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MULTI-PEG LIPID COMPOUNDS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Number 62/758,148,
filed on November 9, 2018, the entire disclosure of which is hereby incorporated by reference inits

entirety.
BACKGROUND

f0n02} Delivery of nucleic acids has been explored extensively as a potential therapeutic
option for certain disease states. In particular, messenger RNA {mRNA) therapy has become an
increasingly important option for treatment of various diseases, including for those associated with

deficiency of one or more proteins,
SUMMARY

[0003] The present invention provides, among other things, compounds useful in for
delivery of mRNA. Delivery of mRNA provided by compounds described herein can result in targeted
delivery, reduce administration frequency, improve patient tolerability, and provide more potent
and less toxic mRNA therapy for the treatment of a variety of diseases, including but not limited to

cancer, cardiovascular, cystic fibrosis, infectious, and neurological diseases.

[0004] In an aspect, the invention features compound comprising a lipid substructure

comprising a hydrophobic maoiety and a hydrophilic moiety; and two or more polymeric groups.

{0005] In embodiments, the polymeric groups are selected from polyvinylalcohol,
polyethylene glycol, polvpropyiene glycol, pelyethylenimine, polyacrylic acid, polymethacrylic acid,
polymethacrylate, polylysine, polvarginine, polyglutamic acid, dextran, a polypeptide, hyaluronic

acid, alginate, chitosan, chitin, xylan or pullulan.

f0006] in embodiments, the polymeric groups are polyethylene glycol (PEG) groups.
fODO7] in embodiments, the lipid substructure comprises a ceramide Hpid.
{0008} in embodiments, the lipid substructure comprises a phospholipid.
fOD09] in embediments, the compound has a structure according to Formula {i):
OH
r! Q’L%ZEm
R?\H,NH
o (),
1
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wherein:
&' and 8% are each independently Cs—Cyq aliphatic;

L is a linker group covalently bonded to each Z group;
A2 O,
c‘{«.A'g \/”‘6@/‘\,}* R
n .

each Al is independently a covalent bond, O, or NR3;

each Z independently has a structure that is

each A% is S-S, C{O), or C(S};
each R? and each R? are independently H or Ci~Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

{0010} in embodiments, the compound has a structure according to Formula {I-A):
OH
1]
R o m
R?\ErNH
o (-4},
wherein:

R and R? are each independently Cs—Ca4 aliphatic;

Lis a linker group covalently bonded to each Z group;

0
“é”A*Ji\/‘(“’e”\v}’:}‘CH 3

each Z independently has a structure that is ;
each Alis independently a covalent bond, O, or NR?%;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.
0011} In embodiments, the compound is a compound according to Formula {1} or {I-4),
wherein Alis 0.

{0012} In embodiments, the compound is a compound according to Formula {1} or {I-A},

whearein m is an integer having a value of 2, 3, 4, or 5.

0013} in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein m is an integer having a value of 2.
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fonidl in embeodiments, the compound is a compound according to Formula {1} or {I-A},

wherein L-[Z], has a structure that is

X'E

XZ
2
stﬁhf’wﬁv{f@/\{?‘ws
A’i
]
Afo~F O,
n

wherein,
X! and X? are each independently O or 5;
X is independently a covalent bond, Q, or S; and

v and z are integers, each independently having a vaiue from 1to 12

[0015] In embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein L-[Z], has a structure that is

X o
O.
MX“WOMO/\% CH;
0
G”{\/é 0/\%0\ CH,

i

{0016} in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein X! and X? are each O.

{0017} in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein vy is 2.

f0018] In embodiments, the compound is a compound according to Formula {1} or {I-A},
wherain zis 1.
f0019] in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherain X3 is O,

f0020] in embeodiments, the compound is a compound according to Formula {1} or {I-A},

whersain R and R? are each independantly selected from Ce—Cas-atkyl or Cs—Cus-atkenyl.

fon21] in embeodiments, the compound is a compound according to Formula {1} or {I-A},
wherein R! and R? are each independently selected from:

A{CH217CHs, ~(CHa)sCHs, -{CH2)13CHs ~{CH2)1aCHs, -{CH2)1sCHs,

SUBSTITUTE SHEET (RULE 26)



WO 2020/097376 PCT/US2019/060335

{CHa)7CHs, {CHa)1sCHs, ~(CHa)a1CHs, -CH=CHICH 12CHs, and

(CH;)gCH=CH(CH2)'ICH3, and (CH2)12CH=CH(CH2)7CH3

[0022]

wherein R is

in embeodiments, the compound is a compound according to Formula {1} or {I-A},

-CH=CH{CH,}1,CHs.

[0023]
wherein R% is

{CH),CHs.

[0024]

[0025]

in embodiments, the compound is a compound according to Formula {1} or {I-A},

In embodiments, the compound has a structure according to Formula (i1},

0
Rgﬁ“a é?
@ o N ofo il
a o H {1,

wherein:
R® and R® are each independently Cs—C,4-aliphatic;

L is a linker group covalently bonded each Z group;
LAY .
é‘Q\Arg \/f‘g/\\,}’ RZ
n .

each Al is independently a covalent band, O, or NR?;

each Z independently has a structure that is

each A% is independently S-S, C{O), or C{S};
each R? and each R? are independently H or $3~Cs alkyl;
m is an integer having a value of 2 or more; and

n is an integer having a value from 4 to 150.

in embodiments, the compound has a structure according to Formula {[1-A},

0
Rgﬂ“c o
Riﬁ,a\v/ixvfc\g,o\v,ﬂ\N,L}zEn1
o o " {1i-A),

wherein:

o

£1A1ﬁ“~/”69’”“€?0*0H3

each Z independently has a structure that is n
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foD26] in embeodiments, the compound is a compound according to Formula {11} or (il-A},
wherein m is an integer having avalue of 2, 3, 4, or 5.

f00271 in embodiments, the compound is a compound according to Formula {11} or (il-A},
wherein m is an integer having a value of 2.

fon28] in embodiments, the compound is a compound according to Formula {11} or (il-A},

wherein L-[Z], has a structure that is

§WA1yA§§0\/}~o=CH3

wherein,

¥2isQors;

each Alis independently a covalent bond, O, or NR%;
each A% is independently §-S, CIOY, C{S), £, or C{OINRS,
R?is H or C3~C; alkyl: and

z is independently an integer having a value from 0 to 12.

{0029} in embodiments, the compound is a compound according to Formula {11} or (il-A},

whereinz s 1.

{0030} In embodiments, the compound is a compound according to Formula {11} or (il-Al,

wherein L-[Z], has a structure that is

O
WO/MQ\//};O”CH;;
X2 o
J—~Loyor
g 0/\}; CH;

{0031} in embodiments, the compound is a compound according to Formula {11} or (il-A},

wherein X% is O.

{0032] In embodiments, the compound is a compound according to Formula {11} or (il-Al,

wherein at least one of R® or R%is Cyr-alkyl,
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foD33] in embeodiments, the compound is a compound according to Formula {11} or (il-A},

wherein both of R® and R® are Ciz-alkyl.

f0034] in embodiments, the compound has a structure accerding to Formula (i),
0
Rsﬂng\r/\{)yi.{-z |
Rl}ro
o (i,
wherein:

R® and R7are each independently C;—Cay aliphatic;

L is a linker group covalently bonded to each Z group;
Al -y
w2 Po ™ O we
n .

each Alis independently a covalent bond, O, or NR%;

each Z independently has a structure that is

each A% is S-S, C{Q), or C{Sk
each R® and each R? are independantly H or Ci—Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

f0D35] in embodiments, the compound has a structure according to Formula {[li-4),
1
ﬂ ]
RS Q/\*]/\Q” m
Rlﬁ/ﬁ
G (-4},
wherein:

4
Yo
Q .

each Z independently has a structure that is
{0036} in embodiments, the compound is a compound according to Formula {11} or {lIl-A},
wherein Alis NH.

{00371 in embodiments, the compound is a compound according to Formula {11} or {lIl-A},

whearein m is an integer having a value of 2, 3, 4, or 5.

[0038] In embodiments, the compound is a compound according to Formula {111} or (11I-A},

whearein m is an integer having a value of 2.
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WO 2020/097376 PCT/US2019/060335

f0D39] in embediments, the compound is a compound according to Formula {1} or {lli-A},

wherein L-[Z], has a structure that is

;‘SWAWAZ\LO\//);Qucm
X2 Al
E
Aza“{*o/\}’f‘cm

wherein,
¥isQorS; and

z is an integer having a value from 0 to 12,

f0D40] in embeodiments, the compound is a compound according to Formula {1} or {lli-A},

wherein L-[2] has a structure that is

o
W\NMO\//)TP"CHS
1 W

Xz NH
&)
o f“‘c/\}’n “CHs

f0041} in embodiments, the compound is a compound according to Formula {11} or {lIl-A},
wherein X% is O.

{0042} in embodiments, the compound is a compound according to Formula {1H} or {1I1-A),
whereinzis 0.

{0043} in embodiments, the compound is a compound according to Formula {11} or {(111-A),

wherein R® and R7 are each independently selected from Ce~Cas-atkyl or Cs~Cra-alkenyl.

{00443 in embodiments, the compound is a compound according to Formula {11} or {lIl-A},
wherein R® and R” are each independently selected from:

-{CH237CHs, ~(CH1sCHs, -{CH2J13CH3, ~{TH }1aCH3, -{CH2j1sCHs,

-{CH3)17CHs, -{CH)15CH;, -{CH2}21CHs, ~CH=CH{CH,}1.CH3,

“{CH2}sCH=CH{CH, },CH3, and ~{CH)uCH=CHICH, ;CHs.

f0D45] in embodiments, the compound is a compound according to Formula {11} or {lHI-A},

wherein R® is -{CH; }izCHa.
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foD46] in embediments, the compound is a compound according to Formula {1} or {lli-A},

wherein R7 is -{CHz}iaCHa.

f0D47] in embeodiments, the compound has a structure according to Formula {IV],

wherein:

each R and R® is independently Ce—Cus-aliphatic;

MOIA\}?% fda w{é’}k'\wfo\/ég/’\y}f\ R3a
18]

R¥isindependently © )

ar
MQ/\%’?‘* Réa

RYis independently hydrogen, ©
G O.
N
o] .

R¥ R™, and R® are each independently selected from H or C;~Cs-aikyi;

;

ayr

each n is independently an integer having a value from 4 to 180;
kisindependently O or 1; and

each of k' and k” is independently an integer having a value from 1 to 12

f0D48] in embeodiments, the compound has the structure according to Formula {IV-A):

o © O 28
3
HyCo o R T
O O R4 O
it k
f0049] In embodiments, the compound is a compound according to Formula {1V} or {IV-A},

wherein kis 1.
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FO050] in embediments, the compound is a compound according to Formula {IV) or {IV-A},
o) O
W \/“f*o/\}’ “CH,
. n

wherein R¥is . o .

[0051] In embodiments, the compound is a compound according to Formula {IV} or {IV-4},
(o]
f

wherein R*is @ .

f0052] in embodiments, the compound is a compound according to Formula {IV} or {IV-A},

wherein R is Cy4-atkyl.

§0053] in embodiments, the compound is a compound according to Formula {IV) or {IV-A},

wherein R¥ is Cy4-atkyl.

{0054} in embodiments, the compound is Compound {1}:

(2}.
f0056] in embodiments, the compound is Compound {3}
o 2
NN NN Q,A\{AQAE,««W«»i’wgc\ww
= 2
AN AN TN N AN TN A s /\%OA {"\
H B
R |
{3}
9
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FOD57] in embediments, the compound is Compound {4}

D
L\wféﬂ\\/‘%?/

(4).
f0058] in another aspect, the invention features a composition comprising any liposome
{e.g., a liposome encapsulating an mRNA encoding a protein) described herein.

§0059] in embodiments, an mRNA encodes for cystic fibrosis transmembrane conductance

regulator {CFTR) protein.
{0060} in embodiments, an mRNA encodes for ornithine transcarbamylase (OTC) protein.

{0061} in another aspect, the invention features a composition comprising a nucleic acid

encapsulated within a liposome as described herein.

{0062} in embodiments, a composition further comprises one more lipids selected from the
group consisting of one or more cationic lipids, one or more non-cationic lipids, and one or more

PEG-modified lipids.
fone3] In embodiments, a nucleic acid is an mRNA encoding a peptide or protein.

[0064] In embodiments, an mRNA encodes a peptide or protein for use in the delivery to or

treatment of the lung of a subject or a fung cell.

[0065] in embodiments, an MRNA encodes for cystic fibrosis transmembrane conduciance

regulator {CFTR) protein.

[0066] in embodiments, an MRMNA encodes a peptide or protein for use in the delivery to or

treatment of the liver of a subject or a liver cell.

{0067} in embodimants, an mRNA encodes for ornithine transcarbamylase (OTC) protein.
foDes] in embeodiments, an mRNA encodes a peptide or protein for use in vaccine.
[0069] in embodiments, an MRMNA encodes an antigen.

10
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FOD70] In some aspects, the present invention provides methods of treating a disease in a

subject comprising administering to the subject a composition as described herein.
DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

f0071] in order for the present invention to be more readily understood, certain terms are
first defined below. Additional definitions for the following terms and other terms are set forth

throughout the specification. The publications and other reference materials referenced herein to
describe the background of the invention and o provide additional detail regarding its practice are

hereby incorporated by reference.

f0072} Amino acid: As used heregin, the term “amino acid,” in its broadest sense, refers to
any compound and/or substance that can be incorporated into a polypeptide chain. in some
embodiments, an amino acid has the general structure HyN-C{H}{R}-COOH. in some embodiments,
an aming acid is 2 naturally occurring amino acid. In some embodiments, an amino acid is a
synthetic amino acid; in some embodimeants, an amine acid is a d-amino acid; in some embodiments,
an aming acid is an f-amino acid. “Standard amino acid” refers to any of the twenty standard |-
amino acids commonly found in naturally occurring peptides. “Nonstandard amino acid” refers to
any amino acid, other than the standard amino acids, regardiess of whether it is prepared
synthetically or obtained from a natural source. As used herein, “synthetic amino acid”
encompassas chemically modified amino acids, including but not limited to salts, amino acid
derivatives (such as amides), and/or substitutions. Amino acids, including carboxy- and/or amino-
terminal amino acids in peptides, can be modified by methylation, amidation, acetylation, protecting
groups, and/or substitution with other chemical groups that can change the peptide’s circulating
half-life without adversely affecting their activity. Amino acids may participate in a disulfide bond.
Amino acids may comprise one or posttransiational modifications, such as association with one or
more chemical entities {e.g., methyl groups, acetate groups, acetyl groups, phosphate groups,
formyl moieties, isoprenoid groups, sulfate groups, polyethylene ghycol moieties, lipid moleties,
carbohydrate moieties, bictin moieties, etc.}. The term “amino acid” is used interchangeably with
“amino acid residue,” and may refer to a free amino acid and/or to an amine acid residue of a
peptide. It will be apparent from the context in which the term is used whether it refers to a free

amino acid or a residue of a peptide.

i}.'

0073} Animal: As used herein, the term “animal” refers to any member of the animal

kingdom. in some embodiments, “animal” refers to humans, at any stage of development. In some

refers to non-human animals, at any stage of development. In certain

ill

embodiments, “anima

11
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embodiments, the non-human animal is 3 mammal {e.g., a rodent, a mouse, a raf, 3 rabbit, 3
monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some embodiments, animals
include, but are not limited to, mammals, birds, reptiles, amphibians, fish, insects, and/or worms. In
some embodiments, an animal may be a transgenic animal, genetically-engineered animal, and/or a

clone.

{0074} Approximately or about: As used herein, the term “approximately” or “about,” as
applied to one or more values of interest, refers to a value that is sirilar to a stated reference value.
in certain embodiments, the term “approximately” or “about” refers to a range of values that fall
within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 113, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less in either diraction (greater than or less than) of the stated reference value unless
ctherwise stated or otherwise evident from the context {except where such number would exceed

100% of a possible value).

f0075] Biologically active: As used herein, the term "biclogically active” refersto a
characteristic of any agent that has activity in a biological system, and particularly in an organism.
For instance, an agent that, when administerad to an organism, has a biclogical effect on that

arganism, is considered to be biclogically active.

fon76} Delivery: As used herein, the term “delivery” encompasses both local and systemic
delivery. For example, delivery of mRNA encompasses situations in which an mRNA is delivered to a
target tissue and the encoded protein is expressed and retained within the target tissue {also
referred to as “local distribution” or “local delivery”), and situations in which an mRNA is delivered
to a target tissue and the encoded protein is expressed and secreted into patient’s circulation
system {e.g., serum} and systematically distributed and taken up by other tissues {also referred to as
“systemic distribution” or “systemic delivery”}.

fOD77} Expression: As used herein, “expression” of a nucleic acid sequence refers ¢
translation of an mRNA into a polypeptide, assembie multiple polypeptides into an intact protein
{e.g., enzyme) and/or post-transiational modification of a pelypeptide or fully assembled protein
{e.q., enzyme). In this application, the terms “expression” and “production,” and grammatical

eguivalent, are used inter-changsably.

f0D78] Functional: As used herein, a “functional” biological molecule is a biological

moleculs in a form in which it exhibits & property and/or activity by which it is characterized.

f0079] Haif-life: As used heregin, the term “half-life” is the time required for a quantity such
as nucleic acid or protein concentration or activity to fall to half of its value as measured at the

beginning of a time period.

12
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fOD80] Helper fnid: The term "helper lipid” as used herein refers to any nautral or

switterionic Hpid material incluging cholasterol, Without wishing to be beld to 5 particular thaory,

hedper lipids may add stability, rigidity, andfor fuidity within lipid bdavers/nancparticles,

foos1] Improve, increase, or reduce: As used herein, the terms “improve,” “increase” or
“reduce,” or grammatical equivalents, indicate values that are relative to a baseline measurement,
such as a measurement in the same individual prior to initiation of the treatment described herein,
or a measurement in a control subject {or multiple control subject) in the absence of the treatment
described herein. A “control subject” is 3 subject afflicted with the same form of disease as the

subject being treated, who is about the same age as the subject being treated

foD82] In Vitro: As used herein, the term “in vitro” refers to events that occur in an artificial
environment, e.g., in a test tube or reaction vessel, in cell culture, etc., rather than within a multi-

cellular organism.

{0083] in Vivo: As used herein, the term “in vive” refers to events that occur within a multi-
cellular organism, such as a human and a non-human animal. In the context of cell-based systems,
the term may be used to refer to events that occur within a living cell (as opposed tg, for example, in

vitro systems).

f0084] Isolated: As used herein, the term “isolated” refers to a substance and/or entity that
has been {1} separated from at least some of the components with which it was associated whean
initially produced {whether in nature and/or in an experimental setting), and/or (2} produced,
prepared, and/or manufactured by the hand of man. Isolated substances and/or entities may be
saparated from about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 709%,
about 80%, about 90%, about 91%, about 92%, about 93%, about 94%, about 85%, about 96%, about

7%, about 98%, about 99%, or more than about 99% of the other components with which thay
were initially associated. in some embodiments, isclated agents are about 80%, about 85%, about
20%, about 91%, about 92%, about 83%, about 94%, about 95%, about 86%, about 37%, about 98%,
about 99%, or more than about 99% pure. As used herein, a substance is “pure” if it is substantially
free of other components. As used herein, calculation of percent purity of isolated substances

and/or entities should not include excipients {e.g., buffer, solvent, water, etc.}.

foD8s] Liposome: As used herein, the term “liposome” refers to any lamellar, multilamellar,
r solid nanoparticle vesicle. Typically, a liposome as used herein can be formed by mixing one or

more lipids or by midng one or more lipids and polymer(s}. In some embodiments, a liposome

suitable for the present invention contains a cationic lipids{s) and optionally non-cationic lipid(s},

optionally cholesterol-based lipid{s}, and/or opticnally PEG-modified lipid{s).

13
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foD8e] messenger RNA {mRNA): As used herein, the term “messenger RNA {mRNAY or
“mRNA" refers to a polynucleotide that encedes at least one polypeptide. mRNA as used herein
encompasses both modified and unmedified RNA. The term “modified mRNA” relates to mRNA
comprising at least one chemically modified nuclectide. mRNA may contain one or more coding and
non-coding regions. mRNA can be purified from natural sources, produced using recombinant
expression systems and optionally purified, chemically synthesized, etc. Where appropriate, e.g., in
the case of chemically synthesized moleculas, mRNA can comprise nucleoside analogs such as
analogs having chemically modified bases or sugars, backbone modifications, etc. An mRNA
seguence is presented in the 5 to 3 direction unless otherwise indicated. in some embodiments, an
mRMNA is or comprises natural nucleosides {2.g., adenosine, guanosine, cytidine, uridine); nucleoside
analogs {e.g., 2-aminoadenosineg, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine,
S-methyicytidine, C-5 propynyl-cytidine, C-5 propynyi-uridine, 2-amincadenosine, C5-bromouridine,
C5-fluorouridine, CS-iodouridine, Cs-propynyl-uridine, C8-propynyi-cytidine, C5-methyloytidine, 2-
aminoadenosine, 7-deazaadencsine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O[6}-
methyiguanine, and 2-thiocytidine}; chemically modified bases; biologically modified bases {e.g.,
methylated bases); intercalated bases; modified sugars {e.g., 2’ -fluororibose, ribose, 2’-deoxyribose,
arabinose, and hexose); and/or modified phosphate groups {e.g., phosphorothicates and 5-N-

phosphoramidite linkages).

[0087] Nucleic acid: As used herein, the term “nucieic acid,” in its broadest sense, refers to
any compound and/or substance that is or can be incorporated into a polynuclectide chain. insome
embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated into a
polynuclectide chain via a phosphodiester linkage. In some embodiments, “nucieic acid” refers to
individual nucleic acid residues {e.g., nucleotides and/or nucleosides). in some embodiments,
“nucleic acid” refers to a polynucleotide chain comprising individual nucleic acid residues. In some
embodiments, “nucleic acid” encompasses RNA as well as single and/or double-stranded DNA
and/or cDNA. in some embodiments, “nucleic acid” encompasses ribonucleic acids (RNA), including
but not limited to any one or more of interference RNAs {RNAI}, small interfering RNA (siRNA), short
hairpin RNA {shRNAJ}, antisense RNA {aRNA}, messenger RNA (MmRNA), modified messenger RNA
{mmRNA}, long non-coding RNA {IncRNA), micro-RNA {miRNA) multimeric coding nucleic acid
{MUCNA}, polymeric coding nucleic acid {PCNA), guide RNA {gRNA} and CRISPR RNA {crRNAL Insome
embodiments, “nucleic acid” encompasses deoxyribonucleic acid {DNA], including but not limited to
any one or more of single-stranded DNA {ssDNA}, double-stranded DNA {dsDNA} and
complementary DNA (cDNA}. In some embodiments, “nucleic acid” encompasses both RNA and

DNA. In embodiments, DNA may be in the form of antisense DNA, plasmid DNA, parts of a plasmid
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DNA, pre-condensed DNA, a product of a polymerase chain reaction {PCR}, vectors (e.g., P1, PAC,
BAC, YAC, artificial chromosomes), expression cassettes, chimeric sequences, chromosomal DNA, or
derivatives of these groups. In embodiments, RNA may be in the form of messenger RNA {mRNA},
ribosomal RNA {rRNA), signal recognition particle RNA {7 SL RNA or SRP RNA), transfer RNA {tRNA),
transfer-messenger RNA {tmRNA), small nuclear RNA (snRNAJ}, small nucleolar RNA (snoRNA}, SmY
RNA, small Cajal body-specific RNA {scaRMNA), guide RNA (gRNAJ, ribonuclease P (RMase P}, Y RNA,
telomerase RNA component (TERC), spliced leader RNA (SL RNA), antisense RNA {aRNA or asRNA},
cis-natural antisense transcript {cis-NAT), CRISPR RNA {crRNA), fong noncoding RNA (IncRNA), micro-
RNA {miRNA}, piwi-interacting RNA {piRNA}, small interfering RNA (siRNA}, transacting siRNA
{tasiRNA}, repeat associated siRNA {rasiRNAJ, 73K RNA, retrotransposons, a viral genome, a viroid,
sateliite RNA, or derivatives of these groups. In some embodiments, a nucleic acid is a mRNA

encoding a protein such as an enzyme.

foD8s] Patient: As used herein, the term “patient” or “subject” refers to any organism to
which a provided composition may be administered, e.q., for experimental, diagnostic, prophylactic,
cosmetic, and/or therapeutic purposes. Typical patients include animals {e.g., mammals such as
mice, rats, rabbits, non-human primates, and/or humans}. in some embodiments, a patient is a

human. Ahuman includes pre- and post-natal forms.

f0089] Pharmaceutically acceptable: The term “pharmaceutically acceptable”, as used
herein, refers to substances that, within the scope of sound medical judgment, are suitable for use in
contact with the tissues of human beings and animals without excessive toxicity, irritation, allergic

response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.

f00s0] Pharmaceutically acceptable solt: Pharmaceutically acceptable salts are well known
inthe art. For example, S. M. Berge et al,, describes pharmaceutically acceptable salts in detail in /.
Pharmaceuticol Sciences (1977} 66:1-19. Pharmaceutically acceptable salts of the compounds of this
invention include those derived from suitable inorganic and organic acids and bases. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group formed with
inorganic acids such as hydrochioric acid, hydrobromic acid, phosghoric acid, sulfuric acid and
perchioric acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric
acid, succinic acid or rnalonic acid or by using other methods used in the art such as fon exchange.
Other pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, dighuconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
gluccheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroicdide, 2-

hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate,
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methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenyipropionate, phosphate, picrate, pivalate, propionate, stearate,
succinate, sulfate, tartrate, thioccyanate, p-toluenasuifonate, undecanoate, valerate salts, and the
like. Salts derived from appropriate bases include alkali metal, alkaline earth metal, ammonium and
MN¥{C1.a alkyl)s salts. Representative alkali or alkaline earth metal salts include sodium, lithium,
potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts include,
when appropriate, nontoxic ammonium. guaternary ammonium, and amine cations formed using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, sulfonate and aryl
sulfonate. Further pharmaceutically acceptable salts include salts formed from the guarternization
of an amine using an appropriate electrophile, e.g., an alkyl halide, to form a quarternized alkylated

amino salt.

[0051] Systemic distribution or delivery: As used herein, the terms “systemic distribution,”
“systemic delivery,” or grammatical equivalent, refer to 3 delivery or distribution mechanism or
approach that affect the entire body or an entire organism. Typically, systemic distribution or
delivery is accomplished via body’s circulation system, e.g., blood stream. Compared to the

definition of “local distribution or delivery.”

{0052} Subject: As used herein, the term “subject” refers to a human or any non-human
animal {e.g., rouse, rat, rabbit, dog, cat, cattle, swine, sheep, horse or primate). A human includes
pre- and post-natal forms. In many embodiments, a subject is a human being. A subjectcanbea
patient, which refers to a human presenting to a medical provider for diagnosis or treatment of a
disease. The term “subject” is used herein interchangeably with “individual” or “patient.” A subject
can be afflicted with or is susceptible to a disease or disorder but may or may not display symptoms

of the disease or disorder.

{00593} Substantially: As used herein, the term “substantially” refers to the gualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of interest.
One of ordinary skill in the biological arts will understand that biological and chemical phenomena
rarely, if ever, go to completion and/or proceed to completeness or achieve or aveid an absolute
result. The term “substantially” is therefore used herein to capture the potential lack of

completeness inherent in many biological and chemical phenomena.

f0094] Target tissues: As used herein, the term "target tissues” refers to any tissue that is
affected by a disease to be treated. In some embodiments, target tissues include those tissues that

display disease-associated pathology, symptom, or feature.
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foDos] Therapeutically effective amount: As used herein, the term “therapeutically effective
amount” of a therapeutic agent means an amount that is sufficient, when administered to 3 subject
suffering from or susceptible to a disease, disorder, and/or condition, to treat, diagnose, prevent,
and/or delay the onset of the symptomis) of the disease, disorder, and/or condition. 1t will be
appreciated by those of ordinary skill in the art that a therapeutically effective arount is typically

administered via a dosing regimen comprising at least one unit dose.

s

{0036] Treating: As used herein, the term “treat,” “treatment,” or “treating” refers to any
method used to partially or completely alleviate, ameliorate, relieve, inhibit, prevent, delay onset of,
reduce severity of andfor reduce incidence of one or more symptoms or features of a particular
disease, disorder, and/or condition. Treatment may be administered to a subject who does not
exhibit signs of a disease and/or exhibits only early signs of the disease for the purpose of decreasing

the risk of developing pathology associated with the disease.

f0097] Aliphatic: As used herein, the term aliphatic refers to (;.Cyp hydrocarbons and
inciudes both saturated and unsaturated hydrocarbons. An aliphatic may be linear, branched, or
cyclic. For example, C3-Cyo aliphatics can include C3-Coo alkyls {e.g., linear or branched C;-Cyo
saturated atkyils), C-Coo alkenyis {e.q., Hinear or branched C4-Coo dienvyls, linear or branched Ce-Cao
trienyls, and the like}, and C;-Cyp alkynyls {e.g., linear or branched £,-Cyp alkynyis). Cy-Cyo aliphatics
can include Cs-Cuo cyclic aliphatics (e.g., C3-Cao cycloalkyls, C4-Cuo cycloalkenyis, or C3-Cao
cycloalkynyis). In certain embodiments, the aliphatic may comprise one or more cyclic aliphatic
and/or one or more hetercatoms such as oxygen, nitrogen, or sulfur and may optionally be
substituted with one or more substituents such as alkyl, halo, altkoxyl, hydroxy, amino, aryl, ether,
ester or amide. An aliphatic group is unsubstituted or substituted with one or more substituent
groups as described herein. For example, an aliphatic may be substituted with one or more {e.q., 1,
2, 3,4, 5, or 6 independently selected substituents) of halogen, -COR’, -CO,H, -CO,R’, -CN, -OH, -OR’,
-OCOR’, -OTO,R’, -NH;,

~NHR, -N{R'}z, -SR” or-SO2R’, wherein each instance of R independently is C1-Cyo aliphatic {e.g., C1-Cao
atkyl, Ci-Cas ableyl, Ci-Cio alkyt, or C3-Cs alkyl). In embodiments, R independently is an unsubstituted
atkyl {e.g., unsubstituted Ci-Cyo alioyl, C1-Cys alkyl, Ci-Cio alkyl, or C4-Cs alkyl). In embodiments, R
independently is unsubstituted C;-C: alkyl. In embodiments, the aliphatic is unsubstituted. In

embodiments, the aliphatic does not include any hetercatoms.

[0058] Alkyl: As used herein, the term “alkyl” means acydlic linear and branched
hydrocarbon groups, e.g. “Ci-Cyg alkyl” refers to allyl groups having 1-20 carbons. An alkyl group
may be linear or branched. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-

propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl tert-pentythexyl, Isohexyletc.
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Other alkyl groups will be readily apparent to those of skill in the art given the benefit of the present
disclosure. An alky! group may be unsubstituted or substituted with one or more substituent groups
as described herein. For example, an alkyl group may be substituted with one or more {e.q., 1, 2, 3,
4,5, or 6 independently selected substituents) of halogen, -COR’, -C(O,H, -CO.R’, -CN, -OH, -OR’,
-0OCOR’, -OCO:R’, -NH,, -NHR’, -N{R}3, -5R’ or-5(;R’, wherein each instance of R' independently is Cy-
Czo aliphatic {e.g., Ci-Cao alkyl, C3-Cys alkyl, C-Cho alkyl, or C-C alkyl). In embodiments, R
independently is an unsubstituted alkyl {e.g., unsubstituted C;-Cye alkyl, Ci-Cys alkyl, C3-Cyo alkyd, or
Ci-Cs allyll, in embodiments, R independently is unsubstituted C;-Cs alkyl, In embodiments, the
atkyl is substituted (e.g., with 1, 2, 3, 4, 5, or 6 substituent groups as described herein). In
embodiments, an alkyl group is substituted with a~0OH group and may also be referred to hereinas a

“hydroxyalkyl” group, where the prefix denotes the ~OH group and “alkyl” is as described herein.

[0059] Alkylene: The term “alkylene,” as used herein, represents a saturated divalent
straight or branched chain hydrocarbon group and is exemplified by methyiene, ethylene,
isopropylens and the like. Likewise, the term “alkenylene” as used herein represents an unsaturated
divalent straight or branched chain hydrocarbon group having one or more unsaturated carbon-
carbon double bonds that may occur in any stable point along the chain, and the term “alkynylene”
herein represents an unsaturated divalent straight or branched chain hydrocarbon group having one
or more unsaturated carbon-carbon triple bonds that may occur in any stable point along the chain.
in certain embodiments, an alkylens, altkenylene, or alkynylene group may comprise one or more
cyclic aliphatic and/or one or more hetercatoms such as oxygen, nitrogen, or sulfur and may
optionally be substituted with one or more substituents such as alkyl, halo, atkoxyl, hydroxy, amino,
aryl, ether, ester or amide. For example, an atkylene, alkenylene, or alkynylene mavy be substituted
with ane or more {e.g., 1, 2, 3, 4, 5, or 6 independently selected substituents} of halogen, -COR’, -
COzH, -COR’, -CN, -OH, -OR’, -OCOR’, -OCTR’, -NH;, -NHR’, -N{R’})2, -SR® 0r-SO;R’, wherein each
instance of R’ independently is C;-Cyg aliphatic {e.g., C1-Coo abliyl, C-Cis atkyl, Ci-Cip alkyl, or $-C5
atkyl}. In embodiments, R’ independently is an unsubstituted alkyl {e.g., unsubstituted C;-Cyq atkyd,
Ci-Cas alkyl, C1-Cyo atkyl, or Ci-C5 alkyl). In embodiments, R’ independently is unsubstituted C4-Cs
atkyl. In certain embodiments, an alkylene, alkenyiene, or alkynyiene is unsubstituted. In certain

embodiments, an alkylene, alkenvylene, or alkynylene does not include any heteroatoms.

F0100] Alkenvl: As used herein, “alkenyl” means any linear or branched hydrocarbon chains
having one or more unsaturated carbon-carbon double bonds that may cccur in any stable point
along the chain, e.g. “C;-Coo alkenyl” refers to an atkenyl group having 2-20 carbons. For example, an
atkenyl group includes prop-2-envl, but-2-enyl, but-3-envl, 2-methviprop-2-envyl, hex-2-enyl, hex-5-

enyl, 2,3-dimethylbut-2-enyl, and the like. In embodiments, the alkenyl comprises 1, 2, or 3 carbon-
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carbon double bond. iIn embodiments, the alkenyl comprises a single carbon-carbon double bond.
in embodiments, multiple double bonds {e.g., 2 or 3} are conjugated. An alkenyl group may be
unsubstituted or substituted with one or more substituent groups as described herein. For example,
an atkenyl group may be substituted with one or more {e.g., 1, 2, 3, 4, 5, or 6 independently selected
substituents} of halogen, -COR’, -COH, -CO,R’, -CN, -OH, -OR’, -GCOR’, -OCO:R’, -NH,, -NHR’, -N{R"}2,
-5R" or-5(,R’, wherein each instance of R’ independently is (4-Cye aliphatic (e.g., C3-Cy alkyl, Ci-Cos
atkeyl, Ci-Cyg alkyl, or C3-C5 alkyll. In embodiments, R independently is an unsubstituted alkyl {e.g.,
unsubstituted Ci-Cyo alkyl, Ci-Cis alkyl, Ci-Cao allevl, or C-C5 alkyl). In embodiments, R independently
is unsubstituted C;-Cs atkyl. In embodiments, the alkenyl is unsubstituted. in embodiments, the
atkenyl is substituted {e.g., with 1, 2, 3, 4, 5, or 6 substituent groups as described herein). In
embodiments, an atkenyi group is substituted with a~0OH group and may also be referred to herein

EH

as a “hydroxyalkenyl” group, where the prefix denotes the —OH group and “alkenyl” is as described

herein.

f0101]} Alkynyl: As used herein, “alkynyl” means any hydrocarbon chain of either linear or
branched configuration, having one or more carbon-carbon triple bonds occurring in any stable point
along the chain, &.g. “C;-Cyo alkynyl” refers to an alkynyl group having 2-20 carbons. Examples of an
atkynyl group include prop-2-ynyl, but-2-ynyl, but-3-ynyl, pent-2-ynyi, 3-methyipent-4-ynyl, hex-2-
yriyl, hex-5-ynvyl, etc. in embodiments, an alkynyl comprises one carbon-carbon triple bond. An
atkynyl group may be unsubstituted or substituted with one or more substituent groups as described
herein. For example, an alkynyl group may be substituted withone crmore {e.g., 1, 2,3, 4,5, 0r 6
independently selected substituents} of halogen, -COR’, -CO,H, -CO,R’, -CN, -OH, -OR’, -OCOR’,
-0OCO;R’, -NH,, -NHR’, -N{R’}z, -5R’ or-50,R’, wherein each instance of R’ independently is (4-Cyo
aliphatic {e.g., C1+-Cao alkyl, C1-Cas alkyl, Ci-Cig alkyl, or C1-Cs alkyl). In embodiments, R independently
is an unsubstituted alkyi {e.g., unsubstituted C;-Cho alkyl, Ci-Cys alkyl, C3-Cro alkyl, or C-Cs alkyll. in
emboediments, R’ independently is unsubstituted C5-C alkyl. In embodiments, the alkynylis
unsubstituted. In embodiments, the alkynyl is substituted {e.g., with 1, 2, 3, 4, 5, or 6 substituent

groups as described hersin}.

{0102} Halogen: As used herein, the term “halogen” means flucrine, chlorine, bromine, or
iodine.
f0103] Hetercalkyl: The term “heteroalkyl” is meant a branched or unbranched alkyi,

atkenyl, or alkynyl group having from 1 to 14 carbon atoms in addition to 1, 2, 3 or 4 heteroatoms
independently selected from the group consisting of N, G, §, and P. Hetercalkyis include tertiary
amines, secondary amines, ethers, thioethers, amides, thioamides, carbamates, thiccarbamates,

hydrazones, imines, phosphodiesters, phosphoramidates, sulfonamides, and disulfides. A
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hetercalkyl group may optionally include monocyclic, bicyclic, or tricyclic rings, in which each ring
desirably has three to six nembers. Examples of hetercalkyls include polyethers, such as

methoxymethyl and ethoxyethyl

[0104] Hetercalkylene: The term “hetercalkylene,” as used herein, represents a divalent

form of a heteroalkyl group as described herein.
Compounds of the Invention

{0105} Liposomal-based vehicles are considered an attractive carrier for therapeutic agents
and remain subject to continued development efforts. While liposomal-based vehicles that
comprise certain lipid components have shown promising results with regards to encapsulation,
stabitity and site localization, there remains a great need for improvement of liposomal-based
delivery systems. For example, a significant drawback of liposomal delivery systems relates to the
construction of liposomes that have sufficient cell culture or in vivo stability to reach desired target

cells and/or intraceliular compartments, and the ability of such liposomal delivery systems to

efficiently release their encapsulated materials to such target celis.

[0106] In particular, there remains a need for improved lipids compounds that demonstrate
improved pharmacokinetic properties and which are capable of delivering macromeolecules, such as
nuckeic acids to a wide variety cell types and tissues with enhanced efficiency. Importantly, there
also remains a particular need for novel lipid compounds that are characterized as having reduced
toxicity and are capable of efficiently delivering encapsulated nucleic acids and polynuclectides to

targeted cells, tissues and organs.

f0107] Described herein are novel compounds comprising a lipid substructure and two or
more polymeric groups {e.g., two or more polyethylene giycol {PEG) groups), compositions
comprising such lipids, and related methods of their use. In embodiments, the compounds
described herein are useful as liposomal compositions or as components of liposomal compositions

to facilitate the delivery to, and subseguent transfection of one or more target cells.

{0108} in embodiments, compounds described herein can provide one or more desired
characteristics or properties. Thatis, in certain embodiments, compounds described herein can be
characterized as having one or more properties that afford such compounds advantages relative to
ather similarly classified lipids. For example, compounds disclosed herein can allow for the control
and tailoring of the propertiss of liposomal compasitions {e.g., lipid nanoparticies}) of which they are
a component. In particular, compounds disclosed herein can be characterized by enhanced
transfection efficiencies and their ability to provoke specific biclogical outcomes. Such cutcomes

can include, for example enhanced cellular uptake, endosomal/lysosomal disruption capabilities
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and/or promoting the release of encapsulated materials {e.q., polynuclectides) intraceilulariy.
Additionally, the compounds disclosed herein have advantageous pharmacokinetic properties,
biodistribution, and efficiency {e.g., due to the different disassociate rates of the polymer group

used).

Lipid Substructures

[0109] The compounds of the invention comprise a lipid substructure comprising a
hydrophobic moiety and a hydrophilic moiety. A variety of lipid compounds can be employed in the
present compositions. Exemplary lipids include, for example, phospholipids, such as
phosphatidyicholine with both saturated and unsaturated fatty acids including
dioleoyiphosphatidyicholine; dimyristoylphosphatidyicholine; dipalmitoyiphosphatidyicholine;
distearoyiphosphatidyicholine; phosphatidylethanclamines, such as
dipalmitoyiphosphatidyiethanolamine, dioleoylphosphatidylethanolamine, N-
succinyldioleoyiphosphatidylethanolamine and 1-hexadecyl-2-
paimitoviglycerophosphoethanolamine; phosphatidylserine; phosphatidylglycercl; sphingolipids;
glycolipids, such as ganglioside GM1,; glucolipids; ceramide, sulfatides; glycosphingolipids;
phosphatidic acids, such as dipalmitolylphosphatidic acid; palmitic acid; stearic acid; arachidonic
acid; oleic acid; lipids bearing polymers such as polyethylenegiycol or polyvinylpyrrolidone;
cholesterol and cholesterol hemisuccinate; 12-{{{7'-diethylaminocoumarin-3-
viicarbonylimethylaminooctadecanocic acid; N- 12-{{{7-diethylaminocoumarin-3-
viicarbonylimethylamincoctadecanoyli-2-aminopalmitic acid; cholesteryl}4'-
trimethylaminolbutanoate; 1,2-dicleoylsn-glycerol; 1, 2-dipalmitoyl-sn-3-succinyiglycercl; 1,3~
dipalmitoyl-2-succinyiglycercl; and palmitoylhomocysteine.
[0110] Exemplary lipid compounds include also laurytrimethylammonium bromide;
cetyltrimethylammonium bromide; myristylirimethylammonium bromide;
atkyldimethyibenzylammonium chioride {where alkyl is, for example, Ci2, Cig or Cisl;
benzyldimethyldodecylammenium bromide/chioride; benzyldimethylhexadecylammonium
bromide/chioride; benzyldimethyitetradecylammeonium bromide/chloride;
cetyldimethviethylammaonium bromide/chloride; and cetylpyridinium bromide/chloride.
fo111] Exemplary lipids for use in the present compositions include also anionic and/or
cationic lipids.

Sphingolipids
f0112] In addition to, or instead of, the lipid compounds described above, the present lipid

compositions or lipid substructures may comprise a sphingolipid. In embodiments, a lipid
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substructure comprises a sphingolipid {that is, a lipid substruciure comprises a sphingosine base
moiety and a hydrophobic moiety}. in embodiments, a sphingolipid is a ceramide {e.g., comprising a
sphingosine base and a fatty acid}). Exemplary fatty acids include those described herein. In
embodiments, a sphingolipid comprises a fatty acid that is a saturated fatty acid {e.g., (iso}Hauric,
{iso)myristic, (isopalmitic, or{iso)stearic acid). in embodiments, a sphingolipid comprises a fatty acid
that is an unsaturated fatty acid {e.g., laurcleic, physeteric, myristoleic, palmitoleic, petroselinic, or

oleic acid}.
Phospholipids

f0113} in addition to, or instead of, the lipid compounds described above, the present lipid

compositions or lipid substructures may comprise a phospholipid.

f0114} in embodiments, a phospholipid is dimyristoyl phosphatidylcholine (DMPC). In
embodiments, a phospholipid is dipalmitoyl phosphatidyicholine (DFPC). In embodiments, a
phospholipid is dioleoyl phosphatidyicholine (DOPC). In embodiments, a phospholipid is distearoyl
phosphatidylcholine {DSPC). In embodiments, a phospholipid is dimyristoyl phosphatidylglycerol
{(DMPG). In embodiments, a phospholipid is dipalmitoyl phosphatidylghycerol (DPPG). In
emboediments, a phospholipid is dicleoy! phosphatidylglycerol (DOPG). in embodiments, a
phospholipid is distearoyl phosphatidyiglycerol (DSPG). In embodiments, a phospholipid is
dirmyristoyl phosphatidylethanolamine {(DMPE). in embodiments, a phospholipid is dipalmitoyl
phosphatidylethanolamine {DPPE). In embodiments, a phospholipid is dioleoyl
phosphatidylethanolamine {DOPE) in embodiments, a phospholipid is dimyristovi
phosphatidylserine {DMPS). In embodiments, a phospholipid is dipalmitoyl phosphatidylserine

{DPPS). In embodiments, a phospholipid is dioleoyl phosphatidylserine {DOPS)

Fatty Acids

{0115} in addition to, or instead of, the lipid compounds described above, the present lipid
compositions or lipid substructures may comprise aliphatic carboxylic acids, for example, fatty acids.
Exemplary fatty acids include those which contain about 5 to about 22 carbon atoms in the sliphatic
group. The aliphatic group can be either linear or branched. Exemplary saturated fatty acids includs,
for example, (isollauric, {iso)myristic, {isolpalmitic and {iso}stearic acids. Exemplary unsaturated fatty
acids include, for example, lauroleic, physeteric, myristoleic, palmitoleic, petroselinic, and oleic acid.
Exerplary fatty acids include also, for example, fatty acids in which the aliphatic group is an
isoprenoid or prenyl group. In addition, carbohydrates bearing polymers may be used in the present
lipid compositions. Carbohydrate beating lipids are described, for example, in U.S. Pat. No.

4,310,505, the disclosures of which are hereby incorporated by reference herein, in their entirety.
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fo1i6] Other lipid compounds for use in the present lipid compositions, in addition to those
exemplified above, would be apparent in view of the present disclosure. The lipids from which the
lipid compositions are prepared may be selected to optimize certain desirable properties of the
compositions, including pharmacckinetics, biodistribution, and efficiency. The selection of
exemplary lipids in the preparation of lipid compaositions, in addition to the lipids exemplified above,
would be apparent to one skilled in the art and can be achieved without undue experimentation,

based on the present disclosure.
f0117] in embeodiments, the lipid substructure comprises ceramide.
{0118} in embodiments, the lipid substructure comprises a phospholipid.

Polymaeric Groups

f0119] The compounds of the invention also comprise two or maore polymeric groups.

[0120] in embodiments, a polymeric group is a polyvinylalcohal, polyethylene giycol,
polypropylene glycol, polyethylenimine, polyacrylic acid, polymethacrylic acid, polymethacrylate,
polylysine, polyarginine, polyglutamic acid, dextran, a polypeptide, hyalurcnic acid, alginate,

chitosan, chitin, xylan, or pullulan.

{0121} Still other exemplary polymeric groups include biocompatible pharmaceutically
acceptable, nonimmunogenic compositions, such as those formed by covalently binding insoluble,
naturally-occurring, biclogically inert polymers using pharmaceutically pure, synthetic,

hydrophilic polymers {such as polyethylene glycol (PEG)).

[0122] Further exemplary polymers include polysaccharides such as hyaluronic acid,
proteoglycans such as chondroitin sulfate-A {4-sulfate) chondroitin sulfate C {6-sulfate) and
dermatan sulfate {chondroitin sulfate B} sulfate; dextrins such as cyclodextrin, hydroxylethyl
cellulose, cellulose ether and starch; lipids {esters of fatty acids with trihydroxyl alcohol ghycerol)
such as triglyceride and phospholipids and synthetic polymers such as polyethylene, polyurethane,

polylactic acid, polvglycolic acid, and the like.

[0123] In embodiments, the two or more polyrmeric groups have the same chemical
structure {e.g., a compound described herein comprises two or more polymeric groups that are each
a polyethylene glycol). In embodiments, the two or more polymeric groups have different chemical

structures.
Folyfethylene) glvcols

{0124} in embodiments, a polymer is polyethvlene glycol (PEG). For example, synthetic

hydrophilic polymers include polyethylene glycol {PEG) and derivatives thereof having a weight
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average molecular weight over a range of from about 100 Da to about 20,000 Da. in embodiments,
a PEG group is of up to 5000 Da in molecular weight and covalently attached to a lipid with alioyd
chain{s) of Ce-Cao length. In embodiments, 3 PEG group has a molecular weight of about 1000 to
about 5000 Da {e.g., about 20-110 repeating units}. In embodiments, PEG group has a molecular
weight of about 500 Da to about 10,000 Da, about 500 Da to about 5000 Da, about 1000 Da to about
10,000 Da, about 1000 Da to about 5000 Da, about 1000 Da te about 4000 Da, about 1000 Da to

about 3000 Da, or about 1000 Da to about 2000 Da. in embodiments, a PEG group is PEG2000.

f0125] in embeodiments, the compounds of the invention comprise two ar more

polyasthylene glycol (PEG) groups.

Compounds of Formula {1}, {11, (i), and {1V}

Formula (1)

f0126] The present invention provides a compound having a structure according to Formula
{ty:
O
2]
R“L\r/\(} m
R? _NH
o (),
wherein:

& and R? are each independently Cs—Cy4 aliphatic;

L is a linker group covalently bonded to each Z group;
A2 .
d’t{%A’ﬁ \/fg/\a}" RZ
n .

each Al is independently a covalent bond, O, or NR®;

each Z independently has a structure that is

each A%is §-S, C{O}, or C{S};
each R? and each R? are independently H or ¢1—Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

[0127] in embodiments, each Al is independently 3 covalent bond. In embodiments, each
Alis independently O. In emnbodiments, each Al is independently NR®. In embodiments, each R? is H.

In embodiments, each R? is C—Cg alkyl (e.g., methyil.

{0128} in embodiments, each A? is 5-S. in embodiments, each A? is C{O). in embodiments,

each A?is C{5).
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[0129] in embodiments, each R%is H. In embaodiments, each R% is (—Cs atkyl (e.g., CHsl. In

embodiments, each R% is independently H or CHs.

f0130] in embodiments, the compound has a structure according to Formula {[-A):
O
RVL\T/\O” L%Z}m
R‘iﬂ, NH
o (A},
wherein:

&' and 8% are each independently Cs—Cyq aliphatic;

L is a linker group covalently bonded to each Z group;

O
&AJ‘MO/\‘%’?\CH 4

each Z independently has a structure that is ;
each Al is independently a covalent bond, O, or NR3;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

f0131]} in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein A'is O.

{0132} in embodiments, the compound is a compound according to Formula {1} or {I-A},
wherein m is an integer having a value of 2, 3, 4, or 5. In embodiments, mis 2. In embodiments, m

is 3. In embodiments, mis 4. In embodiments, mis 5.

[0133] In embodiments, the compound is a compound according to Formula {1} or {I-A},

whearein m is an integer having a value of 2.

[0134] In embodiments, a linker group is C4-Cye alkylene or a $3-C34 hetercalkylene. In
embodiments, a linker group is substituted with one or more {2.g., one or twe) carbonyl groups or
thiocarbonyl groups. In embodiments, a linker group is covalently attached to a polymeric group
{e.g., a PEG-containing group such as a Z group described herein) via an oxygen-carbon bond. In
embodiments, a linker group is covalently attached to a polymeric group (e.g., 2 PEG-containing

group such as a Z group described herein} via a carbon-carbon bond.
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f0135] in embeodiments, the compound is a compound according to Formula {1} or {I-A},

wherein L-[Z], has a structure that is

X'E

XZ
2
stﬁhf’wﬁv{f@/\{?‘ws
A’i
]
Afo~F O,
n

wherein,
X! and X? are each independently O or 5;
X is independently a covalent bond, Q, or S; and

v and z are integers, each independently having a vaiue from 1to 12

[0136] In embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein L-[Z], has a structure that is

X o
O.
MX“WOMO/\% CH;
0
G”{\/é 0/\%0\ CH,

i

{0137} in embodiments, the compound is a compound according to Formula {1} or {I-A},
wherein X! and X* are each 0. in embodiments, the compound is 2 compound according to Formula
{1y or {I-A), wherein X! and X% are each 5. in embodiments, the compound is a compound according

to Formula (1) or (-A), wherein one of X! and X% is G, and the other is S.

f0138] in embeodiments, the compound is a compound according to Formula {1} or {I-A},

whereiny is 2.

[0139] in embeodiments, the compound is a compound according to Formula {1} or {I-A},

wherein z is 1.

[0140} in embodiments, the compound is a compound according to Formula {1} or {I-A},

wherein X3 is 0.

0141} in embodiments, the compound is a compound according to Formula {1} or {I-A},
wherein R' and R? are each independently selected from Ca-Cu-alkyl or Ce-Cag-atkenyl. In

embodiments, R and R* are sach independently unsubstituted Ce~Cas-alloyl or unsubstituted Co~Cos-
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alkenyl. in embodiments, R and R? are each independently unsubstituted Ce—Cu-alkvl. in

embodiments, Rt and R? are each independently unsubstituted CsCys-alkenyl.

[0142] in embeodiments, the compound is a compound according to Formula {1} or {I-A},
wherein R! and R? are each independently selected from:

-{CHa}7CHs, -{CH;3eCH3 ~{CHa )13 CH3 ~{CH:1aCHG, ~{CHa3isCHS,

“{CH37CH s, ~{CHy)1aCHs, -{CH, a1 CHs, -CH=CH{CH,}1>CHs, and

~{CHz3sCH=CH{CH;}»CHs, and ~{CH2)1pCH=CH{CH, ;,CHs.

[0143] In embodiments, the compound is a compound according to Formula {1} or {I-A},

wherain R} ig

-CH=CH{CH;}1.CHs.

{0144} in embodiments, the compound is a compound according to Formula {1} or {I-A},
wherein % is
{CH2)7CHs.
Formula {11}
[0145] The present invention also provides a compound having a structure according to

Formula {11},

RS O S
g
RYG\)\/ON%,&\/\ﬁ,LéZEm
@ 0 (m,

wherein:
¥ and R® are each independently Cs~Cue-aliphatic;

L is a linker group covalently bonded each Z group;
AZ O.
ffi\Af’ \/fg/\\% R
N .

each Al is independently a covalent bond, O, or NR®;

each Z independently has a structure that is
each A% is independently S-S, C{O), or C{S);
each R? and each R? are independently H or ¢1—Cs alkyl;

m is an integer having a value of 2 or more; and

nis an integer having a value from 4 to 150.
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f0146] in embodiments, each Al is independantly 2 covalent bond. In embodiments, each
Alis independently O. In emnbodiments, each Al is independently NR®. In embodiments, each R? is H.

In embodiments, each R? is C—Cg alkyl (e.g., methyil.

[0147} in embodiments, each A% is 5-S. in embodiments, each A% is C{O). in embodiments,
each A?is C{5).

{0148} in embodiments, each R% is H. In embodiments, each R% is C—Cs alkyl (e.g., CH3). In

embodiments, each R” is independently H or CHa.

{0149} in embodiments, the compound has a structure according to Formula {H-A},
(9]
Raﬂ\O g
rRE O 0.1.0 ,L{—zE
\ﬂ/ \/i\/ ﬁ \/\ﬁ m
o 0 {1i-4),
wherein:
)

each Z independently has a structure that is

{0150] In embodiments, the compound is a compound according to Formula {11} or (il-A},
whearein m is an integer having a value of 2, 3, 4, or 5. In embodiments, mis 2. In embodiments, m is

3. in embodiments, mis 4. in embodiments, m is 5.

f0151] in embeodiments, the compound is a compound according to Formula {11} or (il-A},

wherein m is an integer having a value of 2.

0152} in embodiments, a linker group is C4-Cy4 alkylene or a (3-Cy4 hetercalkylene, in
embodiments, a linker group is substituted with one or more {e.g., one or two) carbonyl groups or
thiocarbonyl groups. In embodiments, a linker group is substituted with one carbonyl or
thiocarbonyl. In embodiments, a linker group is covalently attached to a polymeric group {e.g., a
PEG-containing group such as a Z group described herein) via an oxygen-carbon bond. In
emboediments, a linker group is covalently attached to a polymeric group (e.g., 3 PEG-containing

group such as a Z group described herein} via a carbon-carbon bond.
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f0153] in embeodiments, the compound is a compound according to Formula {11} or (il-A},

wherein L-[Z], has a structure that is

;WA1,,A%0V}~O“GH3

wherein,

X2isCors;

each Al is independently a covalent bond, O, or NR3;
each A% is independently S-S, C{O), C(S}, CO,, or C{OINR?;
R?is H or Cy-Cs altkyl; and

z is independently an integer having a value from 0 to 12.

{0154} in embodiments, the compound is a compound according to Formula {11} or (il-A},

wherein z is 1.

{0155} in embodiments, the compound is a compound according to Formula {11} or (il-A},

wherein L-[Z], has a structure that is

0
WO ,MGV};]OmCHs
2

X o
H Q.
o Q/\"}; CHy
{0156} in embodiments, the compound is a compound according to Formula {11} or (il-A},

wherein X% is O. In embodiments, the compound is a compound according to Formula {1} or {1I-A),

wherein X% is S.

[0157] in embodiments, R® and RY are sach independently selected from Co~Ca-alkyl or Co-
Ca-alkenyl. In embodiments, R® and R® are each independently unsubstituted Co—Caq-alkyl or
unsubstituted Ce—Cas-alkenyl. In embodiments, R® and R® are each independently unsubstituted Ce—

Cae-alkyl. in embodiments, R® and R® are each independently unsubstituted Co—Cau-alkenyl,

f0158] in embeodiments, the compound is a compound according to Formula {11} or (il-A},

wherein at least one of R% or R¥ is Cy-alkyl,
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[0159] in embeodiments, the compound is a compound according to Formula {11} or (il-A},

wherein both of R® and R® are Ciz-alkyl.
Formula {1il}

{0160} The present invention also provides a compound having a structure according to

Formuia {11},

O
RGJLO/\T/\Q” L—{-Z Em
R O
)il
o (i,
wherein:

R® and R7are each independently C;—Cay aliphatic;

L is a linker group covalently bonded to each Z group;
Al O._.
A a7 bo ™ O
n .

each Alis independently a covalent bond, O, or NRY;

each Z independently has a structure that is

each A% is S-S, C{O), or C{Sk;
each R® and each R? are independantly H or Ci—Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

f0161} in embodirments, each Al is independently a covalent bond. in embodiments, each
Alis independently Q. In ernbodiments, each Alis independently NR®. In embodiments, each R%is H.

in embodiments, each R? is C~Cs alkyl {e.g., methvl}

{0162} in embodiments, each A? is $-S. in embodiments, each A% is C{0). in embodiments,

each A% is C{5).

{0163} in embodiments, each R7 is H. In embodiments, each R? is C—Cs alfkyl (e.g., CH3). In

embodiments, each R* is independently H or CHs.

fois4] In embodiments, the compound has a structure according to Formula {H1i-A},
I
ng
RS Q/\T/\O m
R?Trm
¢ (Hi-A},
wherein:
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1
A to e
n
o :

each Z independently has a structure that is

f0165] in embodiments, the compound is a compound according to Formula {1} or {lIl-A},

wherein Al is NH.

f0166] in embodiments, the compound is a compound according to Formula {11} or {lIl-A},
wherein m is an integer having a value of 2, 3, 4, or 5. In embodiments, m is 2. In embodiments, m is

3. in embodiments, m is 4. In embodiments, mis 5.

f0167] in embodiments, the compound is a compound according to Formula {11} or {lIl-A},

whearein m is an integer having a value of 2.

[0168] In embodiments, a linker group is C4-Cye alkylene or a $3-C34 hetercalkylene. In
embodiments, a linker group is substituted with one or more {e.g., one or two) carbonyl groups or
thiocarbonyl groups. In embodiments, a linker group is substituted with one carbonyl or
thiccarbonyl. In embodiments, a Hinker group is covalently attached to a pelymeric group {e.g., a
PEG-containing group such as a Z group described herein) via an oxygen-carbon bond. In
embodiments, a linker group is covalently attached to a polymeric group (e.g., a PEG-containing

group such as a Z group described herein) via a carbon-carbon bond.

[0169] In embodiments, the compound is a compound according to Formula {111} or (11I-A},

wherein L-[Z]m has a structure that is

EW A1,Au€3\/r}m€)w(3%§3

wherein
XisOors; and

z is an integer having a value from D to 12.
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f0170] in embediments, the compound is a compound according to Formula {1} or {lli-A},

wherein L-[Z], has a structure that is

)
W\NMO\/);O»{:H?,
X, nu O
o f“‘o/\-}f‘ms

§0171} in embodiments, the compound is a compound according to Formula {11} or {(1I1-A),
wherein X% is O. In embodiments, the compound is a compound according to Formula {1} or {I1-A),

wherein X% is 5.

0172} In embodiments, the compound is a compound according to Formula {111} or (11I-A},

wherein z is 0.

[0173] In embodiments, the compound is a compound according to Formula {111} or (11I-A},
wharein R® and R7 are sach independently selected from Co—Cu-atkyl or Ce—Cag-atkenyl. In
embodiments, R® and R are each independently unsubstituted Cs~Cas-alkyl or unsubstituted Co—Ca-
alkenvl. in embodiments, R® and R’ are each independently unsubstituted Ce~Caa-alkyl. In

embodiments, R® and R’ are each independently unsubstituted Cs~Cu-alkenyi.

{0174} in embodiments, the compound is a compound according to Formula {11} or {lIl-A},
wherein R® and R are each independently selected from:

-{CH237CHs, ~{CHZ)sCHs, ~{(CH2)1aCHs, ~{CH2)1aCHs, (CH2)1sCHs,

H{CH}7CHs, -{CH)1s0Hs, -(CHa)os CHs, -CH=CHICH, )12CHs,

ACH,}CH=CH{CH,}2CHs, and -{CHo)1CH=CH{CH,),CHs.

f0175] in embodiments, the compound is a compound according to Formula {11} or (lH-A},

wherein R® is -{CH i CHa.

f0176} in embodiments, the compound is a compound according to Formula {11} or {lHI-A},

wherein R7 is -{CH; }izCHa.
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Formulia {IV)

0177} The present invention also provides a compound having a structure according to

Formula {1V},

wherein:

each R and R® is independently Ce—Cus-aliphatic;

MOIA\}?% fda w{é’}k'\wfo\/ég/’\y}f\ R3a
18]

R¥isindependently © )

ar
MQ/\%’?‘* Réa

RYis independently hydrogen, ©

G O.
N
o] .

R¥ R™, and R® are each independently selected from H or C;~Cs-aikyi;

;

ayr

each n is independently an integer having a value from 4 to 180;

kisindependently O or 1; and

each of k' and k” is independently an integer having a value from 1 to 12
f0178] In embodiments, kis 1. In embodiments, k is 0.

{0179] In embodiments, the compound has the structure according to Formula {(IV-A):

o O 'S) 28
3
HyC. o R bl
O O R4 (9
n k
f0180] in emboediments, the compound is a compound according to Formula {1V} or {IV-A},

wherein kis 1.
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MO/\“}O“ R32

n
[0181] In embodiments, R3is O . In embodiments, B*isH. In

embodiments, R is €~ alkyl {e.g., CHs).
O.
MO/\%” R-L%a

n
f0182] in embodiments, R* is hydrogen. in embodiments, R%is © . n

embodiments, R* is H. in embodiments, R* is {;~Cs alkyl (e.g., CHs). In embodiments, R*is

WOWGA“}?@HE.

0183} in embodiments, the compound is a compound according to Formula {IV) or {IV-4),

WY Qv”(fa/‘\%}f‘cﬁs
O ,

wherain R¥is .

f0184] In embodiments, the compound is a compound according to Formula {1V} or {IV-A},

;\y(“f‘e’\'?’o‘cﬂa

"
whereinR*is O

{0185} in embodiments, the compound is a compound according to Formula {1V} or {IV-4},
wherein R* and R™ are each independently selectad from Co~Cas-alkyl or Ce~Coa-alkenyl. in
embodiments, B and R* are each independently unsubstituted Ce~Ca-aliyt or unsubstituted Ce—
Caalkenyl, In embodiments, RY and R are each independently unsubstituted Ce—Caa-alkyl In

embodiments, R*™® and R are each independently unsubstituted Ce—Cas-alkenyl.

f0186] in emboediments, the compound is a compound according to Formula {1V} or {IV-A},

wherein R* is Cya-alkyl.

f0187} in emboediments, the compound is a compound according to Formula {1V} or {IV-A},

wherein R% is Cyq-albkyl.

Exemplary Compounds

{0183} Exemnplary compounds of the invention Compounds {1}, (2} {3}, and {4},
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Q Q {;3
W NG W Wl NP e N "8'1\3’/\\0‘}{\{/\’% fi\v.%c\v"’i.?ﬂ’
,.r"\f\,f’\\,f"\,f\,x’\\/’\,&xa B \,g/"‘%ﬁ/\%: ~

Synthesis of Compounds of the Invention

0189} The compounds described herein (e.g., a compound of Formulae (1}, (1), (I, or {IV}
such as Formulae {(I-A}, {1I-A}, (1A}, or {IV-A} or Compounds {1}-{4}} can be prepared according to

methods known in the art.

{0190} in some embodiments, the compounds described herein {e.q., Compound {1}} can

be prepared according to Scheme 1.
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Scheme 1
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{0151} in some embodiments, the compounds described herein {e.g., Compound {2}} can

be prepared according to Scheme 2.

Scheme 2
Q o
7 i PN NP NGNS | NN
/a”E\/‘”aW‘w + s oM . HOY\T/\QMO\/”&/ . Ny e e
o p dn B o U“’E/ﬂ'ﬂ"n\‘%?\ WWV\N\E'
2 ﬁ o
//\V/\/\/\/’\/\/’\/*\)k\/\]/\o/?\“/\/* M O,
\WWMN\H/O 2 4 0, )v'e"c‘/

f0192] in some embodiments, the compounds described herein {e.g., Compound {3}} can
ke prepared according to Scheme 3.

Scheme 3
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Syt R
o o I 3
-~ }5\ ~ ‘E\ Lo - i NN NN /\\/\\,}'\ NN )j\_/'\ /ﬁ\_}"\_/“ -
He"“‘;’ Rl g ‘zg/ ~ \’*{;o' > *\,/\/-\,r\/\/\/\_)ixc‘ R b M f TR W
& EN r,\"__ A NN NN N NN w} P e (LN
[0193] In some embodiments, the compounds described herein {e.g., Compound {4}} can
be prepared according to Scheme 4.
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Scheme 4
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Nucleic Acids

{0184} The compounds described herein {e.g., a compound of Formulae {1}, (1), (111}, or {1V}
such as Formulae {I-A}, {H-A}, (H-A), or {IV-A} or Compounds {1}-{4}} can be used to prepare

compaositions useful for the delivery of nucleic acids.

Synthesis of Nucleic Acids

fo19s5] Nucleic acids according to the present invention may be synthesized according to
any known methods. For example, mRNAs according to the present invention may be synthesized
via in vitro transcription {IVT). Briefly, IVT is typically performed with a linear or circular DNA
ternplate containing a promoter, a pool of ribonucleotide triphosphates, a buffer system that may
include DTT and magnesium ions, and an appropriate RNA polymerase {e.g., T3, T7, mutated T7 or
SPG RNA polymerase}, DNAse |, pyrophosphatase, and/or RNAse inhibitor. The exact conditions will

vary according to the specific application.

fo1g6] in some embodiments, for the preparation of mRNA according to the invention, a
DNA template is transcribed in vitro. A suitable DNA template typically has a promoter, for example
a3, T7, mutated T7 or SPG promoter, for in vitro transcription, followed by desired nuclectide
seguence for desired mRNA and a termination signal.

{0187} Desired mRNA seguence(s) according to the invention may be determined and

incorporated into a DNA template using standard methods. For example, starting from a desired
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amino acid sequence {e.g., an enzyme sequence), a virtual reverse translation is carried out based on
the degenerated genetic code. Optimization algorithms may then be used for selection of suitable
codons. Typically, the G/C content can be optimized to achieve the highest possible G/C content on
one hand, taking into the best possible account the frequency of the tRNAs according to codon
usage on the other hand. The optimized RNA sequence can be established and displayed, for
example, with the aid of an appropriate display device and compared with the original {wild-type)
seguence. A secondary structure can also be analyzed to calculate stabilizing and destabilizing

properties or, respectively, regions of the RNA.

{0198} As described above, the term “nucleic acid,” in its broadest sense, refers to any
compound and/or substance that is or can be incorporated into a polynucleotide chain. DNA may bhe
in the form of antisense DNA, plasmid DNA, parts of a plasmid DNA, pre-condensed DNA, a product
of a polymerase chain reaction {PCR}, vectors {e.g., P1, PAC, BAC, YAC, artificial chromosomes),
exprassion casseties, chimeric sequences, chromosomal DNA, or derivatives of these groups. RNA
may be in the form of messenger RNA (mRNA}, ribosomal RNA (rRNA}, signal recognition particle
RNA {7 SL RNA or SRP RNAJ}, transfer RNA {tRNA), transfer-messenger RNA {tmRNA), small nuclear
RNA {snRNA), small nucleclar RNA {snoRNA}, SmY RNA, small Cajal body-specific RNA (scaRNA],
guide RNA {gRNA}, ribonuclease P {(RNase P), Y RNA, telomerase RNA component (TERC), spliced
leader RMA (SL RNA), antisense RNA {aRNA or asRMA), cis-natural antisense transcript {cis-NAT),
CRISPR RNA {crRMNA), long noncoding RNA {IncRNA), microRNA (miRNA), piwi-interacting RNA
{piRNA}, small interfering RNA {siRNA), transacting siRNA {tasiRNA}, repeat associated siRNA
{rasiRNA), 73K RNA, retrotransposons, a viral genome, a viroid, satellite RNA, or derivatives of these

groups. In some embodiments, a nucleic acid is a mRNA encading a protein.

Svnthesis of mRNA

[0199] mRNAs according to the present invention may be synthesized according to any of a
variety of known methods. For example, mRNAs according to the present invention may be
synthesized via in vitro transcription (IVT). Briefly, VT is typically performed with a linear or circular
DNA template containing a promoter, a pool of ribonuciectide triphosphates, a buffer system that
may include DTT and magnesium ions, and an appropriate RNA polymerase {e.g., T3, T7 or SP& RNA
polymerase}, DNAse |, pyrophosphatase, and/or RNAse inhibitor. The exact conditions will vary
according to the specific application. The exact conditions will vary according to the specific
application. The presence of these reagents is undesirable in the final product according to several
embodiments and may thus be referred to as impurities and a preparation containing one or more
of these impurities may be referred to as an impure preparation. in some embodiments, the in vitio

transcribing occurs in a single batch.
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F0200] in some embodiments, for the preparation of mRNA according to the invention, a
DNA template is transcribed in vitro. A suitable DNA template typically has a promoter, for example
a T3, T7 or SP6 promoter, for in vitre transcription, followed by desired nucleotide sequence for

desired mRNA and a termination signal.

{0201} Desired mRNA seguence(s) according to the invention may be determined and
incorporated into a DNA template using standard methods. For example, starting from a desired
amino acid sequence {e.g., an enzyme sequence), a virtual reverse translation is carried out based on
the degenerated genetic code. Optimization algorithms may then be used for selection of suitable
codons. Typically, the G/C content can be optimized to achieve the highest possible G/C content on
one hand, taking into the best possible account the frequency of the tRNAs according to codon
usage on the other hand. The optimized RNA seguence can be established and displayed, for
example, with the aid of an appropriate display device and compared with the original {wild-type}
sequence. A secondary structure can also be analyzed to calculate stabilizing and destabilizing

properties or, respectively, regions of the RNA.
Modified mRNA

f0202} in some embodiments, mRNA accerding to the present invention may be
synthesized as unmaodified or modified mRNA. Modified mRNA comprise nuclectide modifications in
the RNA. A modified mRNA according to the invention can thus include nucleotide maodification that
are, for example, backbone modifications, sugar modifications or base modifications. In some
embodiments, mRNAs may be synthesized from naturally occurring nuclectides and/or nucleotide
analogues {modified nucleotides) including, but not limited to, purines {adenine (A}, guanine {Gl) or
pyrimidines (thymine (T}, cytosine (C), uracil {U}), and as modified nuclectides analogues or
derivatives of purines and pyrimidines, such as e.g. 1-methyl-adenine, 2-methyl-adenine, 2-
methyithio-N-6-isopentenyl-adenine, Né-methyl-adenine, Né-isopentenyl-adenine, 2-thio-cytosine,
3-methyil-cytasine, 4-acetyl-cytosine, S-methyl-cytosine, 2, 6-diaminopurine, 1-methyl-guanine, 2-
methyl-guanine, 2,2-dimethyl-guanine, 7-methyl-guanine, inosine, 1-methyl-inosine, pseudouracil
{S-uracil}, dihydro-uracH, 2-thio-uracil, 4-thic-uracil, 5-carboxymethylaminomethyl-2-thio-uracil, 5-
{carboxyhydroxymethyl}-uracil, S-flucro-uracil, S-bromo-uracil, 5-carboxymethylaminomethyl-uracil,
S-methyl-2-thio-uracil, 5-methyi-uracil, N-uracil-5-oxyacetic acid methyl ester, 5-
methylaminomethyi-uracil, 5-methoxyaminomethyl-2-thio-uracil, 5'-methoxycarbonyimethyl-uracil,
S-methoxy-uracil, uracil-5-oxyacetic acid methyl ester, uracil-5-oxyacetic acid {v}, 1-methyl-
pseudouracil, queosine, beta.-B-mannosyl-gueosine, wybutoxosine, and phosphoramidates,
phosphorothioates, peptide nucleotides, methylphosphonates, 7-deazaguanosing, 5-methyleytosine

and inosine. The preparation of such analogues is known to a person skilled in the art e.g., from the
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1.5, Pat. No. 4,373,071, U.S. Pat. No. 4,401,796, U.5. Pat. No. 4,415,732, U.S. Pat. No. 4,458,066, U.S.
Pat. No. 4,500,707, U.S. Pat. No. 4,668,777, U.S. Pat. No. 4,973,679, U.S. Pat. No. 5,047,524, U.S. Pat.
No. 5,132,418, U.S. Pat. No. 5,153,319, U.S. Pat. Nos. 5,262,530 and 5,700,642, the disclosures of

which are incorporated by reference in their entirety.

{0203} in some embodiments, mRNAs may contain RNA backbone modifications. Typically,
a backbone modification is a modification in which the phosphates of the backbone of the
nucleotides contained in the RNA are modified chemically. Exemplary backbone maodifications
typically include, but are not limited to, modifications from the group consisting of
methyiphosphonates, methyiphosphoramidates, phosphoramidates, phosphorothioates {e.g.
cytidine 5'-0-(1-thiophosphate}}, boranophosphates, positively charged guanidinium groups ete.,

which means by replacing the phosphodiester linkage by other anicnic, cationic or neutral groups.

{0204} in some embodiments, mRNAs may contain sugar modifications. A typical sugar
modification is a chemical modification of the sugar of the nucleotides it contains including, but not
limited to, sugar modifications chosen from the group consisting of 4'-thic-ribonucleotide {ses, e.g.,
US Patent Application Publication No. US 20156/0031928, incorporated by reference herein}, 2'-
deoxy-2"-flucro-cligoribonucleotide (2'-flucro-2'-deoxycytidine 5'-triphosphate, 2'-flucro-2'-
deoxyuridine 5'-triphosphate), 2'-deoxy-2'-deamine-oligoribonucleotide {2'-aminoc-2'-deoxycytidine
S'-triphosphate, 2'-amino-2'-deoxyuridine 5'-triphosphate}, 2'-0-alkyloligoribonucleotide, 2'-deoxy-
2'-C-alkyloligoribonucleotide (2'-O-methylcytidine 5'-triphosphate, 2'-methyiuridine 5'-
triphosphate), 2'-C-alkyloligoribonucleotide, and isomers thereof {2'-aracytidine 5'-triphosphats, 2'-
arauridine S'-triphosphate), or azidotriphosphates {2'-azido-2'-decxycytidine 5'-triphosphate, 2'-

azido-2'-deoxyuridine §'-triphosphate}.

f0205] in some embodiments, mRNAs may contain modifications of the bases of the
nucleotides {hase modifications). A modified nuclectide which contains a base modification is also
called a base-modified nuclectide. Examples of such base-modified nucleotides include, but are not
limited to, 2-amino-6-chloropurine riboside 5'-triphosphate, 2-aminocadenosine 5'-triphosphate, 2-
thiocytidine 5'-triphosphate, 2-thiouridine 5'-triphosphate, 4-thiouridine 5'-trighosphate, 5-
aminoallvicytidine 5'-triphosphate, S-aminoallyluridine 5'-triphosphate, 5-bromocytidine 5'-
triphosphate, 5-bromouridine 5'-triphosphate, 5-iodocytidine 5'-triphosphate, S-icdouridine 5'-
triphosphate, S-methylcytidine S'-triphosphate, 5-methyluridine S'-triphosphate, 6-azacytidine 5'-
triphosphate, 6-azauridine 5'-triphosphate, 6-chloropurine riboside 5'-triphosphate, 7-
deazaadenosine 5'-triphosphate, 7-deazaguanosine S'-iriphosphate, 8-azaadencsine 5'-triphosphate,
8-azidoadenosine 5'-triphosphate, benzimidazole riboside 5'-triphosphate, Ni-methyladenosine 5'-

triphosphate, Ni-methylguanosine S'-triphosphate, Né-methyladenocsine S'-triphosphate, 06-
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methyiguanosine §'-triphosphate, pseudouridine 5'-triphosphate, puromycin 5'-triphosphate or
xanthosine 5'-triphosphate.

f0206] Typically, mRNA synthasis includes the addition of a “cap” on the N-terminal {57}

~rn

end, and a “tail” on the C-terminal {3’} end. The presence of the cap is important in providing

in

resistance to nucleases found in most eukaryotic cells. The presence of a “tail” serves to protect the

mRNA from exonuclease degradation.

f0207] Thus, in some embodiments, mRNAs include a 5’ cap structure. A5 cap is typically
added as follows: first, an RNA terminal phosphatase removes one of the terminal phosphate groups
from the 5" nucleotids, leaving two terminal phosphates; guanosine triphosphate {GTP} is then
added to the terminal phosphates via a guanyliyl transferase, producing a 5°5’5 triphosphate linkags;
and the 7-nitrogen of guanine is then methylated by a methyltransferase. Examples of cap

structures include, but are not limited to, m7G({5'lppp (5'{A,G{S Jppp{5" 1A and G{S'ppp{5')G.

{0208} in some embodiments, mRNAs include a 3’ polyiA) tail structure. A poly-A tail on
the 3' terminus of mRNA typically includes about 10 to 300 adenosine nucieotides {e.g., about 10 to
200 adenosine nucleotides, about 10 to 150 adenasine nuclectides, about 10 to 100 adenocsine
nucleotidas, about 20 to 70 adenosine nucleotides, or about 20 to 60 adencsine nucleotides). in
sorne embodiments, mRNAs include a 3’ poly{C) tall structure. A suitable poly-C tall on the 3'
terminus of mRNA typically include about 10 to 200 cytosine nucleotides {e.g., about 10 to 150
cytosine nucleotides, about 10 to 100 cytosine nuclectides, about 20 to 70 cytosine nuclectides,
about 20 to 60 cytosine nucleotides, or about 10 to 40 cytosine nuclectides). The poly-C tail may be

added to the poly-A tail or may substitute the poly-A tail.

[0209] in some embodiments, mRNAs include a 5" and/or 3’ untranslated region. In some
embodiments, a 5" untranslated region includes one or more elements that affect an mRNA's
stability or translation, for example, an iron responsive element. [n some embodiments, a 5

untransiated region may be between about 50 and 500 nuclectides in length.

f0210} in some embodiments, a 3" untranslated region includes one or more of a
polyadenyiation signal, a binding site for proteins that affect an mRNA's stability of location in a cell,
or one or more binding sites for miRNAs. In some embodiments, a 3’ untransiated region may be

between 50 and 500 nucleotides in length or longer.
Cop structure

f0z211] in some embodiments, mRNAs include a 5 cap structure. A % cap is typically added

as follows: first, an RNA terminal phosphatase removes one of the terminal phosphate groups from
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the 5" nucleotide, leaving two terminal phosphates; guanosine triphosphate (GTP} is then added to
the terminal phosphates via a guanylyl transferase, producing a 8'8'5 triphosphate linkage; and the
7-nitrogen of guanine is then methylated by a methyltransferase. Examples of cap structures

include, but are not limited to, m7G{5"lppp (5'(A,G{5'Jppp(5 A and G{5'}ppp(5')G.

{0212} Naturally occurring cap structures comprise a 7-methyl guanosine that is linked via a
triphosphate bridge to the 5'-end of the first transcribed nuclectide, resulting in a dinucleoctide cap
of M G{S"}ppp(SIN, where N is any nucleoside. in vivo, the cap is added enzymatically. Thecap is
added in the nucleus and is catalyzed by the enzyme guanylyl transferase. The addition of the cap to
the 5' terminal end of RNA occurs immediately after initiation of transcription. The terminal
nucleoside is typically a guanosine, and is in the reverse orientation to all the other nuclectides, Le.,

G{5")ppp{5'GpNpNp.

{0213} A common cap for mRNA produced by in vitro transcription is m’G{5'}ppp(5')G,
which has been used as the dinuclectide cap in transcription with T7 or SP& RNA polymerase in vitro
to obtain RNAs having a cap structure in their 5'-termini. The prevailing method for the in vitro
synthesis of caPPEd mRNA emplovs a pre-formed dinuclectide of the form m’G{S' ppp(51G

{(“o’ GpppG”) as an initiator of transcription.

f0z214] To date, a usual form of a synthetic dinucleotide cap used in in vitro translation
experiments is the Anti-Reverse Cap Analog (“ARCA”} or moedified ARCA, which is generally a

modified cap analog in which the 2' or 3' OH group is replaced with -OCH;.

{0215} Additional cap analogs include, but are not limited to, a chemical structures selected
from the group consisting of m'GpppG, m’GpppA, m’ GpppC; unmethyiated cap analogs {e.g.,
GpppG); dimethylated cap analog {e.q., m* GpppG), trimethylated cap analog (e.g., m** GpppG},
dimethylated symmetrical cap analogs {e.g., m Gpppm’G), or anti reverse cap analogs (e.g., ARCA;
w20 GpppG, m29GpppG, m¥ O™ GpppG, m ¥ GpppG and their tetraphosphate derivatives) {see,
e.g., lemielity, J. et al,, “Novel ‘anti-reverse’ cop analogs with superior transfational properties”, RNA,

9:1108-1122 {2003}}

{0216} in sore embodiments, a suitable cap is a 7-methyl guanylate (“m’G”) linked via a
triphosphate bridge to the §'-end of the first transcribed nuclectide, resulting in m’G{5"}\ppp(5'IN,
where N is any nucleoside. A preferred embodiment of a m’G cap utilized in embodiments of the

invention is m’G{5'lppp(5G.

f0217] in some embodiments, the cap is a Cap0 structure. Cap0 structures lack a 2'-0-

methyl residue of the ribose attached to bases 1 and 2. In some embodiments, the cap is a Capl
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structure, Capl structures have a 2'-G-methyl residue at base 2. In some embodiments, the capisa

Cap2 structure. Cap2 structures have a 2'-O-methyl residue attached to both bases 2 and 3.

f0218] Avariety of m’G cap analogs are known in the art, many of which are commercially
available. These include the mGpppG described above, as well as the ARCA 3'-0CHs and 2-OCH;
cap analogs {lemielity, J. et al., RNA, 9: 1108-1122 {2003)}). Additional cap analogs for use in
embodiments of the invention include N7-benzylated dinucleoside tetraphosphate analogs
{described in Grudzien, E. et al., RNA, 10: 1479-1487 {2004)}, phosphorothioate cap analogs
{described in Grudzien-Nogalska, £., et al, RNA, 13: 1745-1755 {2007}}, and cap analogs {including
biotinylated cap analogs) described in U.S. Patent Nos. 8,093,367 and 8,304,529, incorporated by

reference herein.

Toil structure

iﬂ

{0219} Typically, the presence of a “tail” serves to protect the mRNA from exonuclease
degradation. The poly A tail is thought to stabilize natural messengers and synthetic sense RNA.
Therefore, in certain embodiments a long poly A tail can be added to an mRNA molecule thus
rendering the RNA more stable. Poly A tails can be added using a variety of art-recognized
techniques. For example, long poly A tails can be added to synthetic or in vitro transcribed RNA
using poly A polymerase {Yokoe, et af. Nature Biotechnology. 1896; 14: 1252-1256}. A transcription
vector can also encode long poly Atails. in addition, poly A tails can be added by transcription
directly from PCR products. Poly A may also be ligated to the 3' end of a sense RNA with RNA ligase

{see, e.g., Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis

{Cold Spring Harbor Laboratory Press: 1981 edition}).

0220} in some embodiments, mRNAs include a 37 poly{A) tail structure. Typically, the
fength of the poly A tail can be at least about 10, 50, 100, 200, 300, 400 at least 500 nucleotides. In
some embodiments, a poly-A tail on the 3' terminus of mRNA typically includes about 10 to 300
adenosine nuclectides (e.g., about 10 to 200 adenosine nuclectides, about 10 to 150 adenosine
nucleotides, about 10 to 100 adenosine nucleotides, about 20 to 70 adenasine nucleotides, or about
20 to 60 adenosine nucleotides). In some embodiments, mRNAs include a 3’ poly(C) tail structure. A
suitable poly-C tail on the 3' terminus of mRNA typically include about 10 to 200 cytosine
nucleotides {e.g., about 10 to 150 cytosine nuclectides, about 10 to 100 cytosine nuclectides, about
20 to 70 cytosine nucleotides, about 20 to 80 cytosine nucleotides, or about 10 to 40 cytosine

nucleotides). The poly-C tail may be added to the poly-A tail or may substitute the poly-A tail.

f0221] in some embodiments, the length of the poly A or poly C tail is adjusted to control

the stability of a modified sense mRNA molecule of the invention and, thus, the transcription of
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protein. For example, since the length of the poly A tail can influence the half-life of a sense mRNA
molecule, the length of the poly A tail can be adjusted to modify the level of resistance of the mRNA
to nucleases and thereby controf the time course of polynuclestide expression and/or polypeptide

production in a target cell.
5" ond 3’ Untronsiated Region

[0222] in some embodiments, mRNAs include 2 5" and/or 3’ untranslated region. Insome
embodiments, a 5 untranslated region includes one or more elements that affect an mRNA's
stability or transiation, for example, an iron responsive element. In some embodiments, a &

untransiated region may be between about 50 and 500 nucleotides in length.

f0223] in some embodiments, a 3" untranslated region includes one or more of &
polyadenyiation signal, a binding site for proteins that affect an mRNA"s stability of location in a cell,
or one or more binding sites for miRNAs. In some embodiments, a 3" untranslated region may be

between 50 and 500 nucleotides in length or longer.

[0224] Exemplary 3' and/or 5' UTR sequences can be derived fram mRNA molecules which
are stable {e.g., globin, actin, GAPDH, tubulin, histone, or citric acid cycle enzymes) to increase the
stability of the sense mRNA molecule. For example, a 5 UTR sequence may include a partial
saguence of 3 CMV immediate-early 1 {I£1) gene, or 3 fragment thereof to improve the nuclease
resistance and/or improve the half-life of the polynucleotide. Also contemplated is the inclusion of a
seguence encoding human growth hormone (hGH), or a fragment thereof to the 3’ end or
untransiated region of the polynuclectide {e.g., mRNA} to further stabilize the polynuclectide.
Generally, these modifications improve the stability and/or pharmacokinetic properties {e.g., balf-
life} of the polynucleotide relative to their unmodified counterparts, and include, for example

modifications made to improve such polynuclectides’ resistance to in vive nuclease digestion.
Pharmaceutical Formulations of Cationic Lipids and Nucleic Acids

{0225} in certain embodiments, the compounds described herein (e.g., a compound of
Formulae {1}, (1}, (11}, or {IV) such as Formulae (I-A), (HI-A), (I1I-A), or (IV-A} or Compounds {1}~{4}}, as
well as pharmaceutical and liposomal compositions comprising such lipids, can be used in
formulations to facilitate the delivery of encapsulated materials {e.g., one or more polynucleotides
such as mRMA]} to, and subsequent transfection of one or more target cells. For example, in certain
embodiments cationic lipids described herein {and compositions such as liposomal compositions
comprising such lipids) are characterized as resulting in one or more of receptor-mediated

endocytosis, clathrin-mediated and caveclae-mediated endocytosis, phagocytosis and
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macropinocytosis, fusogenicity, endosomal or lysosomal disruption and/or releasable properties that

afford such compounds advantages relative other similarly classifiad lipids.

f0226] According to the present invention, a nucleic acid, e.g., mRNA encoding a protein
{e.q., a full length, fragment or portion of a protein} as described herein may be delivered via a
delivery vehicle comprising a compound as described herein {e.g., a compound of Formulae {1}, (i1},

{tH}, or {1V} such as Formulae (I-A}, {H-A}, {1II-A), or {IV-A} or Compounds {1}-{4}).

oy »ou

f0227} As used herein, the terms “delivery vehicle,” “transfer vehicle,” “nanoparticle” or

grammatical equivalent, are used interchangeably.

[0228] For example, the present invention provides a compaosition (e.g., a pharmaceutical
composition} comprising a compound described herein {e.g., 2 compeound of Formulae {1}, {11}, (11}, or
(V) such as Formulas {I-A}, {-A], {IIFA)Y, or {IV-A) or Compounds {1}-{4}) and one or more
polynuclectides. A composition {e.g., a pharmaceutical composition) may further comprise one or
more cationic lipids, one or more non-cationic fipids, one or more cholesterol-based lipids and/or

one or more PEG-modified lipids.

{0229} in certain embodiments a composition exhibits an enhanced {e.g., increased) ability
to transfect one or more target cells. Accordingly, also provided herein are methods of transfecting
one or more target cells. Such methods generally comprise the step of contacting the one or more
target cells with the cationic lipids and/or pharmaceutical compositions disclosed herein {e.g., a
liposomal formulation comprising a compound described herein {e.g., a compound of Formulae {l},
{H), {11}, or {1V) such as Formulae {I-A), {il-A), (IH-A}, or {iV-A} or Compounds {1}-{4}} encapsulating
one or more polynucleatides) such that the one or more target cells are transfected with the
materials encapsulated therein {e.g., one or more polynucleotides). As used herein, the terms
“transfect” or “transfection” refer to the intracellular introduction of one or more encapsulated
materials {e.g., nucleic acids and/or polynucieotides) inte a cell, or preferably inte a target cell. The
introduced polynuclectide may be stably or transiently maintained in the target cell. The term
“transfection efficiency” refers to the relative amount of such encapsulated material {e.g.,
polynucieotides) up-taken by, introduced into and/or expressed by the target cell which is subject to
transfection. In practice, transfection efficiency may be estimated by the amount of a reporter
polynuclectide product produced by the target cells following transfection. In certain embodiments,
the compounds and pharmaceutical compositions described herein demonstrate high transfection
efficiencies thereby improving the likelihood that appropriate dosages of the encapsulated materials

{e.q., one or more polynuciectides) will be delivered to the site of pathology and subseguently
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exprassed, while at the same time minimizing potential systemic adverse effects or toxicity

associated with the compound or their encapsulated contents.

f0230] Following transfection of ane or more target cells by, for example, the
polynuciectides encapsulated in the one or more Hpid nanoparticles comprising the pharmaceutical
or liposomal compaositions disclosed herein, the production of the product {e.g., a polypeptide or
protein} encoded by such polynudleotide may be preferably stimulated and the capability of such
target cells to express the polynuclectide and produce, for example, a polypeptide or protein of
interest is enhanced. For example, transfection of a target cell by one or more compounds or
pharmaceutical compositions encapsulating mRNA will enhance {i.e., increase} the production of the

protein or enzyme encoded by such mRNA.

f0231]} Further, delivery vehicles described herein {e.g., iposomal delivery vehicles) may he
prepared to preferentially distribute to other target tissues, cells or organs, such as the heart, lungs,
kidneys, spleen. In embodiments, the lipid nanoparticles of the present invention may be prepared
to achieve enhanced delivery to the target cells and tissuss. For exampie, polynuclectides {e.qg.,
mRNA} encapsulated in one or more of the compounds or pharmaceutical and liposomal
compositions described herein can be delivered to and/or transfect targeted cells or tissues. in
some embodiments, the encapsulated polynucleotides {e.g., mRNA} are capable of being expressed
and functional polypeptide products produced {and in some instances excreted} by the target cell,
thereby conferring a beneficial property to, for example the target cells or tissues. Such
encapsulated polynucleotides (e.g., mRNA) may encode, for example, a hormone, enzyme, receptor,

polypeptide, peptide or other protein of interest.

Liposomal Delivery Vehicles

f0232} in some embodiments, a composition is a suitable delivery vehicle. In embodiments,

a composition is a liposomal delivery vehicle, e.q., a lipid nanocparticle.

{0233} The terms “liposomal delivery vehicle” and “liposomal composition” are used

interchangeably.

{0234} Enriching liposomal compositions with one or more of the cationic Hpids disclosed
herein may be used as a means of improving (e.g., reducing) the toxicity or otherwise conferring one
or more desired properties to such enriched liposomal composition {e.g., improved delivery of the
encapsulated polynuclectides to one or more target cells and/or reduced in vivo toxicity of a
liposomal composition). Accordingly, alse contemplated are pharmaceutical compositions, and in

particular liposomal compositions, that comprise one or more of the cationic lipids disclosed herein.
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f0235] Thus, in certain embodiments, the compounds described herein (e.g., 2 compound
of Formulae (1), (1), (1B, or {1V} such as Formulae {1-A), (-4}, (H-A), or (IV-A} or Compounds {1}-{4})
may he used as a component of a liposomal composition to facilitate or enhance the delivery and
release of encapsulated materials {e.g., one or more therapeutic agents) to one or more target cells

{e.g., by permeating or fusing with the lipid membranes of such target cells}.

{0236} As used herein, liposomal delivery vehicles, e.g., lipid nanoparticles, are usually
characterized as microscopic vesicles having an interior agua space sequestered from an outer
medium by a membrane of one or more bilayers. Bilayer membranes of liposomes are typically
formed by amphiphilic molecules, such as lipids of synthetic or natural origin that comprise spatially
separated hydrophilic and hydrophobic domains {Lasic, Trends Biotechnol., 16: 307-321, 1933).
Bilayer membranes of the liposomes can also be formed by amphophilic polymers and surfactants
{e.g., polymerosomes, niosomes, etc.). in the context of the present invention, a liposomal delivery

vehicle typically serves to transport 3 desired mRNA to o target cell or tissue.

[0237] in certain embodiments, such compositions {e.g., liposomal compositions) are
loaded with or otherwise encapsulate materials, such as for example, one or more biclogically-active

polynuciectides {e.g., mRNA}L

f0238] in embodiments, a composition {e.g., & pharmaceutical composition} comprises an
mRNA encoding a protein, encapsulated within a liposome. In embodiments, a liposome comprises
one or more cationic lipids, one or more non-cationic lipids, one or more cholesterol-based lipids
and one or more PEG-modified lipids, and wherein at least one PEG-modified lipid is a compound as
described herein {e.g., a compound of Formulae {1}, {it}, {11}, or {IV) such as Formulae (I-4), {1i-A), {1lI-
A}, or {IV-A) or Compounds {13-{4}). In embodiments, a composition comprises an mRNA encoding
for a protein {e.g., any protein described herein). In embodiments, a composition comprises an
mRNA encoding for cystic fibrosis transmeambrane conductance regulator {CFTR) protein. In
embodiments, a composition comprises an mRNA encoding for ornithine transcarbamylase {OTC)

protein.

[0239] In embodiments, a composition {e.g., a pharmaceutical composition} comprises a
nucleic acid encapsulated within a liposome, wherein the liposome comprises any compound
described herein {e.g., a compound of Formulae {1}, (1}, {111}, or {IV) such as Formulae {I-A}, (1-A), (-

A}, or {IV-A} or Compounds {1}-{4}} as described herein.

f02407 in embodiments, a nucleic acid is an mRNA encoding a peptide or protein. In
embodiments, an mRNA encodes a peptide or protein for use in the delivery to or treatment of the

fung of 2 subject or 3 lung cell {e.g., an MRNA encodes cystic fibrosis transmembrane conductance
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regulator {CFTR) protein). In embodiments, an mRMNA encodes a peptide or protein for use in the
delivery to or treatment of the liver of a subject or a liver cell {e.g., an mRNA encodes ornithine

transcarbarnylase {OTC) protein). Still other exemplary mRNAs are described herein.

f0241]} in embodiments, a liposomal delivery vehicle {e.g., a lipid nanoparticle} can have a

4

net positive charge.

f02432} in embodiments, a liposomal delivery vehicle {e.g., a lipid nanoparticle} can have a

net negative charge.

{0243} in embodiments, a liposomal delivery vehicle {e.g., a lipid nanoparticle) can have a

net neutral charge.

{0244} in embodiments, a lipid nanoparticle that encapsulates a nucleic acid {e.g., mRNA
encoding a peptide or protein) comprises one or more compounds described herein {{2.g., a
compound of Formulae (1, {11}, (1), or {IV) such as Formulae (i-A}, {li-A), {IHI-A), or {IV-A} or

Compounds {1)}-{4}}.

[0245] For example, the amount of a compound as described hergin {e.g., a compound of
Formudae {13, {1}, {111}, or {I¥) such as Formulae (-A), (A}, {HH-A), or (IV-A} or Compounds {1}-{4}}in a
composition can be described as a percentage (“wt9%”} of the combined dry weight of alf lipids of a

composition {e.g., the combined dry weight of all lipids present in a liposomal composition}.

f0246] in embodiments of the pharmaceutical compositions described herein, a compound
as described herein {e.g., a compound of Formulae {1}, (11}, (I}, or (IV) such as Formulae {I-A}, (lI-A},
{HH-A}, or (IV-A) or Compounds {1}—{4}} is present in an amount that is about 0.5 wi% to about 30
wit% {e.g., about 0.5 wit% 1o about 20 wi%) of the combined dry weight of all lipids presentin a

composition {e.g., a Hposomal composition).

f0247} in embodiments, a compound as described herein {e.g., a compound of Formulae {1},
(1), {11, or {1V} such as Formulae (1-A), {II-A), (IH-A), or {IV-A} or Compounds {1}-{4}} is present in an
amount that is about 1 wt% to about 30 wt%, about 1 wt% to about 20 wi%, about 1 wt% to about
15 wt%, about I wi% to about 10 wt%, or about 5 wt% to about 25 wiS6 of the combined dry weight
of all lipids present in a composition (e.g., 3 liposomal composition}. in embodiments, a compound
as described herein {e.g., a compound of Formulae {1}, (1D}, (1, or iV} such as Formulae {I-A}, (II-A},
{Hi-A}, or {IV-A) or Compounds {1}-{4}} is present in an amount that is about 0.5 wi% to about 5 wit%,
about 1 wit% to about 10 wit¥%, about 5 wi% to about 20 wit%, or about 10 wt% to about 20 wit% of
the combined molar amounts of all lipids present in a composition such as a liposomal delivery

vehicle.

48

SUBSTITUTE SHEET (RULE 26)



WO 2020/097376 PCT/US2019/060335

[0248] in embediments, the amount of 3 compound as described herein {e.g., a compound
of Formulae {1}, (1}, (1B}, or {1V} such as Formulae {1-A), (-4}, (H-A), or (IV-A} or Compounds {1}-{4})
is present in an amount that is at least about 5 wt¥%, about 10 wt%%, about 15 wit%, ahout 20 wi%,
about 25 wt%, about 30 wt%, about 35 wit%, about 40 wt%, about 45 wt%, about 50 wi%, about 55
w6, about 60 wt%, about 65 wi%%, about 70 wt%, about 75 wt%, about 80 wt%, about 85 wt%,
about 90 wt%, about 95 wit%, about 96 wit%, about 87 wt%, about 98 wit%, or about 99 wt% of the

combined dry weight of total lipids in a composition {e.g., a liposomal composition).

[03249] in embediments, the amount of 3 compound as describad herein {{e.g., 3 compound
of Formulae {1}, (1}, {111}, or {1V} such as Formulae {1-A), (-4}, (I-A), or (IV-A} or Compounds {1}-{4}}
is present in an amount that is no more than about 5 wi%, about 10 wit%, about 15 wit%, about 20
wt%, about 25 wit%, about 30 wi%, about 35 wt%, about 40 wt%, about 45 wt%, about 50 wi%,
about 55 wt%, about 60 wt%, about 65 wi%, ahout 70 wi%, about 75 wit3%, about 80 wt%, about 85
wit%, about 90 wi%, about 95 wi%, about 96 wit%, about 97 wt%, about 98 wt%, or about 99 wi% of

the combined dry weight of total lipids in a composition (e.g., a Hposomal composition}.

f0250] in embediments, a composition {e.g., a liposomal delivery vehicle such as 3 lipid
nanoparticle} comprises about 0.1 wit% to about 20 wit% {e.g., about 0.1 wt% to about 15 wi%} of a
compound described herein {&.g., a compound of Formulae {1}, (1}, (1), or {IV} such as Formulae {i-
A), (H-A), (IH-A), or (IV-A) or Compounds {1}~{4}}. In embodiments, a delivery vehicle {2.¢., a
liposomal delivery vehicle such as a lipid nanoparticle} comprises about 0.5 wt%, about 1 wit%, about
3 wi%, about 5 wit%, or about 10 wi% a compound described herein {e.g., a compound of Formulae
(0, (i, (18, or (IV) such as Formulae {1-A), {I1-A), (il1-A), or {I¥-A} or Compounds {1}-{4}}. In
embodiments, a delivery vehicle {e.g., a liposomal delivery vehicle such as a lipid nanoparticle}
comprises up to about 0.5 wt%, about 1 wt%, about 3 wt%, about 5 wi%, about 10 wi%, about 15
wid6, or about 20 wt% of a compound described herein {e.g., a compound of Formulae (1}, (i}, (111}, or
{IV} such as Formuiae {I-A}, (li-A}, {1I-A}, or {IV-A) or Compounds {1-{4}). In embodiments, the
percentage results in an improved beneficial effect {e.g., improved delivery to targeted tissues such

as the liver or the lung).

f0251} The amount of a compound as described herein {e.g., a compound of Formulae {{},
{1}, {1}, or {(IV) such as Formulae (I-A}, (1A}, (1A}, or {IV-A) or Compounds {1}-{4}} in a composition
also can be described as a percentage {(“mol%”) of the combined molar amounts of total lipids of 2

compaosition {e.g., the combined molar amounts of all lipids present in a liposomal delivery vehicle).

[0252] In embodiments of pharmaceutical compaositions described herein, a compound as

described herein {e.g., a compound of Formulae {1}, {it}, {11}, or {IV) such as Formulae (I-4), {1i-A), {1lI-
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A}, or {IV-A) or Compounds (13-{4}} is present in an amount that is about 0.5 mol% to about30 mol%
{e.q., about 0.5 mol% to about20 molSs) of the combined molar amounts of all lipids present in a

composition such as a liposomal delivery vehicle.

f0253] in embodiments, a compound as described herein {e.g., a compound of Formulae {1},
{1}, {11}, or (IV) such as Formulae (1A}, {H-A), (1A}, or {IV-A) or Compounds {1}-{4}} is present in an
amount that is about 0.5 mol% to about 5 mol%, about 1 mol% to about 10 mol%, about 5 mol% to
about 20 mol%, or about 10 mol% to about 20 mol% of the combined molar amounts of all lipids
present in a composition such as a liposomal delivery vehicle. In embodiments, a compound as
described herein {e.g., a compound of Formulae {1}, (1}, {1}, or {IV) such as Formulae (I-4}, {1I-A}, {1l
A}, or {IV-A) or Compounds {13-{4}} is present in an amount that is about 1 mol% to about 30 mol%,
about 1 mol% to about 20 mol%, about 1 mol% to about 15 mol%, about 1 mol% to about 10 moi%,
or about 5 mol% to about 25 mol%% of the combined dry weight of all lipids present in a composition

such as a lipesomal delivery vehicle

[0254] in certain embodiments, a compound as described herein (e.g., a compound of
Formulae {13, {1}, (111}, or {IV) such as Formulae (1-A), (II-A), (IH-A), or (IV-A} or Compounds {1)—{4}} can
comprise from about 0.1 mol% to about 50 mel%, or from 0.5 mol% to about 58 mol%, or from
about 1 mol% to about 25 mol%, or from about 1 mol% to about 10 mol% of the total amount of

lipids in a composition {e.g., a liposomal delivery vehicle}.

f0255] In certain embodiments, a compound as described herein {e.g., a compound of
Formdae (13, {11}, (1), or {IV) such as Formulae (I-A}, (II-A), (I11-A), or (IV-A) or Compounds {1}-{4)} can
comprise greater than about 0.1 mol%, or greater than about (0.5 mol%, or greater than about 1

mol%, or greater than about 5 mol% of the total amount of lipids in the lipid nanoparticle.

[0256] in certain embodiments, a compound as described {e.g., a compound of Formulae
{0, (11, {1ih, or (IV) such as Formulae {I-A}, {I[-A}, (ilI-A}, or {IV-A) or Compounds {1}-{4]} can comprise
less than about 25 mol%, or less than about 10 mol%, or less than about 5 mol%, or less than about

1 moi% of the total amount of lipids in a composition {e.g., a liposomal delivery vehicle).

{0257} in embodiments, the amount of a2 compound as described herein {e.g., a compound
of Formulae (I}, (I}, {11}, or {IV) such as Formulae (-4}, {1I-A}, {H1-A}, or (IV-A) or Compounds {(1}-{4}}
is present in an amount that is at least about 5 mol%, about 10 mol%, about 15 mol%, about 20
mol%, about 25 mol%, about 30 mol%, about 35 moi%, about 40 mol%, about 45 mol¥%, about 50
mol%, about 55 mol%, about 60 mol%, about 65 mold%, about 70 mol%, about 75 mol%, about 80

mol%, about 85 mol%, about 80 mol%, about 95 moll%, about 26 mol%, about 97 mol%, about 98
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mol%, or about 99 moi% of the combined dry weight of total lipids in a composition (e.g., a

liposomal composition).

f0258] in embediments, the amount of 3 compound as described herein {e.g., a compound
of Formulae {1}, (1}, (B, or {1V} such as Formulae {1-A), (-4}, (-A), or (IV-A} or Compounds {1}-{4}})
is present in an amount that is no more than about 5 mol%, about 10 mol¥%, about 15 mol%, about
20 mol%, about 25 mol%, about 30 mol%, about 35 mol%, about 40 mel%, about 45 mol%, about 50
mol%, about 55 mol%, about 60 mol%, about 65 mol%, about 70 mol3s, about 75 mol%, about 80
mol%, about 85 mol%, about 80 mol%, about 95 mol%%, about 96 mol%, about 97 moi%, about 98
moi%, or about 99 moel% of the combined dry weight of total lipids in a composition {e.g., a

liposomal compaosition).

f0259] in embodiments, the percentage results in an improved beneficial effect {e.g.,

improved delivery to targeted tissues such as the liver or the lung).

{0260} in embodiments, a composition further comprises one more lipids {e.g., one more
lipids selected from the group consisting of one or more cationic lipids, one or more non-cationic

lipids, one or more cholestercl-based lipids, and one or more PEG-maodified lipids).

[0261] In certain embodiments, such pharmaceutical {e.g., liposomal} compositions
comprise one or more of a PEG-moedified lipid, a non-cationic lipid and a cholesterol lipid. In
embodiments, such pharmaceutical {e.g., liposomal} compaositions comprise: one or more PEG-
modified lipids; one or more non-cationic lipids; and one or more cholesterol lipids. In
embodiments, such pharmaceutical {e.g., liposomal} compositions comprise: one or more PEG-

modified lipids and one or more cholesterol lipids.

{0262} in embodiments, a composition {e.g., lipid nanoparticie) that encapsulates a nucleic
acid {e.g., mRNA encoding a peptide or protein) comprises one or more compounds as described
herein {e.g., a compaund of Formulae (1}, (1), (1), or IV} such as Formulae {I-A), (1A}, (H-A}, or {iV-
A} or Compounds {1}-{4}) and one or more lipids selected from the group consisting of a cationic
lipid, a non-cationic lipid, and a PEGylated lipid.

f0263] in embodiments, a composition {e.g., lipid nanoparticle} that encapsulates a nucleic
acid {e.g., mRNA encoding a peptide or protein) comprises one or more compound as described
herein {e.g., a compound of Formulae {1}, {11}, (111}, or {1V} such as Formulae {I-A}, {1I-A}, {1I-A}, or {IV-
A} or Compounds {1}-{4}}; one or more lipids selected from the group consisting of a cationic lipid, a

non-cationic Hpid, and & PEGylated lipid; and further comprises a cholesterol-based lipid.
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f0264] in embeodiments, a lipid nanoparticie that encapsulates a nucleic acid {e.g., mRNA
encoeding a peptide or protein} comprises one or more compound as described herein {{e.g., 3
compound of Formulae (1), i1}, (1), or {IV} such as Formulae (I-A}, {lI-A), {1II-A}, or {IV-A} or
Compounds {1}-{4}}, as well as one or more lipids selected from the group consisting of a cationic

lipid, a non-cationic lipid, a PEGylated lipid, and a cholestercl-based lipid.

{0265} According to various embodiments, the selection of cationic lipids, non-cationic
lipids and/or PEG-modified lipids which comprise the lipid nanoparticle, as well as the relative maolar
ratio of such lipids to each other, is based upon the characteristics of the selected lipid(s}, the nature
of the intended target cells, the characteristics of the mRNA to be delivered. Additional
considerations include, for example, the saturation of the alkyl chain, as well as the size, charge, pH,
pKa, fusogenicity and toxicity of the selected lipid{s}). Thus, the molar ratics may be adjusted

accordingly.
Cationic Lipids

[0266] in addition to any of the compounds as described herein {{e.g., a compound of
Formutae {13, {11}, {1it]}, or {I¥) such as Formulae (I-A), (H-A), (H-A}, or (iV-A) or Compounds {1}-{4}}, a
composition may comprise one or more cationic lipids. In some embodiments, lipcsomes may
comprise one or more cationic lipids. As used herein, the phrase “cationic lipid” refers to any of a
number of lipid species that have a net positive charge at 2 selected pH, such as physiological pH.
Several cationic lipids have been described in the literature, many of which are commercially

available.

[0267] Suitable cationic lipids for use in the compositions include the cationic lipids as
described in International Patent Publication W 2010/144740, which is incorporated herein by
reference. In certain embodiments, the compositions include a cationic lipid, (62,92,282,312}-
heptatriaconta-8,9,28,31-tetraen-19-yl 4-{dimethylamino} butancate, having a compound structure

of:

NN \”/\[ff@ \(\\/ I N Tt W N NN
E (:) '\,./'A\ N\\/ f:::::::\../‘ ,«—.:::::::w ‘\,A

and pharmaceutically acceptable salts thereof.

[0268} Other suitable cationic lipids for use in the compositions include ionizable cationic

fipids as described in international Patent Publication WO 2013/143140, which is incorporated
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herein by reference. In some embodiments, the compositions include 3 cationic lipid of one of the

following formulas:

8 R
§ i
N N

2
£ b
/
“m b © ?

or a pharmaceutically acceptable salt thereof, wherein R; and R; are each independently
selected from the group consisting of hydrogen, an optionally substituted, variably saturated or
unsaturated Ci-Cop atkyl and an optionally substituted, variably saturated or unsaturated C5-Cop
acyl; wherein 4 and L; are each independently selected from the group consisting of hydrogen,
an optionally substituted C4-Cys alkyl, an optionally substituted variably unsaturated C4-Cys
alkenyl, and an optionally substituted C;-Csq alkynyl; wherein m and o are each independently
selected from the group consisting of zero and any positive integer (e.g., where m is three}; and

wherein n is zero or any positive integer {e.g., where n is onal.

[0269] In certain embodiments, the compositions include the cationic lipid {152, 18Z)-N,N-
dimethyi-6-{82,127}-octadeca-9,12-dien~ -yi} tetracosa- 15,18-dien-1-amine {(“HGT5000”), having a

compound structure of:

\ N ff’\\/fi\\/www\/ L N GF I N A N
| (HGT-5000)

and pharmaceutically acceptable salts thersof.

[0270] in certain embodiments, the compositions include the cationic Hpid {152, 18Z)-N,N-
dimethyi-6-{{92,122}-0ctadeca-9,12-dien-1-yl} tetracosa-4,15,18-trien-| -amine {("HGTS001"), having

a compound structure of:
N, o
\:‘Qf/\\/ f/ \AMW

i {HGT-5001)

and pharmaceutically acceptable salts thersof.
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[0271] In certain embodiments, the include the cationic lipid and {152,187)-N,MN-dimethyi-&-
{{92,122}-cctadeca-9,12-dien-1-yl} tetracosa-5,15,18-trien- 1 -amine {“HGT5002”), having a
compound structure of:
//’W\v/\/’m\/"m‘». NN
\"»». o f\ e

{HGT-5002)
and pharmaceutically acceptable salts thereof.

{0272} Cther suitable cationic lipids for use in the compositions include cationic lipids
described as aminocalcohol lipidoids in International Patent Publication WO 2010/053572, which is
incorporated herein by reference. In certain embodiments, the compositions include a cationic lipid
having a compound structure of:

CyoHzy

HO
(A~N*"\\fﬁ\f\N' Ciohtas
Cm”zrme/\wN\/' H{}j) OH
OM OH C oMoy
CigHes

and pharmaceutically acceptable salts thereof.

f0273} Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in International Patent Publication W0 2016/118725, which is incorporated herein by
reference. In certain embodiments, the compositions include a cationic lipid having a compound

structure of:

RN N Wl NPl NP g _f"fv\\w"" N N N W
\'v’ /"\\'\-/ A\./"”\wﬂ\w’” f\\»’ 7 N'\ f'/\\\i\; ‘/”\\»’ 'N‘\vff\\\_f/h\\_/ /\'\J*' "ﬁ\vf/\’\\,/ '

\\,f PN \w"‘f\\\/"/\\/’ /\\l‘/ 'N\..f/
and pharmaceutically acceptable salts thereof.

f0274} Other suitable cationic Hipids for use in the compositions include the cationic lipids as

described in international Patent Publication WO 2016/118724, which is incorporated herein by
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reference. In certain embodiments, the compaositions include a cationic lipid having a compound

structure of:

R W N
P T TN TN 3/’\1\3’/\ e N NN
R N N N N NP \/\N/\/N\,)
K,/\\f’\r’ B RN

and pharmaceutically acceptable salts thereof.

{0275} COther suitable cationic lipids for use in the compositions include a cationic lipid
having the formula of 14,25-ditridecy! 15,18,21,24-tetraaza-octatriacontane, and pharmaceutically
acceptable salts thereof.

[0276] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in International Patent Publications WO 2013/063468 and WO 2016/205681, each of
which are incorporated herein by reference. In some embodiments, the compositions include a

cationic lipid of the following formuia:
OH
R- kazst o
/LVN /I\
HO \/\/\( NH
3 ‘i. R

Q R

O

or pharmaceutically acceptable salts thereof, whersin each instance of R is independently

optionally substituted Ce-Cag alkenyl

§0277] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:
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OH
|
cmHm/\
? M
HO™ T o
CaoHay
NH
HN
O
N/\\/OH
CyoH {
1 CigHas
HO (CKK-E12)
and pharmaceutically acceptable salts thereof.
[0278] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:

HO e
1-’“*«;"’\\«//\‘\],«)\;,&_{ HO : -}8
(5 oM Ty
P o L__OH
-
M

{OF-02)
and pharmaceutically acceptable salts thereof.

[0279] in certain embodiments, the compositions include a cationic lipid having a

compound structure of:
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Q7
and pharmaceutically acceptable salts thersof.
[0280] in certain embodiments, the compositions include a cationic lipid having a
compound structure of:
D
J
.
7 e
2
e PN
HOT 0 7
A g Hajﬁg\;ﬁ
N ,
(T on o \[{«J\\/ \“/\k\
A F G ‘j,c:}-;
S
Mf\ i Je
et

and pharmaceutically acceptable salts thereof.
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f0281] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication W 2015/184256, which is incorporated herein by

reference. In some embodiments, the compositions include a cationic lipid of the following formula:

HyCHCHy o OH

NCHi-CH
(5H ) CHa

or a pharmaceutically acceptable salt thereof, wherein each X independently is O or 5; each ¥
independently is 0 or §; erach m independently is 0 to 20; each n independently is 1 to 6; each Ra
is independently hydrogen, optionally substituted C1-50 alkyl, optionally substituted C2-50
atkenyl, optionally substituted C2-50 alkynyl, optionally substituted C3-10 carbocychyl, optionally
substituted 3-14 membered heterocyclyl, optionally substituted C6-14 aryl, optionally
substituted 5-14 membered heteroaryl or halogen; and each Ry is independently hydrogen,
aptionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyi, optionally substituted
£2-50 alkynyi, optionally substituted C3-10 carbocyciyi, optionally substituted 3-14 membered
heterocyclyl, optionally substituted C6-14 aryl, optionally substituted 5-14 membered hetercary
or halogen. In certain embodiments, the compositions include a cationic lipid, “Target 23",

having a compound structure of:

O
Czo”m/iw HO! a
.»N /\{,}L HQ,, LGy H‘;
C§5H2~g ,/‘[\ 1 '\H/j\\\_,/”‘\\f;ﬁ"\ j
0 ~ ,\(Cse?‘fza
(it

(Target 23}

and pharmaceutically acceptable salts thereof.
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[0282] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication W 2016/004202, which is incorporated herein by
reference. In some embodiments, the compositions include a cationic lipid having the compound

structure:

R
(”‘c)”’g"m o R\ﬁ'{}
E“W\/\’)‘\NH Gj
- HNYWN
o";\R ! R?({}V}
O , wherein

o &
R= ?V/\\MW
or a pharmaceutically acceptable salt thereof.

{0283} in some embodiments, the compositions include a cationic lipid having the

compound structure:

or a pharmaceutically acceptable salt thereof,

[0284] In some embodiments, the compositions include a cationic lipid having the

compound structure:

{
{
-

[

or a pharmaceutically acceptable salt thereof.
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[0285] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in §. McClellan, M. C. King, Cell 2010, 141, 210-217 and in Whitehead et al., Nature
Communications {2014} 5:4277, which is incorporated herein by reference. In certain embodiments,

the cationic lipids of the compositions include a cationic lipid having a compound structure of:

CosHyr Caatay
OT,O Q,\\TQ
CiaHar Y (’
43
O\?r/\\’/?\i \J\i\f/\/"\f\r’\/N\/\E{/G\Caggsz
& ! | o

and pharmaceutically acceptable salts thereof.

{0286} COther suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication W0 20157198952, which is incorporated herein by
reference. In some embodiments, the compositions include a cationic lipid having the compound

structure:
i P N
N £
R N N R N N ‘KL//\\«' i
§]

L ‘

‘\.\1
{

A

L
) /{
K/'QW/ N NN N
O

and pharmaceutically acceptable salts thereof.

[0287] in some embodiments, the compositions include a cationic lipid having the

compound structure:
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and pharmaceutically acceptable salts thereof.

{0288} in some embodiments, the compositions include a cationic lipid having the

compound structure:

N N N N ", N, N
- vs
AW Tl Nl NPl o7
{

{
{
k N P N o P -
P N N N N N

~

and pharmaceutically acceptable salts thereof.

[0289] in some embodiments, the compositions include a cationic lipid having the

compound structure:
L~ \\f/\ s \\ /’\\/ /W RN v/‘\\v N \v/’\‘\//

l 994

\///\\J//\ M
0

and pharmaceutically acceptable salts thereof.

{0280} in some embodiments, the compositions include a cationic lipid having the

compound structure:
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| NP NP NN
e "P'J“\\/\\ . /W A\\,/\/ - e \,\/\\,f’d

L

\v/»\\,/’\_//‘/\;((} N \V/E»\V/ /\\//\\ //\\ \v‘//..
5

and pharmaceutically acceptable salts thereof.

f0291} In some embodiments, the compositions include a cationic lipid having the

compound structure:

s ,DW
PRV NN NP j

'\A\./ “\’\/"‘A\//\\]f’éo \r/\\//\\\.//\\/\\// N

and pharmaceutically acceptable salts thereof.

{0252} in some embodiments, the compositions include a cationic lipid having the

compound structure:

’\\/’\\,/!
U"\\’v"u\fi/’»‘\f’ »\J'A\f/
N j
RN N N,/\vf’\\_ NN fA\V/A\\J//

I\/\ff/\\v/f\v’/\\rf’ﬂ\v" o e

¢
and pharmaceutically acceptable salts thersof.

[0253] In some embodiments, the compositions include a cationic lipid having the

compound structure:
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f/W\v/
- N\/ﬁ\\ N Tl N U\J R PV N N
kv/I HE N P N

- O’“\/ e N N W g N

¢
8

and pharmaceutically acceptable salts thereof.
[0294] In some embodiments, the compositions include a cationic lipid having the
compound structure:
P N NP
3 A S W NP
PN NN AN e
l\v/ A\v’”\/"\wr"ovj\v/\/w’\/\v/

0
and pharmaceutically acceptable salts thereof.

f0295] in some embodiments, the compositions include a cationic lipid having the

compound structure:

Q

l QXTrG\. ’\\\/"\\ .///,\\\~
e N \\//’”\ N T \\ /‘r\v.r"\v/"'\\v./ /f\v/f\\

K/’)\\\vf»\\v/»\\vf/« "\?‘(/’O i”\ \\vf» .I'/’\\

8

NE NN

and pharmaceutically acceptable salts thereof.

[0296] in some embodiments, the compositions include a3 cationic lipid having the

compound structure:
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(\ e N

N ™ \/’\V/\Tf’/ﬂ\’/’ S TN TN

\'\‘ e O\/ \\\/A\\,,f/'\\,//‘\// g

|

)
and pharmaceutically acceptable salts thereof.

[0297] in some embodiments, the compositions include a cationic lipid having the

compound structure:
| TN
LN IRl el \i(/{’\“/L o
PR e
L\ﬂ/‘:’\/i\/"\/"\/’\\,/

s}
and pharmaceutically acceptable salts thereof.

{0258} in some embodiments, the compositions include a cationic lipid having the
compound structure:
i 0

TN

SN

- \\ N Nz’A RPN NP Nl \Of/u \["'\\_,-/ TN N

and pharmaceutically acceptable salts thereof.

f0299] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication WO 2017/004143, which is incorporated herein by
reference. In some embodiments, the compositions include a cationic lipid having the compound

structure:
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and pharmaceutically acceptable salts thereof.

f0300] In some embodiments, the compositions include a cationic lipid having the
compound structure:

-

3 OY'\\./‘\/“\,

PANFS VL ST N N TN TN T e T,
e TN TN

and pharmaceutically acceptable salts thereof.

{0301} in some embodiments, the compositions include a3 cationic lipid having the

compound structure:

NI N e o

: Q
-~ \J R N N. /\\/\fjj\*{:}f"\\ AN
e T
;;\Q ML N N\

B
and pharmaceutically acceptable salts thereof.

[0302] in some embodiments, the compositions include a cationic lipid having the

compound structure:

| O N NP N /C/\/
R N (\/\/\\/“\/L RV N
S

T
% ey ’

and pharmaceutically acceptable salts thereof.
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f0303] In some embodiments, the compositions include a cationic lipid having the

compound structure:

O\\x’\x’\\/‘\/"\. G MV NP

SRNCOCRSooNg
N /(/\;:\/'
{)"j\g’ PN

and pharmaceutically acceptable salts thereof.

{0304} in some embodiments, the compositions include a cationic lipid having the

compound structure:

{:}Y e NI e N 0
* I
vaf\,\ v/N N N 5 ,r\\(\ P NN
NP N NP NI N
o ".:}/ R N N N

'\-.v.fj\'\v/f\\,
and pharmaceutically acceptable salts thereof.

{0305} in some embodiments, the compositions include a cationic lipid having the
compound structure:

i QYA\/%/\ 9
P NN \T/\f’\vf’\f’\\/&(}f\[r’\/’\ff\x’”\

o~ OJ‘" \(\/\/w
R NI

and pharmaceutically acceptable salts thereof.

[0306] in some embodiments, the compositions include a cationic lipid having the

compound structure:
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and pharmaceutically acceptable salts thereof.

f0307] In some embodiments, the compositions include a cationic lipid having the

compound structure:

QNMWN N SN

o G/\i\/\w/ﬁ\\‘f\\
~
and pharmaceutically acceptable salts thereof.

{0308} in some embodiments, the compositions include a cationic lipid having the

compound structure:

QW )/\Q I

~ N N N T"’\v/\v/‘\ .

S N MAOJKR/ "
N

and pharmaceutically acceptable salts thereof.

{0308} in some embodiments, the compositions include a3 cationic lipid having the

compound structure:
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and pharmaceutically acceptable salts thereof.

{0310} in some embodiments, the compositions include a cationic lipid having the

compound structure:

i
N W I g
L

\/\/\ﬁ\ \f”\.
i Q/\C/\:\\/\

and pharmaceutically acceptable salts thereof.

{0311} in some embodiments, the compositions include a3 cationic lipid having the

compound structure:
03
| W r'}

PP NN\ &
f\mj\ JJ\CM’A\

and pharmaceutically acceptable salts thereof.

{0312} in some embodiments, the compositions include a cationic lipid having the

compound structure:
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| OY\/\//\/’“\ M\/

N S N N g \WOW\/\,«/\\.«"
YOOY
0 P N

and pharmaceutically acceptable salts thereof.

G

f0313] In some embodiments, the compositions include a cationic lipid having the

compound structure:

3 (3
PP N \/N\.C./\/\\r( \/C/\/

W

and pharmaceutically acceptable salts thereof.

{0314} in some embodiments, the compositions include a cationic lipid having the

compound structure:

Oxg- P

LT

and pharmaceutically acceptable salts thereof.

f0315] In some embodiments, the compositions include a cationic lipid having the

compound structure:

69

SUBSTITUTE SHEET (RULE 26)



WO 2020/097376 PCT/US2019/060335

OM\AM P g
N SNl N N \C Q R NP N Nl N

PN

and pharmaceutically acceptable salts thereof.

{0316} Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication WO 2017/075531, which is incorporated herein by

reference. In sorme embodiments, the compositions include a cationic lipid of the following formula:

3
R g
Ll N 12

or 2 pharmaceutically acceptable salt thereof, wherein one of L or 175 -O{C=0)-, -{C=030-, -
C{=0)-, -O-, -S{0), -5-5-, -C(=0)5-, -SC{=0}-, -NRCL=0}-, -C{=0)NR™, NRPC{=0INR®-, -OC{=0INR™,
ar -NREC{=0)0-; and the other of L ar L2 is -O(C=0})-, -{C=0)0-, -Cl=0)-, -O-, -5(0) 4, -5-$-, -C(=0)S-
, SC{=0}-, -NRC{=0}-, -C{=0}NR®-, NRC{=0INR®-, -OC{=0)NR® or -NR*C{=0}0- or a direct bond;
G* and G are each independently unsubstituted C,-Cy, alkylene or C-Cy; alkenviene; G¥ is C1-Cys
atkylene, Ci-Cyg alkenylene, Co-Cg cycloaliylene, Cs-Cs cycloalkenylene; R is H or Ci-Cyy alkylh; R?
and R? are each independently Cs-Coq alkyl or Co-Cus alkenyl: R3 is H, OR®, CN, -C(=0)OR?, -
OC{=0}R* or -NR® {{=0R% R* i5 C:-Cy; atkyl; R¥is H or C1-Ce atkyl; and xis 0, 1 or 2.

[0317] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in international Patent Publication WO 2017/117528, which is incorporated herein by
reference. In some embodiments, the compositions include a cationic lipid having the compound

structure:

O
NN ffla N NP '\O/EJ‘\ e TN N TN
| Q \/"‘\: o M NN
3\\/’ I ryte ! Sl NPl N
\L\/"\,/\\

and pharmaceutically acceptable salts thereof.
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f0318] In some embodiments, the compositions include a cationic lipid having the

compound structure:

[’ NN N
\'N'I\V’,\\{}’D AN Nva\\f/\\f’f\f{chv/ NVl NP g
: O R e O

o~ . -
N -

\ﬁr'av e
C

and pharmaceutically acceptable salts thereof.

{0319} in some embodiments, the compositions include a cationic lipid having the

compound structure:
i %
/.N\ TN V/\\n JO\ \(/\_ N N /‘\,v/-’\o/u\ PP N e NPy

) \/I o S
NP \QfJ:\\ I N PN

(vf”\/"\

and pharmaceutically acceptable salts thersof.

{0320] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in International Patent Publication WO 2017/049245, which is incorporated herein by
reference. In some embodiments, the cationic lipids of the compositions and methods of the

present invention include a compound of one of the following formulas:

O

(W\)L\C,f\/‘ww
IS &

o

MGW

’
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O
(/\/B\OW
(SO , and

O

r/\/\/&@mmww
a7 0 )

and pharmaceutically acceptable salts thereof. For any one of these four formulas, Ry is
independently selected from -{CH,),,Q and -{CH;} ,\CHQOR; Q is selected from the group consisting
of -0OR, -OH, -O{CH}nMN(R};, -OC(O]R, -CX;, -CN, -N{RIC{OIR, -N{H)}C{OIR, -N{R}5{O):R, -N{HIS{O}:R,
-N{RIC{OIN{R ), ~N{HJC{OIN{RY,, -N{HIC{OIN{H}R], -N{RJC{SIN{R},, -N{HIC{SIN{R},, -
N{H}C{SIN(H}R), and a hetercoycle; R is independently selected from the group consisting of Cia

allyl, Gz alkenyl, and H; and nis 1, 2, or 3.

0321} in certain embodiments, the compositions include a cationic lipid having a

compound structure of:

O
LV N S
Y/’\/V\/Jl\@
" NM
o ,;\ m
0”7 0
and pharmaceutically acceptable salts thereof.

[0322] in certain embodiments, the compositions include a cationic lipid having a

compound structure of:

)

PN NP UN
e Ueoed
a7 0

and pharmaceutically acceptable salts thersof.
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[0323] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:

o

(/’\/\/H\OW
Ho”\w‘\‘\/\/\/l m
e

and pharmaceutically acceptable salts thereof.
{0324} in certain embodiments, the compositions include a cationic lipid having a
compound structure of:

G

NLOW
eI 0T
O ()

and pharmaceutically acceptable salts thereof.

[0325] Other suitable cationic lipids for use in the compositions include the cationic lipids as
described in International Patent Publication WO 2017/173054 and WO 2015/095340, each of which

is incorporated herein by reference.

f0326] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:

Q
_/\V/\V/r«'"«'\vx:«':\,f\v,ﬁxwf\\/&\ 3 o
e %’\a’i‘g”\v”\&"\
S \\,»’”\/'\«Q\}f”\fu\{}f t\
R N NP NP

and pharmaceutically acceptable salts thereof.

f0327} In certain embodiments, the compositions include a cationic lipid having a

compound structure of:
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\NWO\//\\M/’\OJ\/\W\,/A\
ol

O‘V/\VWQ)L\/W SN

and pharmaceutically acceptable salts thereof.

f0328] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:

'\\/,»\,\ :}\K’ \v//\\v//\\v//\//\ AN
O K\,\‘ j/’i\T
N N N NP -~

07 TG T

-~ \\!,u S
O\\I' B N NP \J
) P f
i“\‘\“/’

and pharmaceutically acceptable salts thereof.

[0329] In certain embodiments, the compositions include a cationic lipid having a

compound structure of:

r,i\.i

.

o%,,o\ A

\[’\\/\f \v’\/’\v L/"‘\/
\7

O N N N

and pharmaceutically acceptable salts thereof.

f0330] Other suitable cationic fipids for use in the compositions include cholesterol-based
cationic lipids. in certain embodiments, the compositions include imidazole cholesterol ester or

“ICE”, having a compound structure of:
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- © 7
Nt
N (ICE)
and pharmaceutically acceptable salts thereof.
f0331]} Other suitable cationic lipids for use in the compositions include cleavable cationic

fipids as described in international Patent Publication WO 2012/1708889, which is incorporated
herein by reference. In some embodiments, the compositions include a2 cationic lipid of the
following formula:

3 /‘/'\3\ ﬂ,‘/"" 2
ReU o8-8

wherein R; is selected from the group consisting of imidazole, guanidinium, aming, imine,
enamineg, an opticnally-substituted alkyl amino {g.g., an alkyl amino such as dimethylamino) and

pyridyl; wherein R; is selected from the group consisting of one of the following two formulas:

i | ':, ’J.\wm‘\ . e R?;
; f'TJ\.\?f;\ . zw“” "z:; ‘/\\Y‘_ ﬁr\.{}
N /L fi’*‘w") ‘ h .
* L ‘ < I O‘\R
5322 Ry : and 4

and wherein R; and Rsare each independently selected from the group consisting of an
optionally substituted, variably saturated or unsaturated Ce-Cyo alkyl and an optionally
substituted, variably saturated or unsaturated Ce-Ca acyl; and wherein n is zero or any positive
integer {e.g., one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,

fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty or more}.

{0332} in certain embodiments, the compaositions include a cationic lipid, “HGT40017,

having a compound structure of:
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N A ~
5~8
<
N (HGT4001)
and pharmaceutically acceptable salts thereof.
[0333] In certain embodiments, the compaositions include a cationic lipid, “HGT4002”,

having a compound structure of:

/‘“\" .z/\ﬂ‘r‘"
J\},Lf |

+
M \»:?,. i \’/\’S'WSJ

NH, (HGT4002)

and pharmaceutically acceptable salts thereof.

{0334} In certain embodiments, the compositions include a cationic lipid, “HGT4003”,

having a compound structure of:

o N \"A\S“g ‘ g

{HGT4003)
and pharmaceutically acceptable salts thereof.

{0335} in certain embodiments, the compaositions include a cationic lipid, "HGT4004”,

having a compound structure of:

§ SN /’\\(\"O”’\\r’.\yf P Dt "::‘:l\\x"/'\\/";"\
¢ N .
N- 18 R N P L Vo NS SR P S

(HGTA004)

and pharmaceutically acceptable salts thereof.
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f0336] in certain embodiments, the compoesitions include a cationic lipid “HGT4005”,
having a compound structure of:
N
HN = H’"’ S8

(HGT4005)
and pharmaceutically acceptable salts thereof.

f0337] In some embodiments, the compositions include the cationic lipid, N-[i-{2,3-
diolevioxyipropyl]-N,N,N-trimethylammonium chloride {(“DOTMA"). (Feigner et al. (Proc. Nat'l Acad.
Sci. 84, 7413 {1887}; U.S. Pat. No. 4,897,355, which is incorporated herein by reference). DOTMA
can be formulated alone or can be combined with a neutral lipid {e.g., dioleoyliphosphatidyi-
ethanolamine or “DOPE"} or still other cationic or non-cationic lipids into a liposomal transfer vehicle
or a lipid nanoparticle, and such liposomes can be used to enhance the delivery of nucleic acids into
target cells. Other cationic lipids suitable for the compositions include, for example, 5-
carboxyspermylglycinedioctadecylamide {“DOGS”); 2,3-dicleyloxy-N-[2{spermine-
carboxamidolethyl]-N,N-dimethyi-l-propanaminium {"DOSPA”} {Behr et al. Proc. Nat.'l Acad. Sci. 86,
6982 {1989}, U.S. Pat. No. 5,171,678; U.S. Pat. No. 5,334,761); |,2-Dicleoyl-3-Dimethylammonium-
Propane {("DODAP"); |, 2-Dicleoyl-3-Trimethylammonium-Propane (“DOTAP”).

{0338} Additional exemplary cationic lipids suitable for the compositions also include: |,2-
distearvioxy-N,N-dimethyl-3-aminopropane { “DSDMA"}; 1,2-dioleyloxy-N,N-dimethyi-3-
aminopropane (“DODMA”Y,; 1 ,2-dilinoleyloxy-N,N-dimethyl-3-aminopropans {“DLinDMA”}; |,2-
dilinolenyioxy-N,N-dimethyil-3-aminopropane {"DlenDMA"}; N-dicleyl-N,N-dimethylammonium
chioride {"DODAC"}; N N-distearyl-N,N-dimethylarnrnonium bromide {"DDAB”Y; N-{1,2-
dimyristyloxyprop-3-vij-N,N-dimethy-N-hydroxyethyl ammonium bromide (“DMRIE"); 3-
dimethylamino-2-{cholest-5-en-3-beta-oxybutan-4-oxy}-i-(cis,cis-9,12-octadecadienoxylpropane
{(“CLInDMA”); 2-[5'-{cholest-5-an-3-beta-oxy}-3'-oxapentoxy}-3-dimethy H-{cis,cis-9', I-2'-
octadecadienoxylpropane {(“CplinDMA”}; N, N-dimethyi-3,4-dicleyloxybenzylamine {“DMOBA"); 1,2~
N, N'-diolevicarbamyl-3-dimethylaminopropane {“DOcarbDAP”}; 2,3-Bilincleoyloxy-N,N-
dimethyipropylamine {"DLinDAP"}; 1,2-N,N'-Dilincleylcarbamyl-3-dimethylaminopropane
{“DlincarbDAP"}; 1,2-Dilinoleoylcarbamyl-3-dimethyiaminopropane {("DLInCDAP”}; 2,2-dilincleyi-4-
dimethylaminomethyi-{,3]-dioxolane {“DLin-K-DMA”}; 2-({8-{{3P}-cholest-5-en-3-yloxy]octyljoxy}-N,
N-dimethyl-3-{{92, 12Z}-octadeca-8, 12-dien-1 -yvioxylpropane-1-amine (“Gciyl-CLInDMA”Y; (2R)-2-
{{8-[(3beta}-cholest-5-en-3-vioxyloctylioxy)-N, N-dimethyl-3-[{9Z, 12Z}-octadeca-3, 12-dien-1-
vioxylpropan-1 -amine {"Octyl-CLInDMA {2R}7); {25}-2-{{8-[{3P}-cholest-5-en-3-yloxyloctylloxy}-N, fsh-
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dimethvh3-{{9Z, 127)-octadeca-9, 12-dien-1 -vioxylpropan-1 -amine {“Octyl-CLinDBMA (25)7); 2,2-
dilincleyl-4-dimethylaminocethyl-{i, 3}-dicxolane {“DLin-K-XTC2-DMA"}; and 2-{2,2-di{{8Z,12Z}-
octadeca-9,1 2-dien- 1-yl}-t ,3-dioxolan-4-yi}-N, N-dimethyiethanamine {"DLIn-KC2-DMA”} {see, WO
2010/042877, which is incorporated herein by reference; Semple et al., Nature Biotech. 28: 172-176
(2010)). (Heyes, 1, et 21, § Controlled Release 107: 276-287 {2005); Maorrissey, DV, et al., Nat.
Biotechnol. 23(8}): 1003-1007 {2005); International Patent Publication WO 2005/121348). In some
embodiments, one or more of the cationic lipids comprise at least one of an imidazele, dialkylamino,

or guanidinium moiety.

{0339} in some embodiments, one or more cationic lipids suitable for the compositions
include 2,2-Dilinoleyi-4-dimethylaminoethyl-[1,3]-dioxolane {“XTC"}; (3aR,55,6aS5)-N,N-dimethyl-
2,2-di{{9Z,12Z}-octadeca-8,12-dienyijtetrahydro-3aH-cyclopentaid] [1,3]dioxol-5-amine {"ALNY-
100"} and/or 4,7,13-tris{3-oxo-3-{undecylaminolproepyl}-N1,N16-diundecyl-4,7,10,13-

tetraszahexadecane-1,16-diamide {"NCIR-5"].

{0340} in some embodiments, the compositions include ane or more cationic lipids that
constitute at least about 5%, 10%, 20%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70%,
measured by weight, of the total Hipid content in the composition, e.g., a lipid nanoparticle. In some
embodiments, the compositions include one or more cationic lipids that constitute at least about
5%, 10%, 20%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70%, measured as a mol %, of the total
lipid content in the compaosition, e.g., a lipid nanoparticle. In some embodiments, the compositions
include one or more cationic lipids that constitute about 30-70 % {e.g., about 30-65%, about 30-60%,
about 30-55%, about 30-50%, about 30-45%, about 30-40%, about 35-50%, about 35-45%, or about
35-40%), measured by weight, of the total lipid content in the composition, e.g., a lipid nancparticle.
in some embodiments, the compositions include one or more cationic lipids that constitute about
30-70 % {e.g., about 30-65%, about 30-60%, about 30-55%, about 30-50%, about 30-45%, about 30-
40%, about 35-50%, about 35-45%, or about 35-40%), measurad as mol %, of the total lipid content
in the composition, e.g., a lipid nanoparticle.

Helper Lipids
f0341} Compositions {e.g., liposomal compositions} may alsc comprise one or more helper
lipids. Such helper lipids include non-cationic lipids. As used herein, the phrase “non-cationic Hpid”
refers to any neutral, zwitterionic or anionic lipid. As used herein, the phrase “anionic lipid” refers to
any of a number of lipid species that carry a net negative charge at a selected pH, such as
physiclogical pH. Non-cationic lipids include, but are not limited to, distearoyiphosphatidyicheline

{BSPC), dicleoyiphosphatidyicholine {DOPC), dipalmitoylphosphatidyicholine {(DPPC),
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dioleayiphosphatidviglycerol (DOPG), dipaimitoyighosphatidylglycerol (DPPG),
dioleoviphosphatidyiethanolamine {DOPE}, palmitovioleoviphosphatidylcholine (POPC),
paimitovicteoyl-phosphatidylethanolamine {POPE), disleoyi-phosphatidylethanolamine 4-{N-
maleimidomethylj-cyclohexane-l-carboxylate {DOPE-mal), dipalmitoyl phosphatidyl ethanolamine
{(DPPE), dimyristoyiphosphoethanclamine (DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE}, 16-
O-monomethyl PE, 16-O-dimethyl PE, 18-1-trans PE, I-stearoyl-2-oleoyl-phosphatidyethanclamine
{SGPE}, or a mixture therecf. In embodiments, a non-cationic or helper lipid is

dioleayiphosphatidyiethanolamine {DOPE].

[0342] in some embodiments, a non-cationic Hpid is a neutral lipid, i.e., a lipid that does not

carry a net charge in the conditions under which the composition is formulated and/or administered.

f0343] in some embodiments, a non-cationic Hipid may be present in a molar ratio {mol%} of
about 5% to about 90%, about 5% to about 70%, about 5% to about 50%, about 5% to about 40%,
about 5% to about 30%, about 10 % to about 70%, about 10% to about 50%, or about 10% to about
40% of the total lipids present in a composition. In some embodiments, total non-cationic lipids may
be present in a molar ratio (mol%) of about 5% to about 30%, about 5% o about 70%, about 5% 1o
about 50%, about 5% to about 40%, about 5% to about 30%, about 10 % to about 70%, about 10% to
about 50%, or about 10% to about 40% of the total lipids present in a composition. In some
embodiments, the percentage of non-cationic lipid in 2 liposome may be greater than about 5 mol,
greater than about 10 mol%, greater than about 20 mol%, greater than about 30 mol%, or greater
than about 40 mol%. in some embodiments, the percentage total non-cationic lipids in a liposome
may be greater than about 5 mol%, greater than about 10 mol%, greater than about 20 mol%,
greater than about 30 mol%, or greater than about 40 mol%. In some embodiments, the percentage
of non-cationic lipid in a liposome is no more than about 5 mol%, no more than about 10 mol%, no
more than about 20 mol%, no more than about 30 mol%, or no more than about 40 mol%. in some
embodiments, the percentage total non-cationic lipids in a liposome may be no more than about 5
mol%, no more than about 10 mol%, no more than about 20 mol%, no more than about 30 mol%, or

no more than about 40 mol%.

[0344] in some embodiments, a non-cationic Hipid may be present in a weight ratio {wt9%) of
about 5% to about 90%, about 5% to about 70%, about 5% to about 50%, about 5% to about 40%,
about 5% to about 30%, about 10 % to about 70%, about 10% to about 50%, or about 10% to about
40% of the total lipids present in a composition. In some embodiments, total non-cationic lipids may
be present in a weight ratic {wiSt) of about 5% to about 90%, about 5% to about 70%, about 5% to
about 50%, about 5% to about 40%, about 5% to about 30%, about 10 % to about 70%, about 10% to

about 50%, or about 10% to about 40% of the total lipids present in a composition. In some
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embodiments, the percentage of non-cationic lipid in a liposome may be greater than about 5 wt%,
greater than about 10 wid, greater than about 20 wi%, greater than about 30 wt%, or greater than
about 40 wit%. In some embodiments, the percentage total non-cationic lipids in a lipcsome may be
greater than about 5 wt%, greater than about 10 wt%, greater than about 20 wt%, greater than
about 30 wi%, or greater than about 40 wt%. In some embodiments, the percentage of non-cationic
lipid in 2 liposome is no more than about 5 wit%, no more than about 10 wt%, no more than about
20 wi%, no more than about 30 wit%, or no more than about 40 wit%. In some embodiments, the
percentage total non-cationic lipids in a liposome may be no more than about 5 wt%, nc more than
about 10 wt%, no more than about 20 wt¥%, no more than about 30 wi%, or no more than about 40

widh,
Cholesterol-based Lipids

[0345] In some embodiments, 2 composition {e.g., a liposomal compaosition} comprises one
ar more cholesteral-based lipids. For example, suitable cholesteroi-based lipids include cholesterol
and, for example, DC-Chol (N, N-dimethyl-N-ethylcarboxamidocholestercl}, 1,4-bis{3-N-cleylamino-
propyllpiperazine {Gao, et al. Blochem. Biophys. Res. Comm. 179, 280 {1891}; Wolif et al.
BioTechnigues 23, 139 (1997); U.5. Pat. No. 5,744,335), or imidazole cholestercl ester (iCE), which

has the following structure,

iNH (“ICE”).

f0346] in some embodiments, a cholestercl-based lipid may be present in a molar ratio
{mol%} of about 1% to about 30%, or about 5% to about 20% of the total lipids present in a
liposome. in some embodiments, the percentage of cholesterol-based lipid in the lipid nanoparticle
may be greater than about 5 mol%, greater than about 10 mol%, greater than about 20 mol%,
greater than about 30 mol%, or greater than about 40 mol%. in some embodiments, the percentage
of cholesterol-based lipid in the lipid nanoparticle may be no more than about 5 mol%, no more than
about 10 mol%, no more than about 20 mol%, no more than about 30 mol¥%, or no more than about

40 mol%.
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[0347] In some embodiments, a cholesterol-based lipid may be present in a weight ratio
{wit%} of about 1% to about 30%, or about 5% to about 20% of the total Hipids present in a liposome,
In some embodiments, the percentage of cholesterci-based lipid in the lipid nanoparticle may be
greater than about 5 wt%, greater than about 10 wt%, greater than about 20 wt%, greater than
about 30 wi%, or greater than about 40 wt%. In some embodiments, the perceniage of cholesterol-

based lipid in the lipid nanoparticle may be no maore than about 5 wi%, no more than about 10 wid%,

no more than about 20 wi%, no more than about 30 wit%, or no more than about 40 wit%.
PEGylated Lipids

0348} in some embodiments, a composition {e.g., a liposomal composition) comprises one

or more further PEGylated lipids.

0349} For example, the use of polyethylene glycol {(PEG)-modified phospholipids and
derivatized lipids such as derivatized ceramides {PEG-CER}, including N-octanovl-sghingosine-1-
[succinyl{rmethoxy polyethylene glycol}-2000] (C8 PEG-2000 ceramide) is also contemplated by the
present invention in combination with one or more of compounds describad herein {(e.g., a
compound of Formulae (1), {1}, (U, or {IV} such as Formulae (1-A), {1I-A), {IH-A), or {IV-A} or
Compounds {134} and, in some embodiments, other lipids together which comprise the liposome.
in some embodiments, particularly useful exchangeable lipids are PEG-ceramides having shorter acyl

chains {e.g., Cys or Cigl.

{0350} Contemplated further PEG-modified lipids {(also referred to herein as a PEGylated
lipid, which term is interchangeable with PEG-modified lipid} include, but are not limited to, a
polyethylene glycol chain of up to 5 kDa in length covalently attached to a lipid with alkyl chain(s) of
Cs-Coo length. In some embodiments, a PEG-modified or PEGyiated lipid is PEGylated cholesterol or
PEG-2I. The addition of such components may prevent complex aggregation and may also provide a
means for increasing circulation lifetime and increasing the delivery of the lipid-nucieic acid

compaosition to the target cell, {Klibanov et al. {1990} FERS Letters, 268 {1): 235-237), or they may be

selectad to rapidly exchange out of the formulation in vivo {see UL.S. Pat. No. 5,885,613},

[0351] Further PEG-modified phospholipid and derivatized lipids of the present invention
may be prasent in a molar ratic {mol%) from about 0% to about 15%, about 0.5% to about 15%,
about 1% to about 15%, about 4% to about 109%, or about 2% of the total lipid present in the
composition {e.g., a liposomal composition).

f0352] Further PEG-modified phospholipid and derivatized lipids of the present invention

may be prasent in a weight ratio {(wt%) from about 0% to about 15%, about 0.5% to about 15%,
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about 1% to about 15%, about 4% to about 10%, or about 2% of the total Hpid present in the

composition {e.g., a Hposomal composition).
Pharmaceutical Formulations and Therapeutic Uses

f0353] Compounds described herein {e.g., a compound of Formulae (13, (it), (11, or {IV} such
as Formulae {I-A}, {H-A}, (1A}, or {IV-A} or Compounds {1}-{4}} may be used in the preparation of
compaositions {e.g., to construct liposomal compositions) that facilitate or enhance the delivery and
release of encapsulated materials {e.g., one or more therapeutic polynucleotides) to one or more

target cells {e.g., by permeating or fusing with the lipid membranes of such target ceils).

f0354] For example, when a liposomal composition {e.g., a lipid nanoparticle) comprises or
is otherwise enriched with one or more of the compounds disciosed hersin, the phase transition in
the lipid bilayer of the one or more target cells may facilitate the delivery of the encapsuiated
materials (e.g., one or more therapeutic polynuclectides encapsulated in a lipid nanoparticle) into

the one or more target celis.

f0355] Similarly, in certain embodiments compounds described herein {e.g., a compound of
Formulae {13, {11}, (11}, or {IV) such as Formulae (I-A), (H-A), {I11-A}, or (IV-A) or Compounds {1}~{4}}
may be used to prepare liposomal vehicles that are characterized by their reduced toxicity in vivo. In
certain embodiments, the reduced toxicity is a function of the high transfection efficiencies
associated with the compositions disclosed herein, such that a reduced quantity of such composition

may administered to the subject to achieve a desired therapeutic response or outcome.

{0356} Thus, pharmaceutical formulations comprising a compound described {e.g., a
compound of Formulae (1), {il}, (1), or {1V} such as Formulae (i-4}, (li-A), {IlI-A}, or {IV-A} or
Compounds {1)-{4}} and nucleic acids provided by the present invention may be used for various
therapeutic purposes. To facilitate delivery of nucleic acids in vivo, a compound describad herein
{e.q., a compound of Formulae {1}, (11}, {11}, or {IV} such as Formulae (I-A}, {lI-A}, {lII-A), or {IV-A} or
Compounds {1}-44}} and nucleic acids can be formulated in combination with one or more additional
pharmaceutical carriers, targeting ligands or stabilizing reagents. In some embodiments, a
compound described herein {e.g., 2 compound of Formulae (1}, (11}, (I, or {IV} such as Formulae (I-
A, (H-A), {IH-A), or (iV-A) or Compounds {1}-{4}]} can be formulated via pre-mixed lipid solution. in
acther embodiments, a composition comprising a compound described herein {e.g., a compound of
Formulae {1}, {1}, {111}, or {1V} such as Formulae {I-A), (HI-A), {I11-A), or (IV-A} or Compounds {1}-{4}} can
be formulated using post-insertion technigues into the lipid membrane of the nanoparticles.

Technigues for formulation and administration of drugs may be found in “Remington’s

Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition.
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f0357] Suitable routes of administration inciude, for exampie, oral, rectal, vaginai,
transmucosal, pulmonary including intratracheal or inhaled, or intestinal administration; parenteral
delivery, including intradermal, transdermal (topical), intramuscular, subcutaneous, intramedullary
injections, as well as intrathecal, direct intraventricular, intravenous, intraperitoneal, or intranasal.
in particular embodiments, the intramuscular administration is to a muscle selected from the group
consisting of skeletal muscle, smooth muscle and cardiac muscle. In some embodiments the
administration results in delivery of the nucleic acids to a muscle cell. In some embodiments the

administration results in delivery of the nucleic acids to a hepatocyte {i.e., liver cell).

{0358} Alternatively or additionally, pharmaceutical formulations of the invention may be
administered in a local rather than systemic manner, for example, via injection of the
pharmaceutical formulation directly into a targeted tissue, preferably in a sustained release
formulation. Local delivery can be affected in various ways, depending on the tissue 1o be targeted.
Exemplary tissues in which delivered mRNA may be delivered and/or expressed include, but are not
fimited to the liver, kidney, heart, spleen, serum, brain, skeletal muscle, lvmph nodes, skin, and/or
cerebrospinal fluid. In embodiments, the tissue to be targeted in the liver. For example, aerosols
containing compositions of the present invention can be inhaled {for nasal, tracheal, or bronchial
delivery); compaositions of the present invention can be injected into the site of injury, disease
manifestation, or pain, for example; compositions can be provided in lozenges for oral, tracheal, or
esophageal application; can be supplied in liguid, tablet or capsule form for administration to the
stomach or intestines, can be supplied in suppository form for rectal or vaginal application; or can

even be delivered to the eye by use of creams, drops, or even injection.

{0359} Compositions described herein can comprise mRNA encoding peptides including

those described herein (e.g., a polypeptide such as a protein).

{0360} in embodiments, a mRNA encodes a polypeptide.
{0361} in embodiments, a mRNA encodes a protein.
0362} Exemplary peptides encoded by mRNA {e.g., exemplary proteins encoded by mRNA)

are described herein,

{0363} The present invention provides methods for delivering a compaosition having full-
length mRNA molecules encoding a peptide or protein of interest for use in the treatment of a
subject, e.g., a human subject or a cell of a human subject or a cell that is treated and delivered to a

human subject.
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f0384] Accordingly, in certain embodiments the present invention provides a method for
producing a therapeutic composition comprising full-length mRNA that encodes a peptide or protein
for use in the delivery to or treatment of the lung of a subject or a lung cell. In certain embodiments
the present invention provides a method for producing a therapeutic composition having full-length
mRMNA that encodes for cystic fibrosis transmembrane conductance regulater {CFTR) protein. in
certain embodiments the present invention provides a method for producing a therapeutic
composition having full-length mRNA that encades for ATP-binding cassetie sub-family A member 3
protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for dynein axonemal intermediate
chain 1 protein. in certain embodiments the present invention provides a method for producing a
therapeutic composition having fuli-length mRNA that encodes for dynein axonemal heavy chain &
{(DNAHS) protein. in certain embodiments the present invention provides a method for preducing a
therapeutic composition having full-length mRNA that encodes for alpha-1-antitrypsin protein. In
certain embodiments the present invention provides a method for producing a therapeutic
composition having full-length mRNA that encodes for forkhead box P3 (FOXP3) protein. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encedes one or more surfactant protein, e.g., one or more of

surfactant A protein, surfactant B protein, surfactant C protein, and surfactant D protein.

[0365] in certain embodimants the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes 3 peptide or protein for use in the
delivery to or treatment of the liver of a subject or a liver cell. Such peptides and polypeptides can
inciude those associated with a urea cycle disorder, associated with a lysosomal storage disorder,
with a glycogen storage disorder, associated with an aming acid metabolism disorder, associated
with a lipid metabolism or fibrotic disorder, associated with methylmalonic acidemia, or associsted
with any other metabolic disorder for which delivery to or treatment of the liver or a liver cell with

enriched full-length mRNA provides therapeutic benefit.

f03566] In certain embodiments the present invention provides a method for producing a
therapeutic composition having fuli-length mRNA that encodes for a protein associated with a urea
cycle disorder. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for ornithine transcarbamylase {OTC)
protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for arginosuccinate synthetase 1
protein. in certain embodiments the present invention provides a method for producing a

therapeutic composition having full-length mRNA that encodes for carbamoy! phosphate synthetase
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[ protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for arginosuccinate lyase protein. In
certain embodiments the present invention provides a method for producing a therapeutic

composition having full-length mRNA that encodes for arginase protein.

f0367] in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a protein associated with a
lysosomal storage disorder. In certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for alpha galactosidase
protein. in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for glucocerebrosidase protein. In
certain embodiments the present invention provides a method for producing a therapeutic
compaosition having full-length mRNA that encodes for iduronate-2-sulfatase protein. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encedes for iduronidase protein. in certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for N-acetyl-alpha-D-glucosaminidase protein. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for heparan N-sulfatase protein. in certain embodiments the present invention provides a
method for producing a therapsutic composition having full-length mRNA that encodes for
galactosamine-6 sulfatase protein. in certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for beta-
galactosidase protein. In certain embodiments the present invention provides 2 method for
producing a therapeutic composition having full-length mRNA that encodes for lysosomal lipase
protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for aryisulfatase 8 {N-
acetylgalactosamine-4-sulfatase} protein. In certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for

transcription factor EB (TFEB).

[0368] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a protein associated with a
glycogen storage disorder. in certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for acid alpha-
glucosidase protein. In certain embodiments the present invention provides a method for producing

a therapeutic compaosition having full-length mRNA that encodes for glucose-6-phosphatase {G&PC)
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protein. In cerfain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for liver glycogen phosghorylase
protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having fuli-length mRNA that encodes for muscle phosphoglycerate mutase
protein. In certain embodiments the present invention provides a method for producing 3

therapeutic composition having full-length mRNA that encodes for glycogen debranching enzymae.

[0369] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a protein associated with amino
acid metabolism. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for phenylalanine hydroxylase
enzyme. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for glutaryl-CoA dehydrogenase
enzyme, In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for propionyl-CoA caboxylase
enzyme. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for oxalase alanine-glyoxylate

aminotransferase enzyme.

f0370] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a protein associated with a lipid
metabolism or fibratic disorder. in certain embodiments the present invention provides a method
for producing a therapeutic composition having full-length mRNA that encodes for a mTOR inhibitor.
in certain embodiments the present invention provides a method for producing a therapautic
composition having full-length mRNA that encodes for ATPase phospholipid transporting 8B1
{ATPBB1) protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for one or more NF-kappa 8
inhibitors, such as one or more of i-kappa B alphs, interferon-related development regulator 1
{IFRD1}, and Sirtuin 1 {SIRT1). In certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for PPAR-gamma protein

or an active variant.

f0371] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a protein associated with
methyvimalonic acidemia. For example, in certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for

methylmalonyl CoA mutase protein. In certain embodiments the present invention provides a
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method for producing a therapeutic composition having full-length mRNA that encodes for

methyimalonyl CoA epimerase protein.

[0372] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA for which delivery to or treatment of the liver can
provide therapeutic benefit. In certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for ATP7B protein, also
known as Wilson disease protein. In certain embodiments the present invention provides a method
far producing a therapeutic composition having full-length mRNA that encodes for porphobilinogen
deaminase enzyme. In certain embodiments the present invention provides a method for producing
a therapeutic composition having full-length mRNA that encodes for one or clotting enzymes, such
as Factor VI, Factor IX, Factor VI, and Factor X. In certain embodiments the present invention
provides a method for producing a therapeutic composition having full-length mRNA that encodes

for human hemochromatosis (HFE) protein.

[0373] in certain embodimants the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes 3 peptide or protein for use in the
delivery to or treatment of the cardiovasculature of a subject or a cardiovascular cell. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for vascular endothelial growth factor A protein. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for refaxin protein. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for bone morphogenetic protein-9 protein. in certain embodiments the present invention
provides a method for producing a therapeutic composition having fuli-length mRNA that encodes

for bone morphogenetic protein-2 receptor protein.

f0374] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery to or treatment of the muscle of a subject or a muscle cell. In certain embodiments the
present invention provides a method for producing a therapeutic composition having full-length
mRNA that encodes for dystrophin protein. in certain embodiments the present invention provides a
method for producing a therapeutic compaosition having full-length mRNA that encodes for frataxin
protein. In certain embodiments the present invention provides a method for producing 3
therapeutic composition having full-length mRNA that encodes 3 peptide or protein for use in the
delivery to or treatment of the cardiac muscle of a subject or a cardiac muscle cell. In certain

embodiments the present invention provides a method for producing a therapeutic composition
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having full-length mRNA that encodes for a protein that modulates one or both of a potassium
channel and a sodium channel in muscle tissue or in a muscle cell. in certain embodiments the
prasent invention provides a method for producing a therapeutic composition having full-length
mRNA that encodes for a protein that modulates a Kv7.1 channel in muscle tissue or in a muscle cell.
in certain embodiments the present invention provides a method for producing a therapeutic
composition having fuli-length mRNA that encodes for a protein that modulates a Nav1.5 channel in

muscle tissue or in a muscle cell.

[0375] in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery to or treatment of the nervous system of a subject or a nervous system cell. For example, in
certain embodiments the present invention provides a method for producing a therapeutic
compaosition having full-length mRNA that encodes for survival motor neuron 1 protein. For
example, in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for survival motor neuron 2 protein.
in certain embodiments the present invention provides a method for producing a therapautic
composition having full-length mRNA that encodes for frataxin protein. In certain embodiments the
present invention provides a method for producing a therapeutic composition having full-length
mRNA that encodes for ATP binding cassette subfamily D member 1 (ABCD1) protein. In certain
embodiments the present invention provides a method for producing a therapeutic composition

having full-length mRNA that encodes for CLN3 protein.

f0376] in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery to or treatment of the blood or bone marrow of a subject or a blood or bone marrow cell.
in certain embodiments the present invention provides a method for producing a therapeutic
composition having fuli-length mRNA that encedes for beta globin protein. in certain embodiments
the present invention provides a method for producing a therapeutic composition having full-length
mRNA that encedes for Bruton’s tyrosine kinase protein. in certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that

encodes for one or clotting enzymes, such as Factor Vil Factor X, Factor VI, and Factor X.

[0377] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery to or treatment of the kidney of a subject or 3 kidney cell. in certain embodiments the
present invention provides a method for producing a therapeutic composition having full-length

mRNA that encodes for collagen type IV alpha 5 chain {COL4AS) protein.
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[0378] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery to or treatment of the eve of a subject or an eye cell. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for ATP-binding cassette sub-family A member 4 {ABCA4) protein. In certain embodiments
the present invention provides a method for producing a therapeutic compaosition having full-length
mRMA that encodes for retinoschisin protein. In certain embodiments the present invention
provides a method for producing a therapeutic composition having full-length mRNA that encodes
for retinal pigment epithelium-specific 65 kDa {RPEGS) protein. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that

encodes for centrosomal protein of 290 kDa {CEP230).

[0379] In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes a peptide or protein for use in the
delivery of or treatment with a vaccine for a subject or a cell of a subject. For example, in certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for an antigen from an infectious agent, such as a virus. In
certain embodiments the present invention provides a method for producing a therapeutic
composition having fuli-length mRNA that encoedes for an antigen from influenza virus. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for an antigen from respiratory syncytial virus, In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for an antigen from rabies virus. In certain embodiments the
present invention provides a method for producing a therapeutic composition having full-length
mRMA that encodes for an antigen from cytomegalovirus. in certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for an antigen from rotavirus. In certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for an
antigen from a hepatitis virus, such as hepatitis A virus, hepatitis B virus, or hepatis C virus. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for an antigen from human papillomavirus. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for an antigen from a herpes simplex virus, such as herpes
simplex virus 1 or herpes simplex virus 2. In certain embodiments the present invention provides a

method for producing a therapsutic composition having full-length mRNA that encodes for an
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antigen from a human immunodeficiency virus, such as human immunodeficiency virus type 1L or
human immunodeficiency virus type 2. In certain emboediments the present invention provides 3
method for producing a therapeutic composition having full-length mRNA that encodes for an
antigen from a human metapneumovirus. in certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for an
antigen from a human parainfluenza virus, such as human parainfluenza virus type 1, human
parainfiuenza virus type 2, or human parainfluenza virus type 3. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for an antigen from malaria virus. In certain embodiments the present invention provides a
method for producing a therapeutic composition having full-length mRNA that encodes for an
antigen from zika virus. In certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for an antigen from

chikungunya virus.

{0380} in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for an antigen associated with a
cancer of a subject or identified from a cancer cell of a subject. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for an antigen determined from a subject’s own cancer cell, i.e., to provide a personalized
cancer vaccine. In certain embodiments the present invention provides a methed for producing a
therapeutic composition having full-length mRNA that encodes for an antigen expressed from a

mutant KRAS gene,

{0381} in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for an antibody. In certain
embodiments, the antibody can be a bi-specific antibody. In certain embodiments, the antibody can
be part of a fusion protein. In certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for an antibody to OX40.
In certain embodiments the present invention provides a method for producing a therapsutic
composition having full-length mRNA that encodes for an antibody to VEGF. In certain embodiments
the present invention provides a method for producing a therapeutic composition having full-length
mRNA that encodes for an antibody 1o tissue necresis factor alpha. In certain embodiments the
present invention provides a method for producing a therapeutic composition having full-length
mRNA that encedes for an antibody to CD3. in certain embodiments the present invention provides
a method for producing a therapeutic composition having full-length mRNA that encodes for an

antibody to CD19.
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f03821 In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for an immunomodulator. in certain
emboediments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encodes for interleukin 12. In certain embodiments the present
invention provides a method for producing a therapeutic composition having full-length mRNA that
encodes for Interleukin 23. in certain embodiments the present invention provides a method for
producing a therapeutic composition having full-length mRNA that encodes for interieukin 36
gamma. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a constitutively active variant of

one or more stimulator of interferon genes {STING) proteins.

{0383} in certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for an endonuciease. In certain
embodiments the present invention provides a method for producing a therapeutic composition
having full-length mRNA that encedes for an RNA-guided DNA endonuclease protein, such as Cas 9
protein. In certain embodiments the present invention provides a method for producing a
therapeutic composition having full-length mRNA that encodes for a meganuclease protein. In
certain embodiments the present invention provides a method for producing a therapeutic
composition having full-length mRNA that encedes for a transcription activator-like effector
nuclease protein. in certain embodiments the present invention provides a method for preducing a

therapeutic composition having full-length mRNA that encodes for a zine finger nuclease protein.

f0384] in embodiments, exemplary therapeutic uses result from the delivery of mRNA
encoding a secreted protein. Accordingly, in embodiments, the compositions and methods of the
invention provide for delivery of mRNA encoding a secreted protein. In some embodiments, the
compositions and methods of the invention provide for delivery of mRNA encoding one or more
secreted proteins listed in Table 1; thus, compositions of the invention may comprise an mRNA
encoding a protein listed in Table 1 {or 2 homolog thereof) along with other components set out
herein, and methods of the invention may comprise preparing and/or administering a composition
comprising an mRNA encoding a protein listed in Table 1 {or a homolog thereof} along with other

components set out herein

Table 1. Secreted Proteins

Uniprot 1D Protein Name Gene Name
A1E9S9 Odontogenic ameloblast-associated protein ODAM
ALKZ92 Peroxidasin-like protein PXDNL
AlL453 Serine protease 38 PRSS38
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Uniprot 1D Protein Name Gene Name
ALLAH] So!ubi'e ss:aver?g'er recept'@r cysteine-rich SSCsn

dornain-containing protein SSC5D
A2RUU4 Colipase-like protein 1 CLPSLY
AZVDFD Fucose mutarotase FUOM
AZVECY SCO-spondin SSPO
i i § i in-containi
ABKMH von'V\./iiiebranc factor A domain-containing VWAS
protein 8
A4DOS4 Laminin subunit beta-4 LAMB4A
A4ADITY Probable inactive sering proteass 37 PRSS37
ASDBTS C-type lectin dormain family 18 member A CLEC18A
s ipase A2 inhibitor and LyG/PL
AGNCSE pho‘p'hcaisp aﬁe' /3'\.? inhibi 1':xr and Ly8/PLAUR BINLYP
domain-containing protein
i and fac fomain-containi
AENCIA von Wsiiebrang actor A domain-containing VWASA
protein 3A
AENDOL Probable folate receptor delta FOLR4
ABNDD2 Beta-defensin 1088-like
ABNEQ2 BTB/POZ domain-containing protein 17 BT8D17
ABNEFS Growth hormone 1 GH1
AGNFG2 NPIP-like protein LOCT730153
AGNFBR4 HCG1749481, iscform CRA_k CSH1
ABNFZ4 Protein FAM24A FAMZ4A
/ 4 d in-containi
AGNG 13 GE\,co:syEtransferase 54 domain-containing
protein
ABNGNS IgLON family member 5 IGLONS
ABNHNO Ctolin-1 OToLL
) Gt n —
AGNHNG ;&qciear pore complex-interacting protein-like NPIPL2
S NTIT
AGNIT3 Leukocx,. e immunoglobulin-like receptor LILRAS
subfamily A member 5
i - !
AGNITA Fhonomc somatomammotropin hormone 2 cSH2
isoform 2
AENIGY lgA-inducing protein homolog iGgIP
ABNK(O9 Choriogonadotropin subunit beta variant 1 CGBL
ABNMZ7T Collagen alpha-6{V1} chain COLBAB
‘.(..”."'..(f.. '; i
AGNNS2 Dehydrog:zrs ase/reductase SDR family DHRSTC
mamber 7C
ABXGL2 Insudin A chain INS
ASKDOG1 Protein Wnt WNT78B
ABK2UC Alpha-2-macroglobulin-like protein 1 AZMLL
ARKT14 Saic;um—actavated chloride channel regulator CLCAT
AZMTLS Serpin-like protein HMSD HMSD
ABMVZ3 Serpin E3 SERPINE3
ABMZHE Qocyte-secreted protein 1 homolog QOSP1
ABTX70 Collagen alpha-5{V1} chain COLBAS

92

SUBSTITUTE SHEET (RULE 26)



WO 2020/097376

PCT/US2019/060335

Uniprot 1D Protein Name Gene Name
BOZBES Natriuretic peptide NPPA
B1AAGS Somatotropin GH1L
B1A4H2 HCG1749481, isoform CRA_d CSH1
B1A4HS Chorionic somatomammotropin hormone CSH2
B1AJZG Protein Wnt WNT4
BIAKIS Isthmin-1 ISMi1
BIRNNG f;:;zij;ir;;iiggand tumor necrosis factor- CLOTNFIS
. and F PP,
B89RUYY ;zsgt\é’:/;iize_t;irkena actor C domain-containing VWL
B3GLI2 Prostate and testis expressed protein 3 PATE3
B4DI03 SEC11-like 3 {S. cerevisiae), isoform CRA_a SEC11L3
B4DIFY Protein Wnt WNT4
B4DUL4A SEC11-like 1 (5. cerevisiae)}, isoform CRA_d SEC11L]
BEMCCE Protain Wnt WNT108B
BBAS95 Protein Wnt WNT7B
B8ASY7 Protein Wnt WNT7B
BBAS98 Protein Wnt WNT7B
BYADG4 Immunoglobulin lambda-like polypeptide 5 IGLLS
CYI3H3 Protein Wnt WNTL08
Caigig Protein Wit WNTS5A
COIAF2 Insulin-like growth factor [ Ala-25 Del IGF2
C8iCiz Protein Wnt WNTL08
CoiLs4 HERV-H LTR-associating protein 1 HHLAL
CAINRS Insulin A chain INS
Colui2 Protein Wnt WNT2
DERFA7 Protein Wnt WNTS8A
DERFS4 Protein Wnt WNTEA
E2RYF7 Protein PBMUCL2 HCG22
ESRFR1 PENK{114-133} PENK
E7EMLS Serine protease 44 PR8S44
E7EPC3 Protein Wnt WNTSEB
E7EVPO Nociceptin PNOC
ESPDO2 Insulin-like growth factor | IGF1
ESPHA0 Protein Wnt WNT16
ESGPILE Protein Wnt WNTL1
F5GYM2 Protein Wnt WNTSB
F5H034 Protein Wnt WNTSRB
F5H364 Protein Wnt WNTEB
FEH7GE Protein Wnt WNTSR
FEWCMS Protein INS-IGF2 INS-IGF2
FEWDR1 Protain Wnt WNT2
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HOYE63 Protein Wit WNT4
s Signal peptidase complex catalytic subunit e
HOYK72 sggc : 12 P P y SEC11A
ig tida catalyti 1
HOVKS3 iagggizep idase complex catalytic subunit SEC11A
HOYM39 Chorionic somatomammotropin hormone C5H2
HOYMT? Chorionic somatomammotropin hormone CSH1
HOYNL17 Chorionic somatomammotropin hormone CSH2
Signal peptidase complex catalvtic subunit
HOYNAS SEgC ) 15; P P ¥ SEC11A
Signal peptidase complex catalvtic subunit
HOYNG3 szgmlg P P ¥ SEC11A
HOVNXE Z;g(n]aigepsocw complex catalytic subunit SEC11A
H7BZB& Protein Wnt WNTL0A
HOKVE6 Choriogonadotropin subunit beta variant 2 CGB2
I3LOLER Protein Wnt WNTI8
IBKNZ1 Choriogonadotropin subunit beta variant 1 CGRI
13KPOC Choriogonadotropin subunit beta CGB7
130702 Choriogonadotropin subunit beta variant 1 CGB1
Q00175 C-C motif chemokine 24 CCL24
000182 Galectin-9 LGALSS
000187 Mannan-binding lectin serine protease 2 MASP2
000230 Cortistatin CORT
000253 Agouti-related protein AGRP
a00270 ié-éi}(;::g;s:y&S,lG,14-eicosatetraenoic GPR3L
000292 Left-right determination factor 2 LEFTY2
000294 Tubby-related protein 1 TULPL
000295 Tubby-related protein 2 TULPZ
(00300 'E:J;‘:;o;er;ef;gsis factor receptor superfamily TNERSFL1B
000339 Matrilin-2 MATN2
000391 Sulfhydryl oxidase 1 QsSOX1
000468 Agrin AGRN
Q00515 Ladinin-1 LaDl
000533 :;zc;jsfgnneurai cell adhesion molecule L1- CHL1
000584 Ribonuclease T2 RNASET2
000585 C-C motif chemokine 21 CCL2l
000602 Ficolin-1 FCNL
Q00622 Protein CYREL CYRE1
000626 MOC(5-69) CCL2z
000634 Netrin-3 NTN3
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000744 Pratein Wnt-10b WNTL08
Q00755 Protein Wnt-7a WNTT7A
il D et
014511 Pro-neuregulin-2, membrane-bound isoform | NRG2
014594 Meurocan core protein NCAN
(314625 C-X-C motif chemokine 11 CXCLLL

Ectonucleotide
014638 pyrophosphatase/phosphodiesterase family ENPP3

member 3
(014656 Torsin-1A TOR1A
(014657 Torsin-1B TOR1B
014786 Neuropifin-1 NRP1
014791 Apclipoprotein L1 APOLL
14793 Growth/differentiation factor 8 MSTN
(14904 Protein Wnt-Sa WNTSA
014905 Protein Wnt-9b WNTIRB
014544 Proepiregulin EREG
14360 Leukocyte cell-derived chemaotaxin-2 LECTZ
(315018 Processed PDZ domain-containing protein 2 pDZo2
015041 Semaphorin-3E SEMA3E
015123 Angiopoietin-2 ANGPT2
015130 Neuropeptide FF NPFF
015197 Ephrin type-B receptor 6 EPHBG
015204 ADAM DECL ADAMDECL
015230 Laminin subunit alpha-5 LAMAS
(015232 Matrilin-3 MATN3
(315240 Neuroendocrine regulatory peptide-1 VGF
015263 Beta-defensin 44 DEFB4A
015335 Chondroadhberin CHAD
015393 z’;i?smembrane protease serine 2 catalytic TMPRSS?
015444 C-C motif chemokine 25 CCL25
015467 C-C motif chemokine 16 CCLis
015486 Group 10 secretory phospholipase A2 PLA2G10O
015520 Fibroblast growth factor 10 FGFi0
015537 Retincschisin RS1
043157 Plexin-B1 PLXNBL
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043184 S;:?at;%:g s:;izﬁ:?ziiopmteinase domain- ADAM12
(43240 Kallikrein-10 KLKLO
043278 Kunitz-type protease inhibitor 1 SPINTL
043320 Fibroblast growth factor 16 FGFiG
043323 Desert hedgehog protein C-product DHH
(43405 Cochlin COCH
043555 Progonadoliberin-2 GMNRHZ
043692 Peptidase inhibitor 15 piis
043699 Sialic acid-binding ig-like lectin 6 SIGLECE
(43820 Hyaluronidase-3 HYALS
043827 Angiopoietin-related protein 7 ANGPTLY
043852 Calumenin CALU
43854 if{;iﬁ::;z?zi;:dadiscoadm i-like domain- D3
043866 CH5 antigen-like ChsL
(43897 Toloid-like protein 1 TiLl
043915 Vascular endothelial growth factor D FIGF
043927 C-X-C motif chemokine 13 CKCL13
060218 Aldo-keto reductase family 1 mamber B10 AKRIB1O
060235 Transmembrane proteass serine 11D TMPRSS1LD
060258 Fibroblast growth factor 17 FGF17
060259 Kallikrein-8 KLK8
060383 Growth/differentiation factor 8 GDFS
(60469 Down syndrome cell adhasion molecule DSCAM
060542 Persephin PSPN
060565 Gremiin-1 GREML
060575 Serine protease inhibitor Kazal-type 4 SPINK4
(60676 Cystatin-8 CsT8
060687 Sushi repeat-containing protein SRPX2 SRPXZ
060844 Zymogen granule membrane protein 16 ZG16
60832 Matrix metalloproteinase-20 MMP20
060938 Keratocan KERA
075015 :S;L?j.?:gp;gf;:,:—n};)giobuEm gamma Fc FCGR3B
075077 ?;:?;:ng::;‘ ::{izfgicpmtemase domain ADAM23
075093 Sit homolog 1 protein SLITL
Q75094 Slit homolog 3 protein SLIT3
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075005 zﬁo::;a;i ;;;;(i;r;ﬁsi growth factor-like MEGEG
075200 Iﬂ\iuciear pore complex-interacting protein-like NPIPLL
(75333 Cartilage intermediate layer protein 1 C1 CiLP
073 et ENTFDG
(375386 Tubby-related protein 3 TULP3
075398 :Z::;?)? epidermal autoregulatory factor 1 DEAF1
075443 Alpha-tectorin TECTA
075445 Usherin USH2A
075462 Cytokine receptor-fike factor 1 CRLF1
(75487 Glypican-4 GPC4
075483 Carbonic anhydrase-related protein 11 CAll
075594 Peptidoglycan recognition protein 1 PGLYRPL
075596 C-type lectin domain family 3 member A CLEC3A
075610 Left-right determination factor 1 LEFTY1
075629 Protein CREGL CREGL
075636 Ficolin-3 FCN3
075711 Scrapie-responsive protein 1 SCRG1
(75715 Epididymal secretory glutathione peroxidase | GPX5
075718 Cartilage-associated protein CRTAP
075829 Chondrosurfactant protein LECTL
(375830 Serpin |2 SERPINI2
Q75882 Attractin ATRN
75888 ':(:J:E;o;er;eg@sis factor ligand superfamily TNESEL3
Q75300 Matrix metalloproteinase-23 MBRMPZ3A
075951 Lysozyme-like protein 6 LYZL6
(75973 Clg-related factor Cilail
076038 Secretagogin SCGN
076061 Stanniocalcin-2 STC2
076076 WNT1-inducible-signaling pathway protein 2 | WISP2
076093 Fibroblast growth factor 18 FGF18
Q76086 Cystatin-F CST7
094769 Extraceliular matrix protein 2 ECAM2
094813 slit homolog 2 protein C-product SLIT2
(84907 Dickkopf-related protein 1 DK
054919 Endonuclease domain-containing 1 protein ENDODL
0343964 N-terminal form SOGAL
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(95025 Semaphorin-30D SEMA3D
055084 Serine protease 23 PRSS23
095150 :;:Jen;o;er;elcgasis factor ligand superfamily TNESELS
095156 Neurexophilin-2 NXPH2
095157 Neurexophilin-3 NXPH3
(85158 Neurexophilin-4 NXPH4
085383 WNT 1-inducible-signaling pathway protein 1 | WISP1
095389 WNT1-inducible-signaling pathway protein 3 | WISP3
0953390 Growth/differentiation factor 11 GDF11
(185393 Bone morphogenetic protein 10 BMPLO
0853589 Urotensin-2 UTis2
095407 Eemn’io;er;eggmsis factor receptor superfamily TNERSEEB
085428 Papilin PAPLN
095445 Apoclipoprotein M APOM
(85460 Matrilin-4 MATNSG
055467 LHAL tetrapeptide GNAS
035631 Netrin-1 NTN1
095633 Follistatin-related protein 3 FSTL3
(85711 Lymphocyte antigen 86 LY86
085715 C-X-C motif chemokine 14 CXCL14
095750 Fibrablast growth factor 19 FGFi9
095760 Interleukin-33 L33
(385813 Cerberus CER1
055841 Angiopoietin-related protein 1 ANGPTLL
095897 Noelin-2 OLFM2
(095925 Eppin EPPIN
(95965 Integrin beta-like protein 1 TGBL1
095957 ;(?ai;ciz;):i::;g;ibuEin--iike extracellular CEEMP2
085963 Secretoglobin family 1D member 1 SCGBID1
095959 Secretoglobin family 10 member 2 SCGR1D2
095870 Leucine-rich glioma-inactivated protein 1 LGIL
585972 Bone morphogenetic protein 15 BMPL5
085984 Anterior gradient protein 2 homolog AGR2
095998 Interleukin-18-binding protein IL18BP
(096009 Napsin-A NAPSA
096014 Protein Wint-11 WNTL1
PO0450 Ceruloplasmin P
P0O0451 Factor Villa light chain F&
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pP048R Coagulation factor Xilf A chain F13A1
PO0533 Epidermal growth factor receptor EGFR
PO0709 Alpha-lactalbumin LALBA
P00734 Prothrombin F2
POO738R Haptoglobin beta chain HP
POG738 Haptoglobin-related protein HPR
PO0740 Coagulation factor [Xa heavy chain FG
poo742 Factor X heavy chain F10
PO0746 Complement factor B CFD
PO0747 Plasmin Hght chain B PLG
POO748 Coagulation factor Xila light chain F12
000749 ;J;Zi;ir:xse--type plasminogen activator long PLAL
PO0750 Tissue-type plasminogen activator PLAT
POG751 Cormplement factor B Ba fragment CFB
POG797 Renin REN
P0O0973 2'-8'-oligoadenylate synthase 1 OAS1
PO0395 Pancreatic secretory trypsin inhibitor SPINKL
PO1008 Antithrombin-il SERPINCL
PO1008 Alpha-L-antitrypsin SERPINAL
PO1011 Alpha-1-antichymotrypsin His-Pro-less SERPINA3Z
PO1019 Angiotensin-1 AGT
PO1023 Alpha-2-macroglobulin AZM
PO1024 Acylation stimulating protein 3
P01031 Complement 5 beta chain s
P1033 Metalloproteinase inhibitor 1 TiMPL
PO1034 Cystatin-C CST3
PO1036 Cystatin-S (ST4
pP0O1037 Cystatin-SN CST1
PO1042 Kininogen-1 light chain KNGL
PO1127 Platelet-derived growth factor subunit B PDGFB
PO1135 Transforming growth factor aipha TGFA
pP01137 Transforming growth factor beta-1 TGFBL
P(1138 Beta-nerve growth factor NGF
P01148 Gonadoliberin-1 GNRH1
PO11606 Atrial natriuretic factor NPPA
PO1178 Oxytocin OXT
P(1185 Vasopressin-neurcphysin 2-copeptin AVP
POL18Y Corticotropin POMC
PO1210 PENK({237-258} PENK
pgi1213 Alpha-necendorphin PDYN
P(1215 Ghycoprotein hormones alpha chain CGA
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PO1222 Thyrotropin subunit beta TSHB
PO1225 Follitropin subunit beta FSHB
PO1229 Lutropin subunit beta LHB
pP01233 Choriogonadotropin subunit beta CGB3
P0O1236 Prafactin PRL
PO1241 Somatotropin GH1L
P0O1242 Growth hormone variant GH2
P01243 Chorionic somatomammotropin hormone CSH2
P0O1258 Katacalcin CALCA
PO1266 Thyroglobulin TG
P01270 Parathyroid hormone PTH
pPU1275 Glucagon GCG
PO1282 Intestinal peptide PHM-27 ViP
PO1286 Somatoliberin GHRH
P(1298 Pancreatic prohormone ppY
P01303 C-flanking peptide of NPY NPY
P0O1308 Insulin INS
PO1344 Insulin-like growth factor | IGF2
PO1350 Big gastrin GAST
PU1374 Lymphotoxin-alpha LTA
PO1375 C-domain 1 TNF
PO1562 Interferon alpha-1/13 IFNAL
P01563 Interferon alpha-2 IFNAZ
P(1566 Interferon alpha-10 IFNALO
PO1567 Interferon alpha-7 IFNA7
PO1568 Interferon aipha-21 IFNA21
P01569 Interferon alpha-5 IFNAS
PO1570 Interferon aipha-14 {FNALA
PO1571 Interferon alpha-17 IFNAL7
PO1574 Interferon beta {FNB1
PO1579 Interferon gamma IFNG
P(1583 Interieukin-1 alpha L1IA
P0O1584 Interleukin-1 beta iL1B
PO1588 Erythropoietin EPO
P01591 Immunoglobulin § chain iGi
PO1732 T-cell surface glycoprotein CD8 alpha chain ChRA
PO1833 Polymeric immunoglobulin receptor PIGR
PO1857 lg gamma-1 chain C region IGHGL
PO1E5% lg gamma-2 chain C region IGHGZ
PO1860 lg gamma-3 chain C region {GHG3
PO1861 lg gamma-4 chain C region IGHG4
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PO1E71 Ig mu chain C region 1GHM
PO1380 lg delta chain C region IGHD
pO2452 Collagen alpha-1{1} chain COLIAL
p02458 Chondrocalcin COL2AL
P(2461 Collagen alpha-1{lil} chain COL3AL
PO2462 Collagen alpha-1{IV} chain COL4AL
PR2647 Apolipoprotein A-l APDOAL
P2649 Apoclipoprotein E APQOE
PU2652 Apolipoprotein A-li APCAZ
PO2654 Apolipcprotein C-| APOCL
PO2655 Apoclipoprotein C-H APOC2
PO2656 Apolipoprotein C-H APOC3
PO2671 Fibrinogen alpha chain FGA
PO2675 Fibrinopeptide B FGB
PO2679 Fibrinogen gamma chain FGG
PO2741 C-reactive protein CRP
PO2743 Serurn amyloid P-component{1-203}) APCS
pO2745 Complement Clg subcomponent subunit A C10A
P02746 Complement Clg subcomponent subunit B {108
pPO2747 Complement Clg subcomponent subunit C ci1ac
PO2748 Complement component C9b (8]
PR2749 Beta-2-glycoprotein 1 APOH
P0O2750 Leucine-rich alpha-2-glycoprotein LRG1
PO2751 Ugh-Y2 FN1
PO2753 Retinol-binding protein 4 RBP4
PR2760 Trypstatin AMBP
p02763 Alpha-1-acid glycoprotein 1 ORM1
P(2765 Alpha-2-HS-glvcoprotein chain A AHSG
PO2766 Transthyretin TIR
PO2768 Serum atbumin AlLB
pPU2771 Alpha-fetoprotein AFP
PO2774 Vitamin B-binding protein GC
PO2775 Connective tissue-activating peptide il pPPBP
PO2776 Platelet factor 4 PF4
po2778 CXCLIO(1-73) CXCL1O
pP{2786 Transferrin receptor protein 1 TFRC
P0O2787 Serotransferrin TF
PO2788 Lactoferroxin-C LTF
PO2790 Hemopexin HPX
P0O2208 Statherin STATH
002810 ?j;ivary acidic proline-rich phosphoprotein PRI2
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p(O2812 Basic salivary proline-rich protein 2 PRB2
PO2314 Peptide D1A SMR3B
POZR1L8 Osteocalcin BGLAP
PO3350 Angiogenin ANG
P(O3951 Coagulation factor Xia heavy chain Fit
P03952 Plasma kallikrein KLKB1
PO3956 27 kD3 interstitial collagenass MMPL
pP03871 Muellerian-inhibiting factor AMH
P(3973 Antileukoproteinase SLPI
PO4003 C4b-binding protein alpha chain CABPA
PO4AG0O4 Somatomedin-B VTN
PO4AOS4 Phospholipase A2 PLA2GLR
PO4085 Platelet-derived growth factor subunit A PDGFA
PO4030 Relaxin A chain RLN2
PO4114 Apoclipoprotein B-100 APCOR
PO4118 Colipase CLPS
504141 giatr;:!ocyte—macrophage coleny-stimulating CSE2
PO41S5 Trefoil factor 1 TFF1
PO41R0 Phosphatidyicholine-sterol acyltransferase LCAT
P04196 Histidine-rich glycoprotein HRG
po4az17 Alpha-1B-glycoprotein ALRG
PO4275 von Willebrand antigen 2 VWF
pPO4278 Sex hormone-binding globulin SHBG
pPR4279 Alpha-inhibin-31 SEMG1
PO4A280 Basic salivary proline-rich protein 1 PRB1
PO4628 Proto-oncogene Wnt-1 WNTL
PO4TAS Alpha-amvylase 1 AMY1A
po4a746 Pancreatic alpha-amylase AMYZA
P34808 Praorelaxin H1 RLN1
PO5000 Interferon omega-1 IFNW1
POS0L3 Interferon alpha-6 {FNAS
pPOsS0i4 Interferon alpha-4 IFNA4
P(5015 Interferon alpha-16 IFNALG
PO5018 Insulin-like growth factor | IGF1L
POSO60 GAWK peptide CHGB
POS0S0 Apoclipoprotein D APOD
P0O5108 Protein S100-A8 510048
PO5111 Inhibin alpha chain INHA
PO5112 Interleukin-4 L4
pPO5113 Interleukin-S L5
PO5120 Plasminogen activator inhibitor 2 SERPINBZ
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PO5121 Plasminogen activator inhibitor 1 SERPINEL
PO5154 Plasma serine protease inhibitor SERPINAS
POS155% Plasma protease C1 inhibitor SERPINGL
P0S156 Complement factor | heavy chain CFl
PO5160 Coagulation factor Xill B chain F13B
PO5161 Ubiquitin-like protein 1SG15 1SG15
POS230 Fibrablast growth factor 1 FGFL
pP05231 Interleukin-6 iLé
PO5305 Big endathelin-1 EDNL
PO5408 C-terminal peptide SCGS
P0S451 Lithostathine-1-alpha REGIA
PO5452 Tetranectin CLEC3B
P0O5543 Thyroxine-binding globulin SERPINATY
POSR14 Beta-casein SN2
P05997 Coliagen alpha-2{¥} chain COLEAZ
PO6276 Cholinesterase BCHE
PO6307 Cholecystokinin-12 CCK
P0G336 Gelsolin GSN
POBES1 Complement £2 2
PO6702 Protein S100-A9 S100A3
PO6727 Apolipoprotein A-1V APOAL
POG744 Glucose-6-phosphate isomerase GPi
PO6850 Corticoliberin CRH
PO6ESSR Lipoprotein lipase LPL
PO6a8’1 Calcitonin gene-related peptide 1 CALCA
PO7053 Glia-derived nexin SERPINE2
P07098 Gastric triacylglycercl lipase LIPF
PO7225 Vitamin K-dependent protein § PROSL
P07237 Protein disulfide-isomerase P4HB
PQ7288 Prostate-specific antigen KLK3
P07306 Asialoglycoprotein receptor 1 ASGR1
PO7355 Annexin A2 ANXAZ
PQ7357 Complement component C8 alpha chain C8A
PO7358 Complement compenent C8 beta chain 88
P07360 Complement component C8 gamma chain C8G
PO7477 Alpha-trypsin chain 2 PRSS1
PO7478 Trypsin-2 PRSS2
pPO7492 Neuromedin-C GRP
PO7498 Kappa-casein CSN3
PO7585 Decorin DCN
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PO7911 Uremodulin UMOD
PO7942 Laminin subunit beta-1 LANMBL
PO7988 Pulmonary surfactant-associated protein B SETPB
P7898 Ribonuclease pancreatic RNASEL
POR118 Beta-microseminoproiein MSAMB
PO8123 Collagen alpha-2{l} chain COLLA2
PO818S Corticosteroid-binding globulin SERPINAG
p0g217 Chymotrypsin-like elastase family member 2A | CELA2A
POR21R Chymotrypsin-like elastase family member 28 | CELA2B
PO8253 72 kDa type |V collagenase MMP2
PO8254 Stromelysin-1 MMP3
P(8294 Extraceliular superoxide dismutase [Cu-Zn] SOD3
P0O8476 lnhibin beta A chain INHBA
8493 Matrix Gla protein MGP
P08572 Collagen alpha-2{IV} chain COLAAZ
PO8581 Hepatocyte growth factor receptor MET
POB603 Complement factor H CFH
PO8E20 Fibroblast growth factor 4 FGF4
008637 i;«;{jf;:;tgps:;iEu‘-ﬁ:giobuﬁm ganuna Fc CCGR3A
P0O8EY7 Alpha-2-antiplasmin SERPINFZ
POR700 Interleukin-3 iL3
PO8708 Coagulation factor Vi F7
PO8333 Insulin-like growth factor-bhinding protein 1 IGFBP1
PO8RE7 Interleukin-6 receptor subunit alpha {ILER
P8549 Neuromedin-B-32 NMB
PO3FS4 Fibrocystin PKHDL
POS038 Fibroblast growth factor 2 FGF2
p09228 Cystatin-SA CST2
P(9237 Matrilysin MMP7
PO9238 Stromelysin-2 MMP10
PO9341 Growth-regulated alpha protein CXCLL
p09382 Galectin-1 LGALSL
P0S4EE Glycodelin PAEP
P09486 SPARC SPARC
P03529 Inhibin beta B chain INHBB
P09544 Protein Wnt-2 WNT2
009603 ::co;;s;ed macrophage colony-stimulating CSEL
PO9681 Gastric inhibitory polypeptide Gip
POSEE3 Secretin SCT
PO9919 Granulocyte colony-stimulating factor CSF3
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POCO91 FRASI-related extraceliular matrix protein 3 FREM3
POCOLA Cad-A C4A
POCOLS Complement C4-8 alpha chain 48
POCOPB Neuropeptide 8§ NPS
POC7LL Serine protease inhibitor Kazal-type 8 SPINKE
B0CS62 f;;:;if;t?;iﬁ;nd turmnor necrosis factor- CLOTNFY
POCEFL Prostate and testis expressed protein 4 PATE4
POCGOL Gastrokine-3 GKN3P
POCG36 Cryptic family protein 18 CFC1B
POCG37 Cryptic protein CFCL
POCIAR Humanin-like protein 1 MTRNR2L1
POCIES Humanin-like protein 2 MTRNR2L2
POCI70 Humanin-like protein 3 MTRNRZL3
POCIT1 Humanin-like protein 4 MTRNR2LA
POCi72 Humanin-like protein 5 MTRNR2LS
POCI73 Humanin-like protein 6 MTRNR2LS
POCI74 Humanin-like protein 7 MTRNRZLY
POCI75 Humanin-like protein 8 MTRNR2ZLE
POCI76 Humanin-like protein 9 MTRNR2LS
POCI77 Humanin-like protein 10 MTRNRZL1O
PODNDT7 Pepsin A-4 PGA4
PODIDR Pepsin A-3 PGA3
PODIDS Pepsin A-5 PGAS
PODSE Arnyloid protein A SAAL
PODHG Serum amyloid A-2 protein SAAZ
P10082 Peptide YY(3-36} Pyy
P10092 Calcitonin gene-related peptide 2 CALCR
pPigiz4 Serglycin SRGN
P10145 MDNCF-a e
P10147 MiP-1-alpha{4-69} CCL3
P10163 Peptide P-D PRB4
PLO45] Osteopontin SPP1
P10599 Thioredoxin TXN
P10600 Transforming growth factor beta-3 TGFB3
P10643 Complement component C7 c7
P10645 Vasostatin-2 CHGA
P10646 Tissue factor pathway inhibitor TFPI
P10720 Platelet factor 4 variant{4-74} PFav1
P10745 Retincl-binding protein 3 RBP3
pPi0767 Fibroblast growth factor 6 FGF6
P1030% Clusterin alpha chain CLU
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PL0812 Growth hormone receptor GHR
P10915 Hyaluronan and proteoglycan link protein 1 HAPLN1
P10966 T-cell surface glycoprotein CDA beta chain Cben
P10g97 Islet amyloid polypeptide IAPP
PL1047 Laminin subunit gamma-1 LAMCL
P11150 Hepatic triacyiglycercl lipase LirC
P1i22% Mannose-binding protein C MBLZ
pil4s4 Pregnancy-specific beta-1-glycoprotein 1 PSG1
P11465 Pregnancy-specific beta-1-glycoprotein 2 Psi2
pi1487 Fibroblast growth factor 3 FGF3
P11597 Cholesteryl ester transfer protein CETP
P11684 Uteroglobin SCGRI1AL
P11686 Pulmonary surfactant-associated protein C SFTPC
Pi2034 Fibroblast growth factor 5 FGFS
P12107 Coliagen alpha-1{Xi} chain CoLL1Al
P12109% Collagen alpha-1{V1} chain COLeAL
P12110 Collagen alpha-2{V1} chain COLBAZ
piz1il Collagen alpha-3{VI} chain COLGAS
pP12259 Coagulation factor V F5
P12272 PTHrP[1-36] FTHLH
P12273 Prolactin-inducible protein pip
p12544 Granzyme A GZMA
P12643 Bone morphogensatic protein 2 BMP2
PLl2644 Bone morphogenetic protein 4 BMP4
P12645 Bone morphogenetic protein 3 BMP3
p12724 Eosinophil cationic protein RNASE3
pi2821 Angiotensin-converting enzyme, scluble form | ACE
P12838 Neutrophii defensin 4 DEFA4
pP12872 Motilin MLN
pi3232 Interleukin-7 L7
pP13236 C-C motif chemokine 4 CClLa
013284 feadnjzz;nterferon—inducib!e lysosomal thiol E130
P13500 C-C motif chemokine 2 CCl2
P13501 C-C motif chemokine 5 CCLS
p13521 Secratogranin-2 SCG2
p1359] Neural cell adhesion molecule 1 NCAM 1
P13611 Versican core protein VCAN
P13671 Complement component C6 6
p13725 Oncostatin-M O5M
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P13726 Tissue factor F3
P13727 Eosinophil granule major basic protein PRG2
pi3942 Collagen alpha-2{Xi} chain COLLIAZ
P13587 {59 glycoprotein CD55
P14138 Endothelin-3 EDNZ
P14174 Macrophage migration inhibitory factor MIF
p14az07 Folate receptor beta FOLR2
p14222 Perforin-1 PRF1
P14543 Nidogen-1 NiD1
P14555 Phospholipase A2, membrane associated PLA2G2A
P14625 Endoplasmin H5PS0BL
P14735% Insulin-degrading enzyme iDE
P14778 Interleukin-1 receptor type 1, soluble form {L1R1
Pi4780 82 kDa matrix metaloproteinase-9 MMPY
Pi5018 Leukemia inhibitory factor LiF
P15085 Carboxypeptidase Al CPAL
P15086 Carboxypeptidase B CPB1
P15151 Poliovirus receptor PVR
Pi5169 Carboxypeptidase N catalytic chain CPNT
pP15248 Interleukin-9 iL9
P15291 N-acetyllactosamine synthase BAGALT1
P15309 PAPf39 ACPP
Pi5328 Folate receptor alpha FOLR1
015374 ?;:;c‘jzf::ni‘;arb@xyi—termmai hydrolase UCHL3
P15502 Elastin ELN
P15515 Histatin-1 HTNL
P15516 His3-{31-51}-peptide HIN3
P15692 Vascular endothelial growth factor A VEGFA
pPisgls4 Immunocglobulin lambda-like polypeptide 1 IGLLY
P15907 Beta-galactoside alpha-2,6-sialyitransferase 1 | ST6GALL
Pi5941 Mucin-1 subunit beta MUCT
P16035 Metalloproteinase inhibitor 2 TiMp2
Pi61i2 Aggrecan core protein 2 ACAN
P16233 Pancreatic triacylglycerol lipase PNLIP
pied4z Histo-blood group ABO system transferase ABO
PL16471 Prolactin receptor PRLR
P16562 Cysteine-rich secretory protein 2 CRISP2
P16619 C-C motif chemokine 3-like 1 CCL3Ll
P16860 BNP{3-29) NPPB
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PLeE70 Carboxypeptidase £ CPE
Pi6871 Interleukin-7 receptor subunit alpha IL7R
pi7213 Bactericidal permeability-increasing protein BPI
PL7538 Chymotrypsinogen B CTRBL
P17931 Galectin-3 LGALS3
P17936 Insulin-like growth factor-binding protein 3 IGFBP3
p17948 Vascular endothelial growth factor receptor 1 | FLTL
P18065 Insulin-like growth factor-binding protein 2 IGFBP2
P1BO75 Bone morphogenetic protein 7 BMP7
pi8428 Lipopolysaccharide-binding protein LBP
Pi8509 PACAP-related peptide ADCYAPL
P1851 Interleukin-1 receptor antagonist protein ILIRN
pigaz7 Syndecan-1 50C1
518021 ::i)::i:)ig\j:/;;jzjipha«-hydroxyiating PAM
p19235 Erythropoietin receptor EPOR
P19438 Tumor necrosis factor-binding protein 1 TNFRSFIA
P19652 Alpha-1-acid glycoprotein 2 ORM2
519801 ix;;iti:;?:é]seﬂsitive amine oxidase [copper- ABPL
P15823 Inter-alpha-trypsin inhibitor heavy chain H2 TiH2
Pi9g27 Inter-alpha-trypsin inhibitor heavy chain H1 TiH1
P19835 Bile salt-activated lipase CEL
P19875 C-X-C motif chemckine 2 CXCL2
P18876 C-X-C motif chemokine 3 CXCL3
P19883 Follistatin FSY
p19957 Elafin PI3
P19361 Alpha-amylase 2B AMY2ZB
P20061 Transcobalamin-1 TCNL
P20062 Transcobalamin-2 TCNZ
pP20142 Gastricsin PGC
P20155 Serine protease inhibitor Kazal-type 2 SPINK2
P20231 Tryptase beta-2 TPSB2
570333 'E:J;‘:;o;er;e;@sis factor receptor superfamily TNERSELR
P20366 Substance P TACL
p203382 Melanin-concentrating hormone PMCH
pP20396 Thyroliberin TRH
P20742 Pregnancy zone protein pzp
P20774 Mimecan OGN
pP20783 Neurotrophin-3 NTF3
P20800 Endothelin-2 EDNZ
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P20805 Interleukin-11 L1
p208327 Ephrin-Al EFNAL
P20849 Collagen alpha-1{I¥X} chain COLoAL
p20851 C4b-binding protein beta chain C4BPB
P20308 Collagen alpha-1{V} chain COL5AL
p21128 Poly{U}-specific endoribonuciease ENDOU
p21246 Pleiotrophin PTN
p21583 Kit ligand KITLG
pP21741 Midkine MDK
p21754 Zona pellucida sperm-hinding protein 3 P3
p21781 Fibroblast growth factor 7 FGF7
pP21802 Fibroblast growth factor receptor 2 FGFR2
P21810 Biglycan BGN
pP21815 Bone sialoprotein 2 iBSP
p21860 Receptor tyrosine-protein kinase erbB-3 ERBB3
P21841 Cartilage matrix protein MATNL
P22003 Bone morphogenstic protein & BMPS
P22004 Bone morphogenetic protein 6 BMPG
p22079 Lactoperoxidase LPO
P2210% Tenascin-X TNXB
P22301 Interleukin-10 L10
pP22303 Acetyicholinesterase ACHE
p22352 Glutathione peroxidase 3 GPX3
pP22362 C-C motif chemokine 1 CCll
p22455 Fibroblast growth factor receptor 4 FGFR4
pP22466 Galanin message-associated peptide GAL
p22692 Insulin-like growth factor-binding protein 4 IGFBP4
pP2274% Granulysin GNLY
p22792 Carboxypeptidase N subunit 2 CPN2
p22831 Vitamin K-dependent protein Z PROZ
p22894 Neutrophil collagenase MMPR
P23142 Fibulin-1 FBLN1
P23280 Carbonic anhydrase 6 CAG
P23352 Anosmin-1 Kall
pP23435 Cerebellin-1 CBLNI
P23560 Brain-derived neurotrophic factor BONF
P23582 C-type natriuretic peptide NPPC
P23946 Chymase CMAL
pP24043 Laminin subunit alpha-2 LAMA2
P24071 Immunoglobulin alpha Fc receptor FCAR
P24347 Stromelysin-3 MMP11
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pP24387 Corticotropin-releasing factor-binding protein | CRHBP
p24592 Insulin-like growth factor-binding protein 6 IGFBP6
P24593 Insulin-like growth factor-binding protein 5 IGFBPS
P24821 Tenascin TNC
pP24855 Deoxyribonuclease-1 DNASEL
P25067 Collagen alpha-2{VIil} chain COLBA2
p25311 Zinc-alpha-2-glycoprotein AZGPL
p25391 Laminin subunit alpha-1 LAMAL
075445 E;r;oger;egmsis factor receptor superfamily £AS
P25340 Collagen alpha-3{V} chain COL5AS
096542 Ejgno;fgmsis factor receptor superfamily €040
P26022 Pentraxin-related protein PTX3 PTX3
076927 Zi;;ztocyte growth factor-like protein beta MST1
p27169 Serum paraoxonase/arylesterase 1 PONL
pP27352 Gastric intrinsic factor GIF
p27487 Dipeptidyl peptidase 4 membrane form DPP4
P27538 Embryonic growth/differentiation factor 1 GDF1
pP27658 Vastatin COLBAL
p27797 Calreticulin CALR
p2791i8 Properdin CFp
P2803% Acyloxyacyt hydrolase ACAH
P28300 Protain-lysine G-oxidase LOX
p28325 Cystatin-D CSTS
P2879% Granulin-1 GRN
p29122 Proprotein convertase subtilisin/kexin type 6 | PCSKS
p29279 Connective tissue growth factor CTGF
P29320 Ephrin type-A receptor 3 EPHAS
P28400 Collagen alpha-5{IV} chain COLAAS
P29458 Interleukin-12 subunit alpha L12A
P29460 Interleukin-12 subunit bata iL128
pP29508 Serpin B3 SERPINB3
P25622 Kallistatin SERPINA4L
P29965 CD40 ligand, soluble form CD4A0LG
2309380 Neurotensin/nauromedin N NTS
P31025 Lipocalin-1 LCN1
pP311s1 Protein 5100-A7 510047
pP31371 Fibroblast growth factor 9 FGF9
P31431 Syndecan-4 SDCA
P31847 14-3-3 protein sigma SFN
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037455 lﬂnterfemﬁ—induced guanylate-binding protein Gapl
pP32881 Interferon alpha-8 IFNAS
P34096 Ribonuclease 4 RNASE4
P34130 Neurotrophin-4 NTF4
P34820 Bone morphogenetic protein 3B BMP3B
P35030 Trypsin-3 FRSS3
P35052 Secreted glypican-1 GPCL
P35070 Betaceliulin BTC
pP35225% Interleukin-13 L13
P35247 Pulmonary surfactant-associated protein D SFTPD
P35318 ADM ADM
p35542 Serum amyloid A-4 pratein SAA4
P35555 Fibrillin-1 FBNL
P35556 Fibrillin-2 FBN2
P35625 Metaloproteinase inhibitor 3 TIMP3
035858 Insulin-like 'growt'h factor—'bindmg protein (GEALS

complex acid labile subunit

P35916 Vascular endothelial growth factor receptor 3 | FLT4
P35868 Vascular endothelial growth factor receptor 2 | KDR
P36222 Chitinase-3-like protein 1 CHI3LL
P36952 Serpin B5 SERPINBS
P36955 Pigment epithelium-derived factor SERPINF1
P36330 Complement factor H-related protein 2 CFHR2
P35059 Collagen alpha-1{XV) chain COLIsSAL
P38060 Collagen alpha-1{XVIl} chain CoL18Al
P39877 Calcium-dependent phospholipase A2 PLA2GS
P39300 Macrophage metalloelastase MMP12
P35505 Glial cell line-derived neurotrophic factor GDNF
P40225 Thrombopoietin THPO
P40967 M-alpha PMEL
P41159 Leptin LEP
pd41221 Protein Wnt-5a WNTS5A
pa1222 Prostagiandin-H2 D-isomerase PTGDS
041271 dNeurobiastoma suppressor of tumorigenicity NBLL
P41439 Folate receptor gamima FOLR3
P42127 Agouti-signaling protein ASIP
P42702 Leukernia inhibitory factor receptor LIFR
P42830 ENA-78{9-78) CXCLS
P43026 Growth/differentiation factoer 5 GDFS
P43251 Biotinidase BTD
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P43652 Afamin AFM
P45452 Collagenase 3 MMP13
P47710 Casoxin-D CSM1SL
p47929 Galectin-7 LGALSTR
P47872 Neuronal pentraxin-2 NPTX2
P4798% Xanthine oxidase XDH
p47992 Lymphaotactin Xl
P48052 Carboxypeptidase A2 CPAZ
P43061 Stromal cell-derived factor 1 CXCL12
P48304 Lithostathine-1-beta REG1B
P48307 Tissue factor pathway inhibitor 2 TFPI2
P48357 Leptin receptor LEPR
P48594 Serpin B4 SERPINBA
P48645 Neurcredin-U-25 N
P48740 Mannan-binding lectin serine protease 1 MASPL
P48745 Protein NOV homolog NOV
P43960 D97 antigen subunit beta cha7
pP4g223 Kunitz-type protease inhibitor 3 SPINT3
paa747 Cartilage oligomeric matrix protein COMP
P49763 Placenta growth factor PGF
P48765 Vascular endothelial growth factor B VEGFB
P4g767 Vascular endothelial growth factor C VEGFC
P49771 Fms-related tyrosine kinase 3 ligand FLT3LG
P49862 Kallikrein-7 KLK7
P48263 Granzyme K GZMK
P49908 Selenoprotein P SEPPL
p49913 Antibacterial protein FALL-38 CAMP
PS060O7 Tubby protein homolog TUB
P51124 Granzyme M GZMM
p51512 Matrix metalloproteinase-16 MaMPLE
P51654 Glypican-3 GP(3
P51671 Eotaxin CCL11
P51284 Lumican LUm
P51888 Prolargin PRELP
p527%8 Ephrin-Ad EFNA4
P52823 Stanniocalcin-1 5TCL
P53420 Collagen alpha-4{lV} chain COLAA4
p53621 Coatomer subunit alpha COPA
P54108 Cysteine-rich secretory protein 3 CRISP3
P54315 Pancreatic lipase-related protein 1 PNLIPRPL
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pPs4317 Pancreatic lipase-related protein 2 PNLIPRPZ
P54793 Aryisulfatase F ARSF
PESC0G Secreted Ly-6/uPAR-related protein 1 SLURPL
pP55001 Microfibrillar-associated protein 2 MFAP2
P55056 Apolipoprotein C-IV APGC4
P55058 Phospholipid transfer protein pLTP
P55075 Fibroblast growth factor 8 FGF8
p55081 Microfibrillar-associated protein 1 MFAPL
P55083 Microfibril-associated glycoprotein 4 MFPAP4
P55107 Bone morphogenetic protein 3B GDOF10
pEE7Eg i{}aar}gi;e;s;cs;c;eet;réiganuie membrane cp?
P55268 Laminin subunit beta-2 LANMB2Z
p55773 CCL23{30-98} CCL23
Ps5774 C-C motif chemokine 18 CClLig
P5578% FAD-linked sulfhydryl oxidase ALR GFER
P5G703 Proto-oncogene Wni-3 WNT3
P56704 Protein Wnt-3a WNT3A
PS6705 Protein Wnt-4 WNT4
P56706 Protein Wnt-7b WNT78
P56730 Neurotrypsin PR8S12
Ps6E51 Epididymal secretory protein E3-beta EDDM3B
P56S75 Neuregulin-3 NRG3
pPE8062 Serine protease inhibitor Kazal-type 7 SPINK7
p58215s Lysyl oxidase homolog 3 LOX13
P58294 Prokineticin-1 PROKL
P58335 Anthrax toxin receptor 2 ANTXR2
I o R s
p58417 Neurexophilin-1 NXPH1
pP58439 Protein FAM3B FAM3B
P59665 Neutrophil defensin 1 DEFALR
PEYEE6 Neutrophil defensin 3 DEFA3
PEY796 Glutathione peroxidase 6 GPXE
P59826 BPI fold-containing family B member 3 BPIFB3
ps9g27 BP fold-containing family B member 4 BPiFB4
Pssa6l Beta-defensin 131 DEFB131
Pe0022 Beta-defensin 1 DEFB1
P6(153 Inactive ribonuclease-like protein 9 RNASES
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060827 :;;r;z?;:?;!?; tumor necraosis factor- C1OTNFE
PGO8S2 Zona peliucida sperm-binding protein 1 ZP1
DE0GES gfgjéii:acyte differentiation-associated KRTDAS
P61109 Kidney androgen-regulated protein KAP
P61278 Sornatostatin-14 SsY
P61366 Osteocrin OS5TN
PGlo26 Lysozyme C LYz
P6176% Beta-2-microglobulin B2M
P61812 Transforming growth factor beta-2 TGFR2
P61916 Epididymal secretory protein E1 NPC2
PGE2502 Epididymal-specific lipocalin-6 LONG
P62937 Peptidyl-prolyl cis-trans isomerase A PRiA
PE7809 Nuclease-sensitive element-binding protein 1 | YBX1

Signal peptidase complex catalytic subunit
PE7812 5&3511: P P Y SEC1IA
P78310 Coxsackievirus and adenovirus receptor CXADR
P78333 Secreted glypican-5 GPCH
P78380 Oxidized low-density lipoprotein receptor 1 CLRL
p78423 Processed fractalkine CX3CLL
P78509 Reelin RELN
pP78556 CCL20{2-70) CCL20
P8OO7S5 MCP-2{6-76) CCL8
P800S C-C motif chemokine 7 CCL7
080108 ;22z::j:Z;;:S:ii::c{a}sitoi--giycan--speciﬁc SPLDL
pao162 C-X-C motif chemockine 6 CXCLE
Pg118R Neutrophil gelatinase-associated lipocalin LIN2
P80303 Nuctecbindin-2 NUCB2
Pa0s11 Calcitermin $100Aa12
pg1172 Hepcidin-25 HAMP
Pg1277 Prolactin-releasing peptide PRLH
P81534 Beta-defensin 103 DEFB1O3A
P8160s Dermcidin DCD
Pg82279 Protein crumbs homolog 1 CRB1L
P82987 ADAMTS-like protein 3 ADAMTSLS
PE3105 Serine protease HTRA4 HTRA4
PE3110 Serine protease HTRA3 HTRAZ
PB3859 Orexigenic neuropeptide QRFP QRFP
Pa808a Mucin-SAC MUCBAC
P98095 Fibuiin-2 FBLNZ
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P98173 Protein FAM3A FAM3A
QO0604 Norrin NDP
Q00796 Sorbitel dehydrogenase SORD
Qooss7 Pregnancy-specific beta-1-glycoprotein 9 PSGS
(00888 Pregnancy-specific beta-1-glycoprotein 4 PsG4
Q00889 Pregnancy-specific beta-1-glycoprotein 6 P5G6
001523 HD5({56-34) DEFAS
Q01524 Defensin-6 DEFAG
(101955 Collagen alpha-3{IV} chain COLAAR
Q02287 Pro-neuregulin-1, membrane-bound isoform | NRGL
Q02325 Plasminogen-like protein B PLGLBL
02383 Semenogelin-2 SEMG2
Q02388 Collagen alpha-1{Vli) chain COL7AL
Q02505 Mucin-3A MUC3A
Q02509 Gtoconin-90 0Cs6
Q02747 Guanylin GUCAZA
02763 Angiopoietin-1 receptor TEK
Q02817 Mucin-2 MUC2
Q02885 Complement factor H-related protein 3 CFHR3
Q03167 :";?:s;ormmg growth factor beta receptor TGEBR3
Q03403 Trefoil factor 2 TFF2
Q03405 :Jer:ekgzjfe plasminogen activator surface PLALIR
(103591 Complement factor H-related protein 1 CFHR1
Q03652 Collagen alpha-1{X]} chain COL10AL
Q04118 Basic salivary proline-rich protein 3 PRB3
Q04756 S:ag:;z:itocyte growth factor activator short HGEAC
Q04500 Sialorucin core protein 24 D164
(105315 Eosinophil lysophospholipase CLC
Q05707 Collagen alpha-1{XiV) chain COL14AL
Q05996 ;:z;;s;.ezd zona pellucida sperm-binding 2p2
Q06033 Inter-alpha-trypsin inhibitor heavy chain H3 {TiH3
Qo6e141 Regenerating islet-derived protein 3-alpha REG3A
(06828 Fibromodulin FMOD
QQ7082 Collagen alpha-1{XVH chain COL1eAL
Q07328 C-X-C motif chemokine 9 CXCLS
Q07507 Dermatopontin DPT
Q07522 Binder of sperm protein homelog 1 B5PH1
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{07654 Trefoil factor 3 TFF3
Q07689 Sodium channel subunit beta-1 SCN1B
108345 f:i;&;ziildiscoidin dormain-containing ODR1
Q08380 Galectin-3-binding protein LGALS3BP
Q08397 Lysyl oxidase homolog 1 LOXL1
(08431 Lactadherin MFGER
Q08629 Testican-1 SPOCKL
Q08648 Sperm-associated antigen 118 SPAGLIB
Q08830 Fibrinogen-like protein 1 FGLL
Q10471 ::igiegﬁiiofaminyitra nsferase 2 GALNTZ
Q10472 Polypeptide N- ] GALNTL
acetvigalactosaminyliransferase 1
“MP-N-acetylneuraminate-bata-
Q11201 ggfactr\;sa‘niz:i:?;;z;rj;;ak:;{tiaﬁsferase 1 ST3GALL
“MP-N-acetylneuraminate-bata-1,4-
Q1i203 ;‘;‘iﬁact‘\isi;j;l:;;;-r;j:j;:i;tk;:;ife;ise ST3GAL3
“MP-N-acetylneuraminate-bata-
Q11206 :;;‘iﬁactisa‘niz:::g;?gj;::akz;i‘i?m'erase 4 ST3GALA
Q12794 Hyaluronidase-1 HYALL
Q12805 iﬁ(iz?f;izz:;;glﬁbuEiﬂ—iike extracellular EEEMPL
(12836 Zona peliucida sperm-binding protein 4 ZpP4
Q12841 Follistatin-related protein 1 FSTLL
Q900 mifenctionel procei & AP
Q13018 Soluble secretory phospholipase AZ receptor | PLAZRL
Q13072 B melanoma antigen 1 BAGE
13093 Platelet-activating factor acetylhydrolase PLAZGT
013103 Secreted phosphoprotein 24 Spp2
13162 Peroxiredoxin-4 PRDX4
13201 Platelet glycoprotein la* MMRNL
(13214 Semaphorin-38 SEMA3B
Q13219 Pappalysin-1 PAPPA
Q13231 Chitotriosidase-1 CHIT1
(113253 Noggin NOG
(13261 Interleukin-15 receptor subunit alpha IL1SRA
Q13275 Semaphorin-3F SEMA3F
Q13291 Signaling lymphocytic activation molecule SLAMFL
(113316 Dentin matrix acidic phosghoprotein 1 DMP1
113361 Microfibrillar-associated protein 5 MFAPS
013410 Butyrophilin subfamily 1 member Al BTNI1AL
Q13421 Mesothelin, cleaved form MSEN

116

SUBSTITUTE SHEET (RULE 26)




WO 2020/097376 PCT/US2019/060335
Uniprot 1D Protein Name Gene Name
(113429 Insulin-like growth factor | {GF-I
Q13443 S;sr:?;;gi:; s:{i;?;aiioproteinase domain- ADAMS
Q13519 Neuropeptide 1 PNOC
Q13751 Laminin subunit beta-3 LAMB3
Q13753 Laminin subunit gamma-2 LAMC2Z
{13790 Apolipoprotein F APOF

Ectonucleotide
Q13822 pyrophosphatase/phosphodiesterase family ENPP2

member 2
14031 Collagen alpha-6{1V} chain COLAAG
(14050 Collagen alpha-3{IX} chain COLYA3
Q14055 Collagen alpha-2{1X} chain COLoA2
Qldi12 Nidogen-2 NID2
Q14114 ;?;::lif?ty lipoprotein receptor-related LRPS
14118 Dystroglycan DAGL
(14314 Fibroleukin FGL2
014383 Growth arrest-specific protein 6 GASE
L4406 ;ﬁ;::;ji;onic somatomammaotropin hormone- CSHLL
Q14507 Epididymal secretory protein E3-alpha EDDM3A
Q14508 WAP four-disulfide core domain protein 2 WFDC2
(14512 Fibroblast growth factor-binding protein 1 FGFBP1
Q14515 SPARC-like protein 1 SPARCLL
114520 ?g:iisronan—binding protein 2 27 kDa light HABPY
014563 Semaphorin-3A SEMA3A
(114623 Indian hedgehog protein {HH
(114624 Inter-alpha-trypsin inhibitor heavy chain H4 TiH4
Q14667 UPF0378 protein KIAADL00 KIAADL00
14703 ﬁi:;:Ziﬁe—bouiwd transcription factor site-1 MBTEST
QL4766 ;?;Z?r:;;is;ifec::?ng growth factor beta- TBPL
QL4767 ;?;Z?r:;;is;ifec::;mg growth factor beta- TBP2
Q14773 Interceliular adhesion molecule 4 {CAM4
Q14893 Collagen alpha-1{XiX)} chain COL1%AL
Q14CN2 Zailcigr;;:tfacv:;ed chloride channel regulator CLCAA
(15046 Lysine--tRNA ligase KARS
Q15063 Periostin POSTN
QL5109 f‘edcveapie;eid glycosylation end product-specific AGER

117

SUBSTITUTE SHEET (RULE 26)



WO 2020/097376 PCT/US2019/060335
Uniprot 1D Protein Name Gene Name
(115113 Procollagen C-endopeptidase enhancer 1 PCOLCE
Q15166 Serum paraoxonase/iactonase 3 PON3
Q15195 Plasminogen-iike protein A PLGLA
Q15198 Ziﬁitr_::;tdemed growth factor receptor-like PDGERL
Q15223 Poliovirus receptor-related protein 1 PYRLL
(115238 Pregnancy-specific beta-1-glycoprotein 5 PSGS
Q15363 ;i;i?:zezmbmne emp2d domain-containing TMED?
Q15375 Ephrin type-Areceptor 7 EPHA7
015389 Angiopoietin-1 ANGPTL
Q15465 Sonic hedgehog protein SHH
(115485 Ficolin-2 FON2Z
Q15517 Corneodessmaosin CDSN
QL5582 ;:zi:::z?;?gg growth factor-beta-induced TGEBI
Q15661 Tryptase alpha/beta-1 TPSABL
Q15726 Metastin Kiss1
(115782 Chitinase-3-like protein 2 CHI3L2
Q15828 Cystatin-M CST6
Q15846 Clusterin-like protein 1 CLULL
15848 Adiponectin ADIPOQ
(116206 Protein disulfide-thiol oxidoreductass ENOX2
Q16270 Insulin-like growth factor-binding protein 7 IGFBP7
Q16363 Laminin subunit alpha-4 LAMAL
Q16378 Proline-rich protein 4 PFRR4
(116557 Pragnancy-specific beta-1-glycoprotein 3 PSG3
Q16568 CART{42-89} CARTPT
Q16610 Extraceliular matrix protein 1 ECM1
116613 Cardictrophin-1 CTFL
(116623 Syntaxin-1A STXLIA
Q16627 HCC-1{8-74} CCLid
Q16651 Prostasin light chain PRSS8
(16661 Guanylate cyclase C-activating peptide 2 GUCA2ZB
Q16663 CCL15{29-92) CCL1S
Q16674 Melanoma-derived growth regulatory protein | MIA
Q16769 Glutaminyl-peptide cyclotransferase QPCT
Q16787 Laminin subunit alpha-3 LAMAZ

MP-N-ac ) inate- -
Q16842 g;\factisar:;?:z?;;:;g--:iabijiiaransferase 2 ST3GAL2
(17RR3 Pancreatic lipase-related protein 3 PNLIPRP3
Q17RW?2 Collagen alpha-1{XXIV} chain COL24A1
QL7RYS Lymphocyte antigen 6K LYBK
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(1Lelis Prostate-associated microsemineprotein MSMP
Q1W4CY Serine protease inhibitor Kazal-type 13 SPINK13
QLZYLE lzumo sperm-egg fusion protein 4 ZUMO4
29960 :i;?}:i'j;::nhistocompatibiiity antigen, Cw-16 HLAC
Q2I10M5 R-spondin-4 RSPO4
(21409 Serine protease 53 PRSSE3
QZMKA7 R-spondin-1 RSPO1
Q2MV58 Tectonic-1 TCTNL
Q2TALG Brorin VW2
Q2UY09 Collagen alpha-1{XXVill} chain COL28A1
CRVPAL gfgsii:merxt component receptor 1-like CRAL
Q30KP3 Beta-defensin 136 DEFB136
Q30KPY Beta-defensin 135 DEFB13S
Q30KO1 Beta-defensin 133 DEFB133
(30KQ2 Beta-defensin 130 DEFB130
Q30KQ4 Beta-defensin 116 DEFBLi6
Q30KGS Beta-defensin 115 DEFB11S
Q30Ka6 Beta-defensin 114 DEFB114
(Q30KQ7 Beta-defensin 113 DEFB113
Q30KQ38 Beta-defensin 112 DEFB112
Q30KQe Beta-defensin 110 DEFB11O
Q30KR1 Beta-defensin 108 DEFB10OSPL
(132P28 Probyt 3-hydroxylase 1 LEPREL
28742 jﬁia;ctzfri;;;::;:;adoreductase domain- GECD2
Q35Y79 Protein Wnt WNT3A
Q3TI06 ztzii{i\t/ig;?;cs:j;za;e—1—phasphotransferase GNPTAB
Q49576 Membrane metallo-endopeptidase-like 1 MRMELL
QA9AHO Cerebral dopamine neurctrophic factor CONF
Q4G0GH Secretoglobin family 2B member 2 SCGR2B2
QAGOM1 Protein FAM132B FAMI132B
Q40Y38 Beta-defensin 134 DEFB134
QAVAI4 Protein Wnt WNTL08
QAWSPS Pratein TMEM155 TMEMLSS
Q4ZHGA ;irt:;(:;:itin type I domain-containing ENDCL
Q53H76 Phospholipase Al member A PLALA
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(153RDY Fibulin-7 FBLN7
Q53533 BolA-like protein 3 BOLA3Z
Q5BLPR Neuropeptide-like protein C4orfd Chdorf4g
Qs5D721 Serine protease inhibitor Kazal-type 8 SPINKS
Q5EBL8 PDZ domain-containing protein 11 PLOZDLY
Q5FYBO Aryisulfatase J ARSJ
Q5FYB1 Aryisulfatase | ARSI
Q5GAN3 Ribonuclease-like protein 13 RNASE1L2
(5GAN4 Ribonuciease-like protein 12 RMASE12
Q5GANE Ribonuclease-like protein 10 RNASELD
ASGFLG ;z::;;’:/;ii;brand factor A domain-containing VWA
QO5H8AR Neuromedin-S NMS
Q5H8C1 FRASL-related extracetiular matrix protein 1 FREMI1
Q51148 Protein crurbs homolog 2 CRB2
Q5J5C8 Beta-defensin 121 DEFR1Z1
Q51537 NHL repeat-containing protein 3 NHLRC3
(5iTRe Placenta-specific protein 9 PLACS
Q51U6s Torsin-2A TOR2ZA
Q5IXM2 Methyltransferase-like protein 24 METTL24
Q5iZY3 Ephrin type-A receptor 10 EPHALD
Q5K4E3 Polyserase-2 PRS536
Q5SRRA ;ysn:phocyte antigen 6 complex locus protein YEGSC
Q5TiH1 Protein eyes shut homolog EYS
Q5T4F7 Secreted frizzled-related protein & SFRPS
Q5T4W7 Artemin ARTHN
QsT7M4 Protein FAM132A FAM132A
Q5TEHS Protein Wit WNT2B
Q5TIER \};?gt\;‘\;':i;:;and factor A domain-containing VWASEL
Q5UCC4A ER membrane protein complex subunit 10 EMCLO

Abhydrolase domain-containing protein .
asvsTs A A?»)]’ilOSB ) &P FAM10881

/ -conta

QsvTL? ;igt(;?s;tm type |l domain-containing ENDET
Q5VUML UPFG369 protein Coorfs7 Coorfs7
Q5wW43 Dyslexia-associated protein KIAAQ312 KIAAD31S
QSVWW1 Cormplement Clg-like protein 3 C1al3
Q5VXi9 Lipase member N LIPN
Q5VXI0 Lipase member K LIPK
Q5VXML CUB domain-containing protein 2 ChCP2
QSVYX0 Renalase RNLS
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QsVyYY2 Lipase member M LIPM
Q5W186 Cystatin-8 CSTS
Q5WEW9 Regulated endocrine-specific protein 18 RESP18
Q5XG32 Carboxylesterase 44 CES4A
Q63HG2 Pikachurin EGFLAM
Q641043 Meteorin-like protein METRNL
Q66K79 Carboxypeptidase Z CPZ
Q68513 Mucin-17 MUCL7
Q68BL7 Oifactomedin-like protein 2A OLFMIL2A
Q68BLR Cifactemedin-like protein 2B OLFML2B
Q6807 E3 ubiguitin-protein ligase RNF43 RNF43
(6R9Z1 Insulin growth factor-like family member 4 IGFL4
Q6BAAL Fc receptor-like B FCRLB
Q6EDU4 Dermokine DIMIKN
Qb6EMK4 Yasorin YASN
Q6FHI7 Secreted frizzled-related protein 4 SFRP4
QeGPIL Chymotrypsin 82 chain B CTRBZ
Q6GTs8 Probable carboxypeptidase PM20D1 PM20D1
QbHSL7 Isthmin-2 I5M2
Q6IE36 Ovostatin homolog 2 QvQs2
Qele37 Ovostatin homolog 1 Ovosi
Q6IE38 Serine protease inhibitor Kazal-type 14 SPINK 14
Q615S4 rL:;i(;tcC\;/!:tez-as;s;ociated immunoglobulin-like LAIRD
QBIVES Epididymal-specific lipocalin-12 LCN12
Q6IVES Epididymal-specific lipocalin-10 LCN1O
Q6IVES Epididymal-specific lipocalin-8 LLNS
QBKF10 Growth/differentiation factor 6 GOF6
QBeMZW?2 Follistatin-related protein 4 FSTLA
QENSKL Coiled-coil domain-containing protein 70 CCRC70
Q6NT32 Carboxylesterase 54 CES5A
QBHNTS2 Choriogonadotropin subunit beta variant 2 CGR2
QBNUie Chondroadherin-like protein CHADL
Q6NUIL Saposin A-like PSAPLL
Q6P093 Arylacetamide deacetylase-like 2 AADACL2
QHPAASR Phospholipase B-like 1 PLEDL
QBP5s2 UPF0762 protein Cborfs8 Coorfs8
(16P38E Protein notum homolog NOTUM
QBPCEO \;?::tz\:':ifbrand factor A domain-containing VWAL
QEPDAT Sperm-associated antigen 11A SPAGLIA
Q6PEWE Inactive serine protease 54 PRSS54
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(6PEZS Paodocan-like protein 1 FODNLL
QBPKHE S:xg:iei:zez/reductase SDR family DHRSAL2
Q60783 Apolipoprotein A-V APQOAS
QBSPFO Atherin SAMDL
QBUDRS Kunitz-type protease inhibitor 4 SPINT4
QBURKS ;e;z:i,ﬂpmstate and placenta-expressed Tepp
aeUwol Cerebellin-3 CBLN3
QeUWL0 Surfactant-associated protein 2 SFTA2
QHUWILS Regenerating islet-derived protein 3-gamma REG3G
QsuUws3z Insulin growth factor-like family member 1 IGFL1
aeUwW78 UPFO723 protein Cliorf83 Clliorf83
QeUWSS Epigen EPGN
QHAUWES Colipase-like protein 2 CLPSL2
QBUWF7 NXPE family member 4 NXPE4
QEUWFS Protein FAMI180A FAM180A
QEUWMS GLIPR1-like protein 1 GLIPRILL
QHUWNE Serine protease inhibitor Kazal-type 6 SPINKE
QEUWP?2 izzig;?géiiase/reductase SDR farnily BHRS11
QeUWPE Suprabasin SESN
QeUWGs Lysozyme-like protein 1 Lyzil
QeUwWQ7 Insulin growth factor-like family member 2 IGFL2

Ectonucleotide
QHUWR7 pyrophosphatase/phosphodiesterase family ENPPE

maimber 6 soluble form
QeUwWT2 Adropin ENHO
QeUwWU2 Beta-galactosidase-1-like protein GLB1L
QBUWWO Lipocalin-15 LCN15
QBUWX4 HHIP-like protein 2 HHIPL2
QeUWYo Aryisulfatase K ARSK
QeUWwWY2 Serine protease 57 PRSSS7
QHUWYS Oifactomedin-like protein 1 OLFMLL
QBUX06 Oifactomedin-4 OLFMA4
QBUXOT S:xg:glegnase/reductase SDR family DHRS13
QeUx3s Amelotin AMTN
Q6UX46 Protein FAM150B FAMI50B
QBUXT73 UPFO764 protein C160rf88 Cleorfas
QBUXBO Protein FAMI131A FAM131A
QeUXB1 Insulin growth factor-like family member 3 IGFL3
Q6UXB2 VEGF co-regulated chemokine 1 CXCL17
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QeUXF7 C-type lectin domain family 18 member B CLEC18R
QBUXHO ?Sggtoceiiuiar carcinoma-associated protein 190620
Q6UXH1 Cysteine-rich with EGF-like domain protein 2 | CRELD2
QEUXHE iij:ta;gii:;nsr;:?z;tj?—binc‘mg EGF domain- CCBEL
QHUXHS Inactive serine protease PAMRL PAMRL
QBUXI7 Vitrin VIT
QEUXI9 Nephronectin NPNT
Q6UXN2 Trem-like transcript 4 protein TREML4
QHUXSD C-type lectin domain family 19 member A CLECISA
QeUXT8 Protein FAM150A FAM1S0A
QeUXT9 Abhydrolase domain-containing protein 15 ABHDI1S
QeUXV4 Apolipoprotein O-like APOOL
QHUXXKS Inter-alpha-trypsin inhibitor heavy chain He iTiHe
QBUXXS R-spondin-2 RSPOZ
aelyis ADAMTS-like protein 4 ADAMTSLA
Qeuy27 Prostate and testis expressed protein 2 PATEZ
QHW4AXS Mucin-6 MUCE
QBWN34 Chordin-like protein 2 CHRDL2
QEWRIO Imrunoglobulin superfamily member 10 IGSF10
Q6X4u4 Sclerostin demain-containing protein 1 SOSTDCL
QpX784 Zona peliucida-binding protein 2 ZPBRP2
(6XE38 secretoglobin family 1D member 4 SCGR1D4
QEXPR3 Repetin RPTN
QE6XZBO Lipase member | LIf
QHZMM2 ADAMTS-like protein 5 ADAMTSIES
QEZMPO ‘;?rx;?;;bzspondm type-1 domain-containing THSDA

I2ime murale ae Ve atase-like
QEZNFG lpr:;ri,:‘:m purple acid phosphatase-like PAPL
QHZRIO QOtogelin 070G
(Q6ZRP7 Sulfhydryl oxidase 2 QS0K2
Q6ZWI8 Kielin/chordin-like protein KCP
Q75N90 Fibrillin-3 FBN3
Q76510 Urctensin-28 uTsz2o
(Q76BS8 Protein FAMSC FAMSC
Q76M86 Coiled-coll domain-containing protein 8¢ CCDCao
Q71155 Carbohydrate sulfotransferase 9 CHSTS
Q71513 Fc receptor-like A FCRLA
Q71L8A% Vasohibin-1 VASHL
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Q7RTM1L Otopetrin-1 OTOPL
Q7RTWS Ctoancorin OTOA
Q7RTYS Serine protease 48 PRSS48
Q7RTY7 Ovochymase-1 OVCHL
Q7RTZL Ovochymase-2 OVCH2
Q77304 MAM domain-containing protein 2 MAMDCZ
Q772389 Notch homelog 2 N-terminal-like protein NOTCHZNL
Q7Z24H4 Intermedin-short ADM2
Q774P5 Growth/differentiation facter 7 GDF7
Q7Z4R8 UPFOBES protein Coorfl120 CHorfl20
QTZ4W2 Lysozyme-like protein 2 LYZL2
Q772544 Serine protease 42 PRS542
Q775A7 Protein FAM19AS FAMI19AS
Q7Z5A8 Protein FAMI19A3 FAMI9A3
Q77549 Protein FAMI19AL FAMI9AL
Q77551 ;:;;i;:::;ysteroid 11i-beta-dehydrogenase 1-like HSD11B1L
Q775L0 ;/g;}iz?;gmtmbram cuter layer protein 1 VMO1
Q72513 Complement Clg-like protein 2 ciqaiz
Q77517 Podocan PODN
Q775P4 17-beta-hydroxysteroid dehydrogenase 13 HSD17B13
Q7Z5P% Mucin-19 MUCLS
Q725Y6 Bone morphogenetic protein BA BMIPBA
Q72787 Beta-defensin 132 DEFB132
Q72788 Beta-defensin 128 DEFR128
QTZ7C8 Transcription initiation factor TFID subunit 8 | TAF8
Q7ZTHS ’;:';?;r:eambrane emp24 domain-containing TMEDA
QR65G7 Lysozyme g-like protein 2 LYG2
(186819 Protein CE! C50rf38
Q&6TE4 Leucine zipper protein 2 LuzZpz
Q&86TH1L ADAMTS-like protein 2 ADAMTSE2
Q86L17 Serpin ALl SERPINALL
Q86UUS Endokinin-A TAC4
Q86UWS valuronan and proteoglycan link protein 4 HAPLN4
Qa6UX2 Inter-alpha-trypsin inhibitor heavy chain H5 ITiHS
Qgev24 Adiponectin receptor protein 2 ADIPOR2
Q86VR7 Soluble CD163 Chi63
QE&GVRSE Four-jointed box protein 1 FIX1
QREWD7 Serpin AS SERPINAG
(I86WN2 Interferon epsilon IFNE
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(186WS3 Placenta-specific 1-like protein PLACIL
Q86X52 Chondroitin sulfate synthase 1 CHSY1
Q8EXPH Gastrokine-2 GKNZ
(86XS85 Angiopoietin-related protein 5 ANGPTLS
(86Y27 B melanoma antigen 5 BAGES
Q86Y28 B melanoma antigen 4 BAGE4S
Q86Y29 B melanoma antigen 3 BAGE3
Q86Y30 B melanoma antigen 2 BAGE2
(186Y38 Xylosyitransferase 1 X¥iT1
QE&6Y78 Ly6/PLAUR domain-containing protein 6 LYPDG
Q86YD3 Transmembrane protein 25 TMEM2ZS
(36Yl6 Threonine synthase-like 2 THNSL2
Q86YW7 Glycoprotein hormone beta-5 GPHBS
Q867223 Complement Clg-like protein 4 C1QL4
Qalus7 Interleukin-28 receptor subunit zipha ILZ8RA
QBIUVAD WAP four-disulfide core domain protein 8 WFDC8
Q8IB2 WAP four-disulfide core dorain protein 3 WFDC3
Q&IUB3 Protein WFDCLI0B WFDC10B
Q8IURS WAP four-disulfide core domain protein 13 WFDC13
QBIUH2 Protein CREG2 CREG2
Q8ILKS Plexin domain-containing protein 1 PIXDCL
Q8IULR Cartilage intermediate layer protein 2 C2 CiLP2
QaIUX7 Adipocyte enhancer-binding protein 1 AEBPL
(8IUXE Epidermal growth factor-like protein 6 EGFLG
Q8IVL8 Carboxypeptidase G CPC
Q8IVWE Protain spinster hoemolog 2 SPNS2
QaIW75 Serpin Al2 SERPINAL2
(181W92 Beta-galactosidase-1-like protein 2 GEB1LZ
Q8IWL1 Pulmonary surfactant-associated protein A2 SFTPAZ
Q8IwWL2 Pulmeonary surfactant-associated protein Al SFTPAL
QB3IWV2 Contactin-4 CNTN4
Q8IWY4 i;g:;ig;z{;zzt;l;ﬁland EGF-like domain- SCUBEL
Q8IX30 i;gnﬁtziisii?;)zt;l;ﬁgand EGF-like domain- SCUBE3
Q3B1L Dnal homolog subfamily C member 10 DNAICIO
QBIXLG E:;zc@eéiuiar sering/threonine protein kinase EAMZOC
Q8IYDs Lung adenoma susceptibility protein 2 LAS2
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QgIYP2 Serine protease 58 PRSSES
QBIYSS i)es;:;tcijst-associated immunoglobulin-like OSCAR
Q8I72¢s Collagen alpha-1{XXVii} chain COL27A1
Q8IZNT7 Beta-defensin 107 DEFBLO78B
QANOV4 Leucine-rich repeat LGI family member 2 LGi2
(I8N104 Beta-defensin 106 DEFB1OGB
Q8N11% Matrix metalloproteinase-21 MMP21
Q8N12% Protain canopy homolog 4 CNPY4
Q2N135 Leucine-rich repeat LG! family member 4 LGi4
(18N145 Leucine-rich repeat LG! family member 3 LGI3
Q8N158 Glypican-2 GPC2
Q8N1E2 Lysozyme g-like protein 1 LYG1
Q8NZE2 f:::tg:j:::r;:;;;wr D and EGF domain- VWDE
QBN2E6 Prosalusin TOR2A
Q8N251 L,?;Zi;;:?z?;‘;n;ng growth factor beta- L TBPa
Q8N302 /;xgii:?ﬁesnic factor with G patch and FHA AGGEL
(QBN307 Mucin-20 MUC20
(Q8N323 NXPE family member 1 NXPEL
Q8N387 Mucin-15 MUCLS
Q8N3Z0 Inactive serine protease 35 PRSS35
(I8N436 Inactive carboxypeptidase-like protein X2 CPXM2
Q8N474 Secreted frizzled-related protein 1 SFRP1
Q8N475 Follistatin-related protein 5 FSTLS
QBN4FO BPl fold-containing family B member 2 BPRIFB2
O8NATH Carboxypeptidase A6 CPAG
Q8NEW3 Protein FAMZ4B FAMZ24B
Q8&N687 Beta-defensin 125 DEFB125
QBNE88 Beta-defensin 123 DEFB123
(IBNES0C Beta-defensin 119 DEFBL1S
Q8N6CS Immunoglobulin superfamily member 1 IGSF1
Q8Nb6GH ADARMTS-like protein 1 ADAMTSLL
QBNEY2Z Leucine-rich repeat-containing protein 17 LRRC17
(8N729 Neuropeptide W-23 NPW
Q8N8US BM P-binding endothelial regulator protein BMPER
Q8NSO7 DAN domain family member 5 DANDS
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OBNAT1 ;izi;i?:i;ransferaseﬂike domain-containing GTDCS
QSNAUL :::;;;?:;tm type Hl domain-containing ENDCS
Q8NB37 ;(:::er;:oln disease 7 domain-containing PDDCL
(IBNBI3 Draxin DRAXIN
Q8NBME Prenyicysteine oxidase-like PCYOX1L
Q8NBP7 Proprotein convertase subtilisin/kexin type 8 | PCSKS
QaNBQS Estradiol 17-beta-dehydrogenase 11 H5D17B11
O8NBVE Synapiotagmin-8 sYTe
Q8NCC3 Group XV phospholipase A2 PLA2G1S
QENCF0 C-type lectin domain family 18 member C CLEC18C
QBNCWS NAD({P}H-hydrate epimerase APOALRP
(8NDAZ Hemicentin-2 HMCNZ
QENDYD éy;;phocyte antigen 6 complex locus protein LVEGSE
Q8NDZ4 Deleted in autism protein 1 C30rf58
QENERY Acrosin-binding protein ACRBP
QBNESB Beta-defensin 124 DEFB124
Q8NETL Beta-defensin 1088 DEFB1O8B
Q8NEXS Protein WFDCS WFDC
Q&NEX6 Protein WFDCL1 WFDCL1
(Q8NF86 Serine protease 33 PRSS33
Q8NFMT Interleukin-17 receptor D {LI7RD
Q8NFQ5 BP| fold-containing family B member 6 BPIFBS
QENFOB BPI fold-containing family C protein BPIFC
QANFL4 Follicular dendritic cell secreted peptide FDCSP
O8NFW1 Collagen alpha-1{XXli} chain COL22A1
Q8NG35 Beta-defensin 105 DEFB105B
Q8NG4L Neurcpeptide B-23 NPB
QBNHWE Otospiralin OT10s
CI8NIS9 Angiopoietin-related protein & ANGPTLS
Q8TAAL Probable ribonuclease 11 RNASELL
QRTAGS ‘};/;?;;nj;rammembrane domain-containing VETIIZA
Q8TALE Fin bud initiation factor homolog FIBIN
QBTAT2 Fibroblast growth factor-binding protein 3 FGFBR3
Q8TAXY Mucin-7 MUCT
Q&TB22 Spermatogenesis-associated protein 20 SPATAZ0
Q&TBR73 Protein NDNF NDNF
Q8TB%6s T-cell immunomodulatory protein TrG1
Q8TC92 Protein disulfide-thiol oxidoreductase ENOX1
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Q8TCVS WAP four-disulfide core domain protein 5 WFDCS
Q8TD06 Anterior gradient protein 3 homolog AGR3
Q8TD33 Secratoglobin family 1C member 1 SCGRIC
QaTD46 Cell surface glycoprotein CD200 receptor 1 CB200R1
(8TDE3 Ribonuclease 8 RMASES
Q8TDF5 Neuropilin and tolloid-like protein 1 NETO1L
Q8TDLS BPI fold-containing family 8 member 1 BPIFRL
Q8TESY Acid phosphatase-like protein 2 ACPL2
Q8WTQ1 Beta-defensin 104 DEFB1048
Q8WTRS Netrin-5 NTNS
Q8WUES Protein TSPEAR TSPEAR
Qa8WUAS Tsukushin T5KU
QBWLIFS Protein FAM172A FAM172A
Qw1 Neuferricin CYBSD2
Q8WUY1 UPFO670 protein THEMG THEME
Q8WVNG Secreted and transmembrane protein 1 SECTMT
QaWVQL Soluble calcium-activated nuclectidase 1 CANTL
Q8WWAQD Intelectin-1 TLNL
QEWWGI Neuregulin-4 NRG4
QaWwWQ2 Inactive heparanase-2 HPSE2
QaWWU7 Intelectin-2 TLNZ
Q8WWY7 WAP four-disulfide core dorain protein 12 WFDC12
QEWWYSB Lipase member H LIPH
Q8WWZ8 Oncoprotein-induced transcript 3 protein OiT3
QRWX39 Epididymal-specific lipocalin-9 LCNB
Q8WKAZ Prostate and testis expressed protein 1 PATEL
QE8WXD2 Secratogranin-3 SCG3
QBWXF3 Relaxin-3 A chain RLN3
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O8WKI7 Mucin-16 MUCLE
QEWX(8 Carboxypeptidase A5 CPAS

A disintegrin and metalloproteinase with
QBWXS8 thrombo:pondin raotifs 1531 ADAMTS14
Q892486 Complement factor H-related protein 4 CFHR4
082520 Protein FAM3C FAM3C
(192563 Testican-2 SPOCK2
Q92583 C-C motif chemokine 17 CCL17
082626 Peraxidasin homolog PXDN
Q92743 Serine protease HTRAL HTRAL
{92752 Tanascin-R TNR
Q92765 Secreted frizzled-related protein 3 FRZB
052819 Hyaluronan synthase 2 HAS2
Q92820 Gamma-glutamyl hydrolase GGH
(192824 Proprotein convertase subtilisin/kexin type 5 | PCSKS
Q92832 Protein kinase C-binding protein NELL1 NELL1
092838 Ectodysplasin-A, membrane form EDA
Q92874 Decoxyribonuclease-1-like 2 DNASELL2
(192876 Kallikrein-6 KLKE
Q92913 Fibroblast growth factor 13 FGF13
092954 Proteogiycan 4 C-terminal part PRG4
93038 21;:3;;@;;0555 factor receptor superfamily TNERSFZS
Q93091 Ribonuclease K6 RNASES
(193087 Protein Wnt-2b WNT2B
93088 Protein Wnt-8b WNTER
Q95460 ﬁ?j?;dh;;:?;?ia;:ﬁiity complex class I- MR1
Q96909 Thymic stromal lymphopoietin TsLP
Q96a3EL Liver-expressed antimicrobial peptide 2 LEAP2
(196318 UPFO556 protein C180rfl0 C1l30orfl0
Q963Y0 NXPE family member 3 NXPE2
QS6A54 Adiponectin receptor protein 1 ADIPORL
Q96A83 Collagen alpha-1{XXVi} chain EMID2
(96A84 EMI domain-containing protein 1 EMIDE
Q396A98 Tuberoinfundibular peptide of 39 residues pPTH2
0S6ASS Pentraxin-4 PTX4
Q96BH3 Epididymal sperm-binding protein 1 ELSPBP1
Q96BQL Protein FAM3D FAM3D
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036CG3 ;I;);E;%inltripie helix repeat-containing CTHRCL
(96DA0 Zymogen granule protein 16 homolog B ZG168
Q9EDN2 zzgt\;'\;’;j::zr;:oc;‘;ctor C and EGF domain- VWCE
Q96DRS BP| fold-containing family A member 2 BPIFA2
Q3960RY Mucin-like protein 1 MUCLI
Q9EDX4 ;::Gei:r;ger and SPRY domain-containing REPRY1
(QS6EE4 Coiled-coill domain-containing protein 126 CCDCize

Ty se domain-containi sted
Q96GSE /;x:;/‘/ldg;;ale domain-containing protein EAM10SAL
Q96GW7 Brevican core protein BCAN
Q96HF1 Secreted frizzled-related protein 2 SFRP2
Q96182 fg;i;%i: ;eiz?ee;npzotease inhibitor domain- KAZALDA
Q36I05 Immunoglobulin superfamily member 21 IGSF21
QS6IY4 Carboxypeptidase B2 P82
(196186 Lysyl oxidase homolog 4 LOXL4
Q96ik4 HHIP-like protein 1 HHIPLL
QB6KN2 Beta-Ala-His dipeptidase CNDPL
QS6KWa Protein SPACAT SPACAT
QOaKX0 Lysozyme-like protein 4 LYZi4
Q9615 Ecto-ADP-ribosvitransferase § ARTS
Q56LB8 Peptidoglycan recognition protein 4 PGLYRP4
Q9S6LEBS Peptidoglycan recognition protein 3 PGLYRP3
Qeale? Sialic acid-binding ig-like lectin 10 SIGLECLD
Q96LR4 Protein FAM19A4 FAM1SA4
QOB86MK3 Protein FAM20A FAMZO0A
Q96MS3 E:iz:isr:,liiraﬂsferase 1 domain-containing GLTIDL
COENYS Zrocessec poliovirus receptor-related protein PVRLA
QS6NZS Proline-rich acidic protein 1 PRAPL
Q96P44 Collagen alpha-1{XXi} chain CoL21A1
Q96PB7 Noelin-3 OLFM2
Q36PCE Melanoma inhibitory activity protein 2 MiAZ
Q96PD5 N-acetylmuramovyl-L-alanine amidase PGLYRP2
Q96PHG Beta-defensin 118 DEFB118
Q96PL1 Secretoglobin family 3A member 2 SCGB3AZ
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096PL2 Beta-tectorin TECTS
Q960QHS8 Sperm acrosome-associated protein 5 SPACAS
Q96QR1 Secretoglobin family 3A member 1 SCGR3AL
QseQuUil Protocadherin-15 PCDHI15
Q960vV1 Hedgehog-interacting protein HHIP
Q96RW7 Hemicentin-1 HMCNL
Q56542 Nodal homolog NODAL
Q96586 Hyaluronan and proteoglycan link protein 3 HAPLN3
(196SL4 Glutathione peroxidase 7 GPXY
Q965M3 Probable carboxypeptidase X1 CPXML
Q96791 Glycoprotein hormone alpha-2 GPHA2
Q99062 f;j;j:g:yte colony-stimulating factor CSEIR
(99102 Mucin-4 alpha chain MUC4
99217 Amelogenin, X isoform AMELX
099218 Amelogenin, Y isoform AMELY
Q89435 Protein kinase C-binding protein NELLZ NELLZ
(99470 stromal cell-derived factor 2 SDF2
(199542 Matrix metalloproteinase-19 MMP19
Q5957 Neuroserpin SERPINIL
099534 Protein S100-A13 $100A13
(199616 C-C motif chemokine 13 CCL13
(199645 Epiphycan EPYC
Q99674 gfiiti:*;)\tfth regulator with EF hand domain COREFL
Q89715 Collagen alpha-1{Xil} chain COL12A1
Q89727 Metalloproteinase inhibitor 4 TiMP4
(99731 C-C motif chemokine 19 CCL1g
(199748 Neurturin NRTN
099935 Proline-rich protein 1 PROL1
59542 E3 ubiguitin-protein ligase RNFS RNFS
(199344 Epidermal growth factor-like protein 8 EGFL8
Q99954 2?:;:?:2?\/ gland androgen-regulated SMR3A
(99969 Retinoic acid recepior responder proiein 2 RARRES2
Q359972 Myaocilin MYOC
0995983 Osteomodulin OMD
99985 Semaphoerin-3C SEMASC
(199988 Growth/differentiation facter 15 GDF15
Q5BPW4 Apolipoprotein 14 APDLA
Q9BQO8 Resistin-like beta RETNLB
(9BGLe Testican-3 SPOCKR
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Q9BGS1 Programmed cell death 1 ligand 2 POCDLLG2
Q9BQOR4 Sclerostin SOST
Q9BGI4 Coiled-coll domain-containing protein 3 CCDC3
QSBGPS BPl fold-containing family A member 3 BPIFA3
Q9BGR3 Serine protease 27 PRSS27
Q8BQYs WAP four-disulfide core domain protein 6 WFDCE
Q9BRRG ADP-dependent giucokinase ADPGK
Q9Bs36 Zona pellucida-binding protein 1 ZPBP
Q9BSGO Proae'ase—assoc;ated domain-containing PRADCI

protein 1
(I9BSGS Retbindin RTBDN
Q9BT20 Probabﬁg alpha-ketoglutarate-dependent ALKEHT
dioxygenase ABH7
Q5BT56 Spexin Cl12orf38
QSBT67 NEDD4 family-interacting protein 1 NDFIPL
Q9BTY2 Plasma alpha-L-fucosidase FUCA2
Q9BU4D Chordin-like protein 1 CHRDL1
Q9BUDE Spondin-2 SPON2
Q8BUN1 Protein MENT MENT
QOBURS Apoclipoprotein O APQOQO
Q3BYVS4 ER degrgdatsor?-enhancmg alpha- EDEM?
mannosidase-like 2
(QOBWPR Collectin-11 COLECLL
Q5BWS9 Chitinase domain-containing protein 1 CHIDL
Q38BX67 Junctional adhesion molecule C JAM3
ey i - ~ >t =Y H - 3 - H
Q9BX03 Gro‘ugixllB secretory phospholipase A2-like PLAZG1IB
protein
sement Clo fi ‘necrosis factor-
QOBXI Compiamen.'c g tumor necrosis factor C1QTNFE
related protein 6
Complement Clg tumor necrosis factor- -
QIBXI0 , CLOTNFS
related protein 5
Complement Clg tumor necrosis factor- -
Q9aBXi1 , CLOTNFL
related protein 1
+ C1 i e f -
CLORXI2 Com‘piemenulc_q tumor necrosis factor CICITNET
related protein 7
+ C1 i e f -
CORKI3 Compiemenu'c_q tumor necrosis factor CLCITNES
related protein 4
QORKIA Compiemem'&q tumor necrosis factor- CLOTNE3
related protein 3
QOBXIS Compiemem'&q tumor necrosis factor- CIOTNE?
related protein 2
QSBXNL Asporin ASPN
Q9BXP8 Pappalysin-2 PAPPAZ
(19BXRE Complement factor H-related protein & CFHRS
Q9BXSO Collagen alpha-1{XXV} chain COL25A1
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QOBXXO EMILIN-2 EMILINZ
QoBXY4 R-spondin-3 RSP(O3

Sign; tidase cof 2y catalytic s Vit
QOBYS0 Ef:g\igep idase complex catalytic subunit CEC1LC
QSBY76 Angiopoietin-related protein 4 ANGPTLA
QoBYF1 Processed angiotensin-converting enzyme 2 ACEZ
Q9BYIO Fibroblast growth factor-binding protein 2 FGFBRF2
QIBYW3 Beta-defensin 126 DEFB126
QOBYX4 S;t:;i::;r;—?:iﬁ:?:;eiicase C domain- o
QSBYZ8 Regenerating islet-derived protein 4 REG4
Q9RZ76 Contactin-associated protein-like 3 CNTNAP3
(9BRZGY Ly-6/neurotoxin-like protein 1 LYNX1
Q9BZI3 Tryptase delta TPSD1
Q8BZM1 Group XiA secretory phospholipase A2 PLA2GIZA
Q9BZM2Z Group lIF secratory phospholipase A2 PLA2G2F
(OBRZMS NKG2D ligand 2 UiBP2
Q9BZP6 Acidic mammalian chitinase CHIA
Q38BZZ2 Sialoadhesin SIGLECL
QoCoBs Protein FAMSB FAMGSB
Q9GZIM7 Tubulointerstitial nephritis antigen-like TINAGLL
Q5GZN4S Brain-specific serine protease 4 PRSS22
Q9GZPY iiz;eiieg—fi\j;ved growth factor D, receptor- DGED
QB8GZTS Protein Wnt-10a WNTL0A
QOGZLS Nyctalopin NYX
Q9GZIV7 Hyaluronan and prateoglycan link protein 2 HAPLN2
Q9GZVS Fibroblast growth factor 23 FGF23
Q9GZX9 Twisted gastrulation protein homolog 1 TWSG1
QeGZzZ7 GDNF family receptor alpha-4 GFRA4
(Q9G7Z8 Extraceliular glycoprotein lacritin LACRT
QoHOBS i;;i:ifﬂ;? secratory protein LCCL domain- CRISPLDZ
Q9H106 Signal-regulatory protein delta SIRPFD
QO8H114 Cystatin-like 1 CSTL
Q9H173 Nucleotide exchange factor SILL Sikl
QYH1EL Ribonuclease 7 RMNASE7
QIHI1FO WAP four-disulfide core domain protein 10A | WFDCL0A
QSH1I5 Protein Wnt-8a WNT8A
Q9H1I7 Protein Wnt-5b WNT5B
QIHIM3 Beta-defensin 129 DEFB129
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Uniprot 1D Protein Name Gene Name
(8H1M4 Beta-defensin 127 DEFB127
QoH1Z8 Augurin C2orf40
Q9H239% Matrix metalloproteinase-28 MRMP28
QOH2A7 C-X-C motif chemokine 16 CXCL16
(9HZAS Carbohydrate sulfotransferase 8 CHSTS
QOH2ZRS Kallikrein-15 KLK1S
QBH2ZX0 Chordin CHRD
QOH2X3 C-type lectin domain family 4 mamber M CLECAM
(19H306 Matrix metalloproteinase-27 MMP27

veteine-ri seretory nrotel L ain-
QSH336 E;;ZE;;;? secratory protein LCCL domain CRISPLDL
QSH3E2 Sorting nexin-25 SNX25
QOB5H3R2 Mucin-13 MUCL3
QOH3U7 ztgi(fﬁr;iated modular calciume-binding SMOC?
QOH3YD Peptidase inhibitor R3IHDML R3IHDML
Q9H4AL Aminopeptidase B RNPEP
QSH4FR Egiifr;rfiated modular calcium-binding SMACE
QOH4G1 Cystatin-9-like CSTSL
QSH5VE CUR domain-containing protein 1 ChCpt
Q9HBRS Epoxide hydrolase 3 EPHX3
Q9HeE4 Coiled-coil domain-containing protein 134 CChCi34
Q9H741 UPF0454 protein C120rf49 C12o0rf4s
Q8H772 Gremiin-2 GREM?2
QOH7YD Deleted in autism-related protein 1 CXorf36
{(19H8LE Multimerin-2 MMRNZ
Q9HBS5 Fukutin-related protein FKRP
QSHATZ Sialate Q-acetylesterase SIAE
QSHBA40 Retinoid-inducible serine carboxypeptidase SCPEPL
(ISHB63 Netrin-4 NTN4G
QI9HBIO Placenta-specific protein 1 PLACL
Q8HC23 Prokineticin-2 PROK2
QOHCS7 WAP four-disulfide core domain protein 1 WFDC1
(GHC73 Cytokine receptor-like factor 2 CRLF2
Q3HC84 Mucin-58 MUCSB
QSHCBE Spondin-1 SPONL
QOHCGY Neuropeptide NPSF NPVFEF
QIHCTO Fibroblast growth factor 22 FGF22
Q3HDEY Resistin RETN
QINNXL Tuftelin TUFT1
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(IONNXE €209 antigen €209
QINP55 BP| fold-containing family A member 1 BPIFAL
QSNP70C Amaioblastin AMBN
QONPIS Fibroblast growth factor 20 FGF20
QBNPYS :;igigiring receptor expressed on myeloid TREM
(QONPAZ Matrix metalloproteinase-25 MMP25
Q9NPE2 Neugrin NGRN
QSNPHO Lysophosphatidic acid phosphatase type 6 ACPE
QONPHSE Odorant-binding protein 2b OBP2B
Q9NGQ30 Endothelial cell-specific molecule 1 ESAI
QSNQ36 i;g:gﬁés;;;t;}dztg;iand EGF-like domain- SCUBED
QoNG38 Serine protease inhibitor Kazal-type 5 SPINKS
QSNQ76 Matrix extracellular phosphoglycoprotein MEPE
QSNQ78 Cartilage acidic protein 1 CRTACL
QBNRLE ic;z;/:;;g;rlreeéeptor cysteine-rich type 1 CD163LA
{I9NR23 Growth/differentiation factor 3 GDF3
Q5NR71 Neutral ceramidase ASAHZ
QSNR329 Matrix-remaodeling-associated protein 5 MXRAS
QONRAL Platelet-derived growth factor C PDGFC
(IONRCS Ctoraplin OTOR
Q9NREL Matrix metalloproteinase-26 MMP26
QOSNRI3 C-C motif chemokine 28 CCL2g
QONRM1 Enamelin ENAM
CQONRNS Oifactomedin-like protein 3 OLFML3
Q9NRR1 Cytokine-like protein 1 CYTLL
QONS1S ;?;Z?r:;;is;ifecz:gmg growth factor beta- (TBP3
CISNSE2 Thron.‘:bospondm type-1 domain-containing THSDL

protein 1
QOSNS71 Gastrokine-1 GKN1
QONSS8 Seraphorin-3G SEMA3G
(9NSAL Fibroblast growth factor 21 FGF21
QONT22 EMILIN-3 EMILING
QOSNTU7 Cerabellin-4 CBLN4
QONVRC Kelch-like protein 11 KLHL11
Q9NWH7 Spermatogenesis-associated protein 6 SPATAL
QSNXC2 jﬁia;ctzfri;;;::;:fdoreductase domain- GEOD
QSNYS6 Odorant-binding protein 2a OBPZA
QOSNY84 Vascular non-inflammatory molecule 3 YNN3
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Q9NZ20 Group 3 secretory phospholipase A2 PLA2G3A
QONZE2 z;i;;;giriﬂg receptor exprassed on myeloid TREM?
Q9NZKS Adenosine deaminase CECR1 CECR1
QONZKT Group HE secretory phospholipase A2 PLAZG2E
Q9NZPB Complement Clr subcomponent-like protein | CIRL
QONZV1 Cysteine-rich motor neuron 1 protein CRIM1
Q9NZWA4 Dentin sialoprotein DSPP
QSP0OG3 Kallikrain-14 Kiki4
QOPOWO Interferon kappa IFNK
(19p218 Collagen alpha-1{XX} chain COL20A1
QspP2C4 Transmermbrane protein 181 TMEM181
Q5P2K2 Thioredoxin domain-containing protein 16 TENDCLe
QouUBC7 Galanin-like peptide GALP
QouUBn3 Cytokine SCM-1 beta XCL2
QsuBDS Cardiotrophin-like cytokine factor 1 CLCF1
QOsUBM4 Opticin OPTC
QouBPr4 Dickkopf-related protein 3 DKK3
QouBQs Exostosin-like 2 EXTL2
Q3UBRS Chemokine-like factor CKLF
QOUBSS Z&j;::;s—laminobutyric acid type B recepior CABBRL
Q2UBT3 Dickkopf-related protein 4 short form DKK4
QsusyUz Dickkopf-related protein 2 DKK2
(oUBU3 Ghrelin-28 GHRL
QoUBvV4 Protein Wnt-16 WNTL6
QSUBXS Fibulin-5 FBLNS
QouUBX7 Kallikrein-11 KLKIL
QOUEF7 Klotho KL
QBUFPL Protein FAM198A FAMI98A
QSUGM3 Deleted in malignant brain tumors 1 protein DMBTL
QOUGMS Fetuin-B FETUB
QouGP8 Translocation protein SEC63 homolog SEC63
QBUHFS Neurokinin-B TAC3
QBUHF1 Epidermal growth factor-like protein 7 EGFL7
QOUHG2 ProSAAS PCSKIN
QouUHL4 Dipeptidyl peptidase 2 DPP7
Qsui42 Carboxypeptidase A4 CPA4
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QBUIG4 ;:z?;:s susceptibility 1 candidate gene 2 PSORSICY
QoUIKS Tomoregulin-2 TMEFF2
QoUI0s E:?j;g;:g:;;nyi amingpeptidase, pregnancy LNPER
Ectonuclectide
Q3UIAS pyrophosphatase/phosphodiesterase family ENPPS
member 5
QoUIHE Meteorin METRN
QsUL9 I;&L;;ii-‘;zii::j;oms:miﬁe-1-phosphotraﬁsferase GNPTG
Qoulw2 Tubulointerstitial nephritis antigen TINAG
QauUKos Growth/differentiation factor 2 GDF2
QBUKSS Protain Z-dependent protease inhibitor SERPINALG
QOUKRBS Dickkopf-like protein 1 DKKL1
QsUKIL :f;rhzd immunoglobulin-like type 2 receptor DILRA
QoUKQ2 S;:?at;%:g s:;izﬁ:?;opmteinase domain- ADAM28
QeuKas KaHikrein-9 KLK9
Q9IUKRO Kallikrein-12 KLKi2
QBUKR3 Kallikrein-13 KLK13
QSUKUS Angiopoietin-related protein 2 ANGPTL2
QouUKz9 Procolagen C-endopeptidase enhancer 2 PCOLCE2
QoULS2 z;j:;?j?ht;ﬁne protease serine 11E non- TMPRSSLLE
QouLCo Endomucin EMCN
Q3uULI3 Protein HEG homoleg 1 HEGL
QsuULZ1 Apelin-13 APLN
QouLzZs Matrix metalloproteinase-17 MMP17
1 T o A hata M
0L esaminglransernse A soluble form | MOAT4
QoumM22 Mammalian ependymin-related protein 1 EPDR1
QoUM73 ALK tyrosine kinase receptor ALK
QSuUMDa 97 kDa linear IgA disease antigen COL17A1
QOUMKS Neudesin NENF
QOUNT3 Protocadherin alpha-6 PCOHAS
QIUNIL Chymotrypsin-like elastase family member 1 | CELAL
QSUNK4 Group 11D secretory phospholipase A2 PLA2G2D
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Uniprot 1D Protein Name Gene Name
pondin type-1 in-containi

QsUPZE ;?;:g;b;;mnms ype-1 domain-containing THSDTA
QeuQrz Pregnancy-specific beta-1-glycoprotein 11 psGl1t
QsuQ74 Pregnancy-specific beta-1-glycoprotein 8 P5G3
QsUAcs ;ﬁaicium—activated chioride channei regulator CLCAD
QSUQE7 ;‘;?;i;irsi maintanance of chromosomes SMC3
Q3UGP3 Tenascin-N TNN
QY223 UDP-N-acetyiglucosamine 2-epimerase GNE
QoY240 C-type lectin domain family 11 member A CLECI11A
Q9yast Heparanase 8 kDa subunit HPSE
Q3Y258 C-C motif chemokine 26 CCL2e
QoY2e4d Angiopoietin-4 ANGPT4
(QoY287 BRIZ intracellutar domain {TM2B
Q9Y2ES Epididymis-specific alpha-mannosidase MANZB2
QoY334 \;e;::t\é\::i;brand factor A domain-containing VWAT
Q3Y337 Kallikrein-5 KLKS
C19Y3E3 ;;zizézimbratwe emp24 domain-containing TMEDT
Q8Y3E2 Bola-like protein 1 BOLAL
Q9Y426 {2 domain-containing protein 2 C2CD2
Q9Y4KD Lysyi oxidase homolog 2 LOX1L2
Q3Y4X3 C-C motif chemokine 27 CCL27
QoY5C1 Angiopoietin-related protein 3 ANGPTL3
QoYsiz Protocadherin alpha-10 PCDOHALD
Q9Ysi3 Protocadherin alpha-1 PCOHAL
Q3Y5K2 Kallikrein-4 KLk4
QOY5L2 g:/(iz?:?inducibie lipid droplet-associated HILPDA
QSY545 Atrial natriuretic peptide-converting enzyme CORIN
QOY5R2 Matrix metalloproteinase-24 MMP24
QOYSLS ::;o;;elcgosis factor receptor superfamily TMERSF1S
Q9YSWS Wit inhibitory factor 1 WIFL
QI9Y5X9 Endothelial lipase LIPG
QoYe25 Secreted glypican-6 GP(Ce
Q9YG46 Carboxypeptidase CPC
QaYeC2 EMILIN-1 EMILINT
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Uniprot 1D Protein Name Gene Name
Q9YEFS Protein Wnt-6 WNT6
QsYeio Testis-expressed sequence 264 protein TEX264
QBY6L7 Tolloid-like protein 2 TLL2
QOYEN3 ;i::;r?ni:;t/:::d chioride channel regulator CLEASP
QOYENG Laminin subunit gamma-3 LAMC3
QOYGRY IlgGFe-binding protein FCGRP
QoYeYS Lymphocyte antigen 96 LYS6
Q3Y6Z7 Collectin-10 COLECLO

[0385]

in some embodiments, the compositions and methods of the invention provide for

the delivery of one or more mRNAs encoding one or more additional exemplary proteins listed in

Table 2; thus, compositions of the invention may comprise an mRNA encoding a protein listed in

Table 2 {or 3 homolog thereof) along with other components set cut herein, and methods of the

invention may comprise preparing and/or administering a composition comprising an mRNA

encoding a protein chosen fram the proteins listed in Table 2 {or a homolog thereof) along with

other components set out herein,

Table 2. Additional Exemplary Proteins

Uniprot 1D Protein Namea Gene Name

AENGW?2 Putative stersocilin-like protein STRCP1

AEGNIES Putative serine protease 29 PRSS25P
Putative V-set and immunoglobulin domain-

ABNI16 = IGHV40R15-8
containing-like protein IGHV40R15-8
Putative V-set and immuncglobulin domain- . ,

ABNIS3 containing-like protein IGHVIOR21-1 IGHVIOR21-1

AGNMYE Putative annexin A2-like protein ANXAZP2

ABMT79 Putative zinc-alpha-2-glycoprotein-like 1

. Putative killer cell immunoglobulin-like

A Ca &

ASMWS1 receptor like protein KIR3DPL KIR3DPL

AZMXUD Putative beta-defensin 108A DEFB1O3P1

Coiuse Putative adrenomeduliin-5-like protein ADMS
Putative signal peptidase complex catalytic

[ & - .

PaCTVT subunit SEC11B SECLLB
Putative cat eye syndrome critical region .

POCas4 L CECRS
protein 9

Q13046 Putative pr.egﬂancy@pecsfsc beta-1- poe7
glycoprotein 7

Q16609 Putative apolipoprotein{al-like protein 2 LPAL2

- Putative macrophage-stimulating protein
Q2TV78 MSTPS MST1PY
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Qsian4 Putative peptide YY-3 PYY3
Q5R387 ziziii\;‘i;;zc;t;vzzgroup HC secretory PLA2G2C
Q5VSP4 Putative lipocalin 1-like protein 1 LCNIPL
Q5W188 Putative cystatin-S-like protein CSTOLPL CST9LPL
QHUXRA Putative serpin A13 SERPINA13P
(86SH4 Putative testis-specific prion protein PRNT
Q86Y(Q2 Putative latherin LATH
QaIVGY Putative humanin peptide MT-RNR2
Q8NHM4 Putative trypsin-6 TRYS
(8NHWA C-C motif chemokine 4-like CClai2
tive Killer call immm Tiniike
QI | orike preten iAot | KRsoKa
QSNRIi6 Putative peptide YY-2 PYY2
QSUF72 Putative TP73 antisense gene protein 1 TP73-AS1
QOUKY3 Putative inactive carboxylesterase 4 CESiPL
{0386} The Uniprot IDs set forth in Table 1 and Table 2 refer to the human versions the

listed proteins and the sequences of each are available from the Uniprot database. Sequences of the
listed proteins are also generally available for various animals, including variocus mammals and
animals of veterinary or industrial interest. Accordingly, in some embodiments, compositions and
methods of the invention provide for the delivery of one or more mRNAs encoding one or more
proteins chosen from mammalian homologs or homologs from an animal of veterinary or industrial
interest of the secreted proteins listed in Table 1 and Table 2; thus, compositions of the invention
may comprise an mRNA enceding a protein chosen from marmalian homologs or homologs from an
animal of veterinary or industrial interest of a protein listed in Table 1 and Table 2 along with other
components set out herein, and methods of the invention may comprise preparing and/or
administering a composition comprising an mRNA encoding a protein chosen from mammalian
homologs or homologs from an animal of veterinary or industrial interest of a protein listed in

Table 1 and Table 2 along with other components set out herein. In some embodiments,
mammalian homolegs are chosen from mouse, rat, hamster, gerbil, horse, pig, cow, llama, alpaca,
mink, dog, cat, ferret, sheep, goat, or camel homologs. In some embodiments, the animal of
veterinary or industrial interest is chosen from the mammals listed above and/or chicken, duck,

turkey, salmaon, catfish, or tilapia.

f0387] in embodiments, the compositions and methods of the invention provide for the

delivery of mRNA encoding a lysosomal protein chosen from Table 3. in some embodiments, the
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compositions and methods of the invention provide for the delivery of one or more mRNAS encoding

ane or more lysosamal and/or related proteins listed in Table 3; thus, compositions of the invention

may comprise an mRNA encoding a protein listed in Table 3 {or a homolog thereof} along with other

components set out herein, and methods of the invention may comprise preparing and/or

administering a composition comprising an mRNA encoding a protein chosen from the proteins

listed in Table 3 {or a homolog thereof) along with other components set out herein.

Table 3. Lysosomal and Related Proteins

a-fucosidase

a-galactosidase

g-glucosidase

g-iduronidase

a-mannosidase

a-N-acetyigalactosaminidase {a-galactosidase B)

B-galactosidase

B-glucuronidase

-hexosaminidase

B-mannosidase

3~hydroxy-3—methylglutaryl-CoA {(HMG-CoA) lyase

3-methyicrotonyl-CoA carboxylase

3-O-sulfogalactosyl cerebroside sulfatase {arylsulfatase A}

acetyl-CoA transferase

acid alpha-glucosidase

acid ceramidase

acid lipase

acid phosphatase

acid sphingemyelinase

alpha-galactosidase A

aryisulfatase A

beta-galactosidase

beta-glucccerebrosidase

beta-hexosaminidase

Biotinidase

cathepsin A

cathepsin K

CLN3

CLNS

CLNG

CLNS

CLNS

cystine transporter {cystinosin)
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cytosolic protein beta3A subunit of the adaptor protein-3 complex, AP3

formyl-Glycine generating enzyme (FGE)

Galactocerebrosidase

galactose—~1-phosphate uridyltransferase {GALT)

galactose 6-sulfate sulfatase (also known as N-acetylgalactosamine-6-sulfatase)

Glucocerebrosidase

glucuronate sulfatase

glucuronidase

glycoprotein cleaving enzymes

glycosaminoglycan cleaving enzymes

glvcosviasparaginase {aspartylglucosaminidase)}
GM2Z-AP
Heparan-alpha-glucosaminide N-acetyltransferase {HGSNAT, TMEM76)

Heparan sulfatase

hexosaminidase A lysosomal proteases methylmalonyl-CoA mutase

Hyaluronidase

iduronate suifatase
LAMP-2

fysosomal g-mannosidase

Lysosomal pd0 {(C2orf18)

Major facilitator superfamily domain containing 8 protein {MFSDS8 or CLN7)

M-acetylgalactosaming 4-suifatase

N-acetyl glucosamine 6-sulfatase

N-acetvl glucosaminidase

MN-acetyigiucosamine-1-phosphate transferase
NPCL

NPC2Z

palmitoyl-protein thioesterase

palmitoyl-protein thicesterase {CLN1}

Saposin A {Sphingolipid activator protein A}

Saposin B {Sphingolipid activater protein B}

Saposin C {Sphingolipid activator protein C}

Saposin D (Sphingolipid activator protein D)

sialic acid transporter (sialin}

Sialidase

Sialin

Sulfatase

Transmembrane protein 74 {TMEM74}

tripeptidyi-peptidase

tripeptidyl-peptidase | {CLN2}

UDP-N-acetylglucosamine- phosphatransferase
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f0388] information regarding lysosomal proteins is available from Lubke et al,, “Proteomics
of the Lysosome,” Biochim Biophys Acta. (2009} 1793: 625-635. In some embodiments, the protein
fisted in Table 3 and encoded by mRNA in the compositions and methods of the invention is a human
protein. Sequences of the listed proteins are also available for various animals, including various

mamimals and animals of veterinary or industrial interest as described above.

{0389} in some embodiments, the compositions and methods of the invention provide for
the delivery of mRNA encoding a therapeutic protein {e.g., cytosolic, transmembrane or secreted}
such as those listed in Table 4. in some embodiments, the compaositions and methods of the
invention provide for the delivery of an mRNA encoding a therapeutic protein useful in treating a
disease or disorder {i.e., indication} listed in Table 4; thus, compositions of the invention may
comprise an mRNA encoding a therapeutic protein listed or not listed in Table 4 {or 2 homolog
thereof, as discussed below) along with other components set out herein for treating a disease or
disorder {i.e., indication} listed in Table 4, and methods of the invention may comprise preparing
and/or administering a composition comprising an mRNA encoding a such a protein {or a homolog
thereof, as discussed below} along with other components set out herein for treatment of a disease

or disorder listed in Table 4.

Table 4. Exemplary indications and Related Proteins

indication Therapeutic Protein
3-Methylcrotonyl-CoA carboxylase deficiency Methylcrotonoyi-CoA carboxylase
3-Methylglutaconic aciduria Methylglutaconyl-CoA hydratase
Actinic keratosis
Acute intermitient porphyria Porphobilinogen deaminase

Acute lymphocytic lsukemia
Acute myeloid lsukemia
Addison’s disease

Adengsine deaminase deficiency Adenosine deaminase
Adrenoleukodystrophy ABCD1
Adrenomyelonauropathy
AIDS / HIV
Alcohol use disorders
Alkaptonuria Homogentisate 1,2-dioxygenase
Allergic asthma Anti-IgEk mAb

Allergies {dermatitis, rhinitis)
Alopecia areata

Alpers' disease POLG
Alpers-Huttenlocher syndrome
Alpha i-antitrypsin deficiency Alpha 1 protease inhibitor
Alpha-mannosidasis Alpha-D-mannosidase

Alport syndrome
Alzheimer's disease
Amyloid light-chain amyloidosis
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indication Therapeutic Protein
Amvyotrophic lateral sclerosis {ALS)
Anemia Erythropoietin

Aortic valve stenosis

Argininemia

Arginase

Argininosuccinic acidemia

Argininosuccinate lyase

Arrhythmogenic right ventricular dysplasia

Autism

Autosomal dominant and recessive progressive
axternal ophthaimoplagia with mitochondrial
DNA deletions

Autosomal recessive polycystic kidney disease

ARPKD

Bacterial infections

Basal ceil carcinoma

Batten disease

Battenin + others

B-cell chronic lymphocytic feukemia

Becker muscular dystrophy

Dystrophin

Beta-thalassemiz

Beta globin

Binge eating disorder

Bipolar disorder

Bladder cancer

Blepharospasm, Cervical dystonia, Chronic
rnigraine, more

Botulinum toxin

Bronchiolitis obliterans

Brugada syndrome

Buerger's disease

CACNALA

CACNB4-related Episodic Ataxia Type 2

Cancer and depression

Cancer and sexual dysfunction

Cancer in pregnancy

Carbamyiphosphate synthetase deficiency

Carbamyiphosphate synthetase

Carcinoma of the galibladder

Cardiomyopathy {diabetic)

Cardiomyopathy (hypertrophic)

Carnitinge uptake defect

SLC22A5

Catecholaminergic polymorghic ventricular
tachycardis

CDKL5-related Atypical Rett Syndrome

Celiac disease

Cellulitis

Cerebrovascular disease

Cervix uteri cancer

Chronic fatigue syndrome

Chronic graft versus host disease

Chronic idiopathic urticaria

Chronic immune thrombocytopenia

Thrombopoietin

Chronic kidney kisease

Chronic liver disease

Chronic lymphocytic leukemia
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indication Therapeutic Protein

Chronic myeloid leukemia
Chronic pancreatitis
Cirrhosis of the liver

Citrullinemia, type | Argininosuccinate synthase
Classic Rett Syndrome
Classical galactosemia Galactose-1-phosphate uridylyltransferase

Clostridium difficile associated diarrhea
Clotting disorders
COAD/COPD
Cocaine addiction
COL4AS-related disorders
Cold contact urticaria
Contraception, female
Coronary artery diseases
Corpus uteri cancer
Corticobasal degeneration

Crigler-Najjar syndrome UbP-glucuronosyhtransferase
Critical limb ischemia
CTNS-related cystinosis
Cutanecus lupus erythematosus
Cutanecus neurcendocrine carcinoma {Merkel

Cell}
Cystic fibrosis CFTR
Cystic fibrosis Deoxyribonuciease |
Cystinosis Cystinosin
Cystinuria SLCT7AS

Dementia (Lewy body)
Depressicn
Diabetic foot infections
Diabetic foot ulcer
Diabetic peripheral neuropathy
Diabetic ulcers
Diarrhoeal diseases
Diffuse large B-cell lymphoma
DiGeorge syndrome
Diverticulitis
Drug use disorders
Duchenne muscular dystrophy Dystrophin
Dysarthria
Dyskinesia {levodopa-induced)
Early-onset autosomal dominant Alzheimer’s
disease
Eczema
Ehlers-Danlos syndrome, type 1
EiF2B1
EiF2B2
EIF2B2
EiF2B4
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indication

Therapeutic Protein

EIF2B5-related childhood ataxia with central
nervous system hypomyelination/vanishing
white matter

Eosinophilic esophagitis

Epilepsy

Erectile dysfunction

Erythropoietic protoporphyria

Ferrochelatase

Esophageal carcinoma

Essential tremor

Fabry disease

Alpha galactosidase

Familial adenomatous polyposis

APC

Familial chylomicronemia

Lipoprotein lipase

Familial dysbetalipoproteinemia

Apclipoprotein £

Familial isolated dilated cardiomyopathy

Familial mediterranean fever

Pyrin (MEFV)

Familial melanoma

Female infertility

Follicle stimulating hormone

Female sexual dysfunction

Fibromyaigia

FMR1-related disorders

Fracture healing

Fragile X Premature Ovarian Failure Syndrome

Fragile X syndrome

FMRP

Fragile X-Associated Tremor/Ataxia Syndrome

Friedreich’s ataxia

Frontotemporal dementia

Fryns syndrome

Galactocerebrosidase deficiencies

GALE deficiency

Galactose epimerase

GALK deficiency

Galactokinase

GAlLT-related galactosemia

Gastric cancer

Gastroesophageal reflux diseass

Gaucher disease

Glucocerebrosidase

Gilbert syndrome

UbP-glucuronosyhtransferase

Glioblastoma multiforme

Giomerulonephritis

Glutaric acidemia, type |

Glutaryl-CoA dehydrogenase

GM2 gangliosidosis

HEXA, HEXB

Gout

Urate oxidase

Graft versus host disease

Growth hormone deficiency

Growth hormone 1/ Growth hormone 2

Head and neck cancer, Metastatic colorectal
cancer

Anti-EGFr mAb

Hearing loss, adult onset

Heart failure

Hemachromatosis

HFE protein

Hemifacial spasm

Hemolytic uremic syndrome

Anti-complement factor C5 mAb
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indication Therapeutic Protein
Hemophilia A Factor Vill
Hemophilia A, Hemophilia B Factor VI
Hemophilia B Factor IX

Hapatitis B, Hepatitis C

interferon alpha

HERZ+ breast cancer, gastric cancer

Anti-HERZ mAb

Hereditary angicedema

(1 esterase inhibitor

Hereditary hemorrhagic telangiectasia

Hereditary hemorrhagic telangiectasia (AT}

Hereditary spherocytosis

Hidradenitis suppurativa

Homocystinuria

Cystathionine beta-synthase

Homozygous familial hypercholesterolemia

LOL receptor

Hunter syndrome (MPS 11}

Iduronate-2-sulfatase

Huntington disease

Huntingtin

Hurler syndrome (MPS [}

Alpha-L iduronidase

Hydrolethalus

Hyperalgesia

Hyperbilirubinemia

Hyperhidrosis

vperiipidemia

Hypermethioninemia

Methionine adenosyltransferase

Hyperoxaluria, type |

Serine-pyruvate aminotransferase

Hypertension

Hyperuricemia

Hyponatremia

Hypoparathyroidism

Parathyroid hormone

vpophosphatasia

TNSALP

idiopathic pulmonary fibrosis

Iminoglycinuria

Immuncglobulin deficiency

Immunoglobulin

infection {adenovirus)

infection {anthrax prophylaxis}

infection {BK virus}

Infection {Clostridium difficile prophylaxis}

Infection {Dengue fever prophylaxis}

infection {Epstein-Barr virus)

infection (Hepatitis-0)

infection {Lyme disease prophylaxis)

infection {Smallpox virus)

infectious diseases vaccines

Infectious antigen

Inflammatory heart diseases

Insomnia

Interstitial cystitis

fron-deficiency anaemia

irritable bowel disease

{schaemic heart disease

isovaleric aciduria

isovaleric acid CoA dehydrogenase
deficiency
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indication

Therapeutic Protein

lansky-Bielschowsky disease

juvenile Batten disease

Juvenile Neuronal Ceroid Lipofuscinosis (INCL)

Juvenile rheumatoid arthritis

TNF-alpha inhibitors

Kennedy’s disease {SEMA)

Keratoconus

Krabbe disease

Galactocerebrosidase

Leber's hereditary optic neuropathy

NADH dehydrogenase

Leiomyosarcoma

Lennox-Gastaut syndrome

Lasch-NMyhan syndrome

Hypoxanthine phosphaoribosvyitransferase 1

Leukaemia

Li-Fraumeni syndrome

TPE3

Lipoma

Liposarcoma

Liver cancer

Long-chain 3-0OH acyl-CoA dehydrogenase
deficiency

Long-chain-3-hydroxvacyl-CoA
dehydrogenase

Lower respiratory infections

Lysosomal acid lipase deficiency

Lysosomal acid lipase

Macular degeneration

Major depressive disorder

Malignant fibrous histiocytoma

Mantie cell lymphoma

Maple syrup urine disease

3-methyl-2-oxchutancate dehydrogenase

Marfan syndrome

FBNL

Maroteaux-Lamy syndrome {MPS VI}

N-acetylgalactosamine 4-sulfatase

Mastocytosis

McArdle disease

Muscle glycogen phosphorylase

MECP2-related disorders

MECP2-related Severe Neonatal Encephalopathy

Medium-chain acyl-CoA dehydrogenase
deficiency

Acyl-CoA dehydrogenase

Melanoma

Anti-CTLA4 mAb

Metachromatic leukodystrophy

Arylsulfatase A

Metastatic colorectal cancer, NSCLC, others

Anti-VEGF mAb

Methyimalonyl-CoA mutase deficiency

Methyimalonyl-CoA mutase

Migraine

Mitochondrial oxidative phosphorylation
disorders

Morquio syndrome, type A {MPS IVA)

Galactose 6-sulfate sulfatase

Morguio syndrome, type B {MPS IVB)

Beta-galactosidase

Maouth and oropharynx cancers

Multiple carboxylase deficiency

Biotin-methylcrotonoyl-CoA-carboxylase
ligase

Multiple myeloma

Multiple sclerosis

Anti-VLA-4 mAb

Multiple sclerosis

interferon beta

Multiple system atrophy
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indication

Therapeutic Protein

Myasthenia gravis

Myelofibrosis

Marcolepsy

Meonatal bronchopulmonary dysplasia

Neonatal infections

Nephritis and nephrosis

Neurofibromataosis, type 1 NF-1
Neurcnal cercid lipofuscinases-related diseases
Neutropenia G-CSF
Niemann Pick disease, type A /B SMIPDL
Niemann Pick dissase, type C NPCL

Niemann-Pick disease Type CL

MNocturia

Mon-alcoholic fatty liver disease

Mon-Hodgkin lymphoma

Anti-CB20 mAb

Non-small cell lung cancer

Motch-3 related cerebral autosomal dominant
arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL)

Obesity

Ophthalmoparesis

Opicid induced constipation

Ornithine transcarbamylase deficiency

Ornithine transcarbamylase

Osteoarthritis

Osteopetrosis

Ostaecporesis

Anti-RANKL mAb

Ovarian cancer

Paget disease of bone

Sequestosome 1

Pain

Pancreatic carcinoma

Panic disorder

Parkinson disease

Paroxysmal nocturnal hemoglobinuria

Anti-complement factor C5 Mab

Pediculosis capitis (head lice)

Pelizaecus-Merzbacher disease

Pemphigus vulgaris

Peptic ulcer disease

Peripheral neuropathy

Payronie's disease

Phenylketonuria

Phenvizlanine hydroxylase

Pneumuococcal infection prophylaxis

POLG-related sensory ataxic neuropathy

Polycystic kidney disease

Polycystic ovary syndrome

Polyeythaernia vera

Polymerase G-related disorders

Polymaorphous light eruption

Pompe disease

Alpha glucosidase

Porphyria cutanes tarda

Uroporphyrinogen decarboxylase
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indication Therapeutic Protein
Post herpetic neuralgia
Post-organ transplant
Pouchitis
PPM-X Syndrome
Prader-Willi syndrome
Preeclampsia
Premature ejaculation
Prematurity and low birth weight
Primnary ciliary dyskinesia DNAHS, DNAIL
Primary glomerular diseases
Primary humoral immune deficiencies {e.g.,
CVID)
Proctitis
Progressive familial intrahepatic cholestasis
{PFIC}
Progressive multifocal leukoencephalopathy
Progressive supranuciear palsy

Immuncglobulin

FIC1, BSEP, MDR3

Propionic acidemia Propionyl-CoA carboxylase
Prostate cancer
Psoriasis Anti-1L-12 & 1L-23 mAb
Psoriatic arthritis TNF-alpha inhibitors
PTT-1

Pulmonary arterial hypertension
Pulmonary arterial hypertension
Raynaud's phenomenon
Refractive errors
Renal cell carcinoma
Rastless leg syndrome
Retinitis pigmentosa
Rheumatic heart disease

Rheumatoid arthritis Anti-interleukin-6 {IL-6) mAb
Rheumatoid arthritis T-cell costimulation blocker
Rheumatoid arthritis TNF-alpha inhibitor
Remano-Ward syndrome
Rosacea
Sanfilippo syndrome, type A {MPS [11A) Heparan N-suffatase
Sanfilippo syndrome, type B (MPS HHR) N-acetyl-alpha-D-glucosaminidase

Santavuori-Haltia disease
Schizophrenia
Schnitzler syndrome
Scleroderma

SCN1A
SCN1B-related seizure disorders
Short-chain acyl-CoA dehydrogenase deficiency Butyryl-CoA dehydrogenase
Sickle cell disease Hemoglobin

SLC3AL-related disorders
Srazll cell lung cancer
ShiN-1-related spinal muscular atrophy (SMA)
Spinal muscular atrophy Survival motor neuron protein
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indication Therapeutic Protein
Squamous cell carcinoma of head and neck
Stickler syndrome
Stomach cancer
Stroke prophylaxis
Surfactant deficiency
Synovial sarcoma
Systemic lupus erythematosus Anti-BAFF
Systemic sclerosis
Tetrahydrobiopterin-deficient
hyperphenyialaninemia
Thromboangiitis obliterans
Thrombotic disorders
Thyroid cancer
TPP1 deficiencies
Trachea, bronchus, lung cancers
Tricuspid atresia

Tetrahydrobiopterin

TSC1
TSC2-related tuberous sclerosis
Type 2 diabetes mellitus Glucagon-like peptide 1 (GLP-1) agonist
Type 2 diabetes mellitus Insulin
Tyrosinamia, type | Fumarylacetoacetase

Ulcerative colitis
Uterine fibroids
Varicose veins
Venous thromboembolism
Very tong-chain acyl-CoA dehydrogenase

Long-chain-acyl-CoA dehydrogenase

deficiency
von Gierke's disease Glucose-6-phosphatase
Yon Hippel-Lindau disease pVHL
Wegener granulomatosis
Wilson disease Wilson disease protein

X-Linked adrenal hypoplasia
X-linked adrenoleukodystrophy
X-linked agammagiobulinemia Bruten's tyrosine kinase

f0390] In some embodiments, the present invention is used to prevent, treat and/or cure a
subject affected with a disease or disorder listed or associated with the proteins listed in Tables 1, 2,
3, or 4. In some embodiments, an MRNA encodes one or more of Cystic Fibrosis Transmembrane
Conductance Regulator {CFTR), argininosuccinate synthetase {ASS1), Factor IX, survival motor

neurcn 1 {SMN1), or phenylalanine hydroxylase (PAH)

f0391] While certain compounds, compositions and methods of the present invention have
been described with specificity in accordance with certain embodiments, the following examples

serve only to illustrate the compounds of the invention and are not intended to Himit the same.
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EXAMPLES

Example 1. Synthesis of Compounds of the invention

{0392} Compounds described herein can be prepared according to the exemplary synthesis

of Scheme 1:
ol ")
e) 0.
g {‘/\O%:\Tr ~u s Hzn/\rj\cu
< g NH;

O

o
0
° - /E\/’\
HO N’ﬂ\/i’ o
Jj:(\‘* \/AE; * o Gt
\n/’\{.,g r?\

{0333] Compounds described herein also can be prepared according to the exemplary

synthesis of Scheme 2:
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O

[0354] Compounds described herein also can be prepared according to the exemplary

synthesis of Schemsa 3:

o 0
QM a.,
- Q'k\n/ N 4 HZN/\T’JJ\Q H
Q o NH,

|

At + X
)LV;‘{“”\’E"\? oo~

Ao
g "m edd

[0395] Compounds described herein also can be prepared according to the exemplary

synthesis of Schems 4:
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\OWO%/\GWQ/\VPWP/
[s} G

L\J(»Q\/*%p/
ji\/vmw l Deprotection
o
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CLAIMS

WHAT IS CLAIMED IS
1. A compound comprising
a lipid substructure comprising a hydrophobic moiety and a hydrophilic moiety; and

two or more polymeric groups.

2. The compound of claim 1, wherein the polymeric groups are selected from polyvinylalcohol,
polvethyiene glycol, polypropylene glvcol, polvethylenimine, polyacrylic acid,
polymethacrylic acid, polymethacrylate, polylysine, polyarginine, polyglutamic acid, dextran,

a polypeptide, hyaluronic acid, alginate, chitosan, chitin, xylan, and pullulan.

3. The compound of claim 1 or 2, wherein the polymeric groups are polyethylene glycol (PEG)

JrigeTtial N

4. The compound of any one of claims 1-3, wherein the lipid substructure comprises a

ceramide lipid.

5. The compound of claim 4, having a structure according to Formula (i},

OH
R’ O’L%Z}m
R{W,NH
0 (m,
wherein:
R! and R? are each independently Cs~Cyq aliphatic;

L is a linker group covalently bonded to sach Z group;
AL .
c’gi\Afg \/(%Q’/\\%‘ RZ
n .

each Al is independently a covalent bond, O, or NR?;

each Z independently has a structure that is

each A% is 5-5, C[OY, or C{S);
each R? and each R? are independently H or T3~Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.
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6. The compound of claim 5, having a structure according to Formula (i-A},

OH

2]
g () m
R?,TrNH

G (-A),

wherein:

O
f’{«A1 MO”\%’f\C Hy

each Z independently has a structure thatis
7. The compound of claim 6, wherein At is O.

8. The compound of any one of claims 5-7, wherein m is an integer having avalue 0f 2, 3, 4, or

5.
9. The compound of claim 8, wherein m is an integer having a value of 2.

10. The compound of claim 5, wherein L-[Z]. has a structure that is
X‘l

XZ
2
M”WNAWO’\}?%
Aﬁ
{
Ai\/’f‘e/\%"f‘“wa

wherein,
Xt and X? are each independently O or 5;
X is independently a covalent bond, O, or S; and
v and z are infegers, each independently having a value from 1 to 12.
11. The compound of claim 5 or 10, wherein L-[Z], has a structure that is
X' ox? o
MWWGMM\%‘\%
o
OMQ/\%’?‘@HB
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12. The compound of claim 10 or 11, wherain Xt and X2 are each Q.

13. The compound of any one of claims 10-12, wherein yis 2.

14, The compound of any one of claims 10-13, wherein z is 1.

15. The compound of any one of claims 10-14, wherein X3 is O.

16. The compound of any one of claims 5-15, wherein R* and R® are each independentiy

selected from Ce—Cag-atkyl or Ce—Cha-alkenyl.

17. The compound of any one of claims 5-16, wherein R* and R? are each independently
selacted from:
~{CHz}CHa, -{CH)oCH3, -{CH2}13CHz, -(CHuJaaCHa, -{CH2)asCH3,
-{CH2)7CHs, -{CH 2 hioCHs, ~{CHa b1 CH3, ~CH=CH{CH,}12CHs, and
~{CHJeCH=CH{CH, 17CHs, and -{CHL ) CH=CH{CH },CHs.

18. The compound of claim 17, wherein R is -CH=CH{CH2}12CHa.

19. The compound of claim 17 or 18, wherein R? is -{CH,);CHa.

20. The compound of any of claims 5-19, having the structure:

OH 0 OMQ/\“’}f\

21. The compound of any one of claims 1-3, having a structure according to Formula (i1},
I
Ltz ]
Re O/Y\G” m
R?\U,,O

G i,

wherein:
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R® and R7are each independently C;—Cay aliphatic;

L is a linker group covalently bonded to each Z group;
Al O. ..
A bo ™ O
n .

each Alis independently a covalent bond, O, or NR%;

each Z independently has a structure that is

each A% is S-S, C{Q), or C{Sk
each R® and each R? are independantly H or Ci—Cs alkyl;
m is an integer having a value of 2 or more; and

each n is independently an integer having a value from 4 to 150.

22. The compound of any one of claims 1-3 and 21, having a structure according to

Formula (11-4),

o
sti“{)/\j/\i)’i”{nz } m

R? O
T

G (Hi-A),

wherein:
al 0.
n
each Z independently has a structure thatis O .

23. The compound of claim 22, wherein At is NH.

24. The compound of any one of claims 21-23, wherein m is an integer having a value of 2, 3, 4,

or 5.
25. The compound of claim 24, wherein m is an integer having a value of 2.

26. The compound of claim 21 or 22, wherein L-[Z], has a structure that is

;W\A‘E’;AMO\V/’}’GWCHz
X? ‘ Al 3
i
Az-\éﬁ/\‘}’f‘ﬁ%

wherein,

X2 is G or §; and
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z is an integer having a value from 0 to 12.

27. The compound of claim 26, wherein L-{Z], has a structure that is

0
fngoﬁoncm
X2 N

o t"c/\% Oen,

i

28. The compound of claim 26 or 27, wherein X2 is O.
29. The compound of any one of claims 26-28, wherein z is 0.

30. The compound of any one of daims 2129, wherein R® and R’ are sach independently

selacted from Co—Cu-alkyl or Co—Cag-alkenyl.
31. The compound of any one of claims 21-30, wherein R® and R” are each independently
selacted from:
-{CH }CH3, ~{CHzJsCHs {CHa)asCHs, -{CHz haCHs, -{CH JisCHs,
~{CHL17CHs, ~{TH hisCHS, -{CH 3 CHs, -CH=CH{TH; 1 CH;,
32. The compound of claim 31, wherein RE is -{CHz}12CHa.
33, The compound of claim 31 or 32, wharein R” is ~{CTH;}1:CHa.

34. The compound of any of claims 21-33, having the structure:

& Q& s}
R N W I I N TN d‘»\o/'&' \{/ -\"&' '}E\«h‘% o\f""i\a"f i
;4 N
.f“"\,f\,"‘\.f’”\»f\/’\v"\,(“ N \-}{ ~\*A\J§'$ N
(3},
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35. The compound of any one of claims 1-3, having a structure according to Formula (iV),

O

K

o7 TR
OM
O O O
RS o] R \TE/
‘0 O R4 O
n k

each R and R™ is independently Cs—Cu-aliphatic;

Q. “
W{‘ S w{"}m/ﬂ\/fo’\-%’a R
n n
R?is independently  © or o ;
O,
MO/\% R4a

n
R*is independently hydrogen, © ,or

oy Ot o,

R¥ R* and R® are each independently selected from H or C;~Cs-alkyl;

Rza

wherein:

each n is independently an infeger having a value from 4 to 150;
kis independently O or 1; and

each of k' and k” is independently an integer having a value from 1to 12.

36. The compound of any one of claims 1-3 and 35, having the structure according to Formula

(V-A):

37. The compound of claim 35 or 36, wherein kis 1.

%/\Ero\/(‘o/\}f“c&ig
o o

3%. The compound of any one of claims 35-37, wherein R¥is .
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"‘S\gr"fa”\%’&‘cm

n

33, The compound of any one of claims 35-38, wherein R*is  ©

40. The compound of any cne of claims 35-39, wherein R is Cys-atkyl.

41. The compound of any one of claims 35-40, wherein R¥ is Cy-aliyl.

42. The compound of any one of claims 35-41, having the structure:

IS I iy
(oo

43. The compeound of any one of claims 1-3, wherein the lipid substructure comprises a

phospholipid.

44. The compound of any one of claims 1-3 and 43, having a structure according to Formula {I1},

O
Rgﬂ\ﬁ g?
Riﬁ’{)\,/j\/0~ Oy L{"Z i -
! & H

{if,
wherein:
R® and R® are each independently Cs~Cu-aliphatic;

Lis a linker group covalently bonded each Z group;
2
&AVA\//"(@/‘\}’O“RZ
n .

each Al is indepandently 3 covalent bond, 0, or NR?;

each Z independently has a structure that is

each A? is independently -5, C{O), or C{5};
each R? and each R% are independently H or Ci—Cs alkyl;
m is an integer having a value of 2 or more; and

nis an integer having a value from 4 to 150.
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45, The compound of any one of claims 1-3, 43, and 44, having a structure according to

Formula (11-A},

O
Rﬁ'ﬁ"*e o
R%QE{O\/J\JQNE,QWN,L{Q }(n
© o " (I-A),

wherein:

each Z independently has a structure thatis
46. The compound of claim 44 or 45, wherein m is an integer having avalue of 2, 3, 4, or 5.
47. The compound of claim 48, wherein m is an integer having a value of 2.

48. The compound of any one of claims 4447, wherein L-[Z],, has a structure that is

WA1’A2\J;’O\\/’}—O“CH3
X2 : A1 i
;
AZ“‘(‘O/\}?‘CH?,

wherein,

XisOors;

each Alis independently a covalent bond, O, or NR%;
each A? is independently -5, C(O), €S}, €., or CLOINRY
Reis H or GG alkyl: and

z is independently an integer having a value from 0 to 12.

49, The compound of claim 48, wherein z is 1.
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50. The compound of claim 48 or 49, wherein L-[Z], has a structure that is

0
WQ,MG\/)—HG~CH3
X2 O
Q'J {*0”\')’0“«:;}@3

1]

51. The compound of any one of claims 48-50, wherein X% is Q.
52. The compound of any one of claims 44-51, wherein at least one of 8% ar R® is (y-atkyl.
53. The compound of any one of claims 44-52, wherein both of 8% and R® are Ci-alkyl.

54. The compound of any one of claims 44--53, having the structure:

Q
H

O (o]
WNW\«/}L“QMOI(‘E;#OW%WOMMN};Q\
N N N N N S e

o

(2).

55. A composition comprising an mRNA encoding a protein, encapsulated within 3 liposome,

wherein the liposome comprises one or more compounds of claims 1-54.

56. The composition of claim 55, comprising an mRNA encoding for cystic fibrosis

transmembrane conductance regulator {CFTR]} protein.

57. The composition of claim 55, comprising an mRNA encoding for ornithine transcarbamylase

{OTC) protein.

58. A composition comprising a nucleic acid encapsulated within a liposome, wherein the

liposome comprises one or more compounds of claims 1-54.

59. The composition of claim 58, wherein the nucleic acid is an mRMNA encoding a peptide or

protein.
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60. The composition of claim 59, wherein the mRNA encodes a peptide or protein for use in the

delivery to or treatment of the lung of a subject or a lung cell.

61. The composition of claim 59, wherein the mRNA encodes cystic fibrosis transmembrane

conductance regulator (CFTR) protein.

62. The composition of claim 59, wherein the mRNA encodes a peptide or protein for use in the

delivery to or treatment of the liver of 3 subject or a liver cell.

63. The composition of claim 59, wherein the mRNA encodes ornithine transcarbamylase {OTC)

protein.

64. The composition of claim 55 or 58, wherein the mRNA encodes a peptide or protein for use

in vaccine.

65. The composition of claim 64, wherein the mRNA encodes an antigen.
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