0 2021/007278 A 1 |00 K010 0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 January 2021 (14.01.2021)

(10) International Publication Number

WO 2021/007278 Al

WIPO I PCT

(51) International Patent Classification:

A61K 9/127 (2006.01) A61K 47/69 (2017.01)
A61K 9/51 (2006.01) A61K 48/00 (2006.01)
A61K 38/18 (2006.01) CI2N 15/88 (2006.01)

(21) International Application Number:
PCT/US2020/041122

(22) International Filing Date:
08 July 2020 (08.07.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/871,513 08 July 2019 (08.07.2019) UsS
(71) Applicant: TRANSLATE BIO, INC. [US/US], 29

Hartwell Avenue, Lexington, MA 02421 (US).

(72) Inventors: KARVE, Shrirang; c/o Translate Bio, Inc., 29
Hartwell Avenue, Lexington, MA 02421 (US). SARODE,
Ashish; ¢/o Translate Bio, Inc., 29 Hartwell Avenue, Lex-
ington, MA 02421 (US). DEROSA, Frank; c/o Translate
Bio, Inc., 29 Hartwell Avenue, Lexington, MA 02421 (US).

(74) Agent: MENDEZ, Julio J. etal.; Proskauer Rose LLP, One
International Place, Boston, MA 02110 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: IMPROVED MRNA-LOADED LIPID NANOPARTICLES AND PROCESSES OF MAKING THE SAME

41 -

Ui

Human EPO protein

£ hours

24 hosps

FIG. 1

(57) Abstract: The present invention provides an improved lipid nanoparticle formulation encapsulating mRNA comprising DEPE

as a helper lipid.



WO 2021/007278 PCT/US2020/041122

IMPROVED MRNA-LOADED LIPID NANOPARTICLES AND PROCESSES OF
MAKING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

1] The present application claims priority to U.S. Provisional Application Serial
Mo, 62/871,513 filed July 8, 2019, the disclosures of which are hereby incorporated by

reference.

FIELD OF INVENTION

2] The invention relates to lipid mediated mBNA delivery; and the lipid
compounds and compositions comprising such compounds thereot. Particularly, this invention
relates to methods and uses of such compounds and compositions, and to processes for making

such compounds and composttions.

BACKGROUND OF THE INVENTION

)

(3] Messenger RNA therapy (MRT) is becoming an increasingly important
approach for the treatment or prevention of a variety of diseases. MRT involves administration
of messenger RNA (mRNA} to a subject in need of the therapy in order to provide for the
production of the protein encoded by the mRNA within the subject’s body. Lipid nanoparticles

can be used to encapsulate mRNA for efficient in vivo delivery of mRNA.

[41 Much effort has becn put on identifving novel methods and composttions that
can enhance mtraceliular delivery and/or expression of mRNA using lipid nanoparticles, which
can be adapted to a scalable and cost-effective manufacturing process. At the same time, it s
important that any such enhancements to intraceliular delivery and/or expression of mRNA
also maintain or improve upon the safety and tolerability of the compositions associated with

lipid mediated mRNA delivery.

{51 Multi-component lipid nanoparticles comprising one or more cationic lipids,

one or more PEG-modified lipids and one or more helper hipids encapsulating an mRNA have
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been found to be particularly effective for achieving delivery and expression of mRNA in vivo.
A particular focus of recent research hag been on the discovery of new cationic Hpids for mRNA
delivery. The other components of multi-component lipid nanoparticles have received little to
no attention. There 15 a contimung need to improve upon lipid nanoparticle delivery of mENA
to achieve intracellular delivery and/or expression of mRNA. At the same time 1t 15 desirable

that new lipid nanoparticle formulations maintain or improve upon the safety and tolerability.

SUMMARY OF THE INVENTION

[6] The inventors have surprisingly found that delivery and/or expression of mRNA
i vivo can be improved dramatically by optimizing the helper lipid component of
multicomponent liposomes encapsulating the mRNA. In particular, the present invention is
based on the discovery that the presence of 1,2-Dierucoyi-sn-glveero-3-phosphoethanolamine
{DEPE) as a helper lipid in mRNA-encapsulating lipid nanoparticle formulations comprising
one or more cationic Hpids, one or more PEG-meodified lipids and one or more helper lipids
can mncrease delivery and/or expression of mRNA i» vive by more than two-fold rclative to
conventional liposomes comprising dioleoviphosphatidylethanolamine (DOPE) as one of the
helper lipids. DEPE-contatning lipid nanoparticles were comparable DOPE-containing lipid
nanoparticles in terms of safety and tolerability {as assessed by liver toxicity markers sach as

ALT and AST).

7 Accordingly, it 1s an aspect of the invention to provide a lipid nanopasticie for
the delivery of mRNA to a subject in need thereof, wherein the lipid nanoparticle comprises
one or more cationic lipids, one or more PEG-modified lipids and one or more helper lipids
encapsalating the mRNA, wherein the one or more helper lipids comprises 1,2-Dieracoyi-sn-
glycero-3-phosphoethanolamine (DEPE). The DEPE in the lipid nanoparticle provides for the

cnhanced expression of the mRNA when administered to a subject.

81 In embodiments of the invention, DEPE 12-Dherucovl-sn-glycers-3-

phosphocthanolamine (DEPE) is structurally represented by the following structure:
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(9] In embodiments of the invention, the enhanced expression of the mRNA ismore
as compared to expression of the same mRNA from a second lipid nanoparticle having the
same lipid components and amounts except that 1t includes differcnt one or more helper lipids
and does not include DEPE. In cortain embodiments, the enhanced expression 1s increased by
two-fold or more relative to the second lipid nanoparticle. In some embodiments, the different
one orf more helper lipids in  the sccond lipid nanoparticle  comprises
dioleoylphosphatidyicthanolamine (DOPE), 1.2-Dilinolcoyl-sn-glycero-3-
phosphoethanolamine  (DLOPE), l-palmitoyl-2-oleoyl-sn-glyecro-3-phosphoethanolamine

{POPE), and/or a combination thereof.

1107 In certain embodiments, the DEPE in the lipid nanoparticle is present at a
concentration of at least 0.5 molar percent of total lipids in the hipid nanoparticle, for example
at a concentration of between 0.5 molar percent and 30 molar percent, in particular at a
concentration of between 10 molar percent and 45 molar percent. More typically, the DEPE in
the lipd nanoparticie 1s present at a concentration of between 25 molar present and 35 molar

percent of total hipids in the lipid nanoparticle.
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[11] In certain embodiments, the one or more cationic lipids is or comprises ¢KK-
Ei2.
121 In certain embodiments, the one or more cationic lipids is or comprises ICE

(imidazole cholesterol ester).

(13} In certain embodiments, the one or more cationic lipids is or comprise a cationic

lipid of the following formula:

1 3
X\[R R?ﬂ O R3
L2 R
N7 LU N X!
I
R O g2 R Nyt

or g pharmaceutically acceptable salt thercof]

wherein cach R! and R? is independently H or Ci-Cs aliphatic; cach m is independently an
mieger having a value of 1 to 4; each A is independently a covalent bond or arylene; each 1
is independently an ester, thioester, disulfide, or anhydride group; each L2 is independently Co-
Cio aliphatic; each X! is independently H or OH. and each R is independently Ce-Cao aliphatic.
In a specitic embodiment, the one or more cationic lipids is or comprses the following

compound:

HO

e /"“\T/CWHM
; N

HO OH

CyoHyy
CiaHaq O

{Compound 1)

or a pharmaccutically acceptable salt thereof. In another specific embodiment, the one or

maore cationic lipids is or comprises the folowing compound:
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HO CaHlez
{Compound 2)

or a pharmaceutically acceptable salt thereof. In another specific embodiment, the one or
more cationie lipids is or comprises the following compound:

HO

CoHzs

Cialps

HQY CyzHs
{Compound 3}
[14] or a pharmaceutically acceptable salt thereof. In certaimn embodiments, the one

or more PEG-modified lipids is or comprises a poly{ethylenc) glyeol cham of up to S kDain

length covalently attached to a lipid with alkyl chain{s) of Cs-Cao length.

157 In some embodiments, the lipid nanoparticle that encapsulates mRNA and
includes DEPE as a helper lipid also includes a cationic ipid that compnses alkyl chain(s) of
Ce-Cao longth. In some cmbodiments, the cationic lipid comprises one to four alkvl cham(s)
cach of Cs-Cis length. In some embodiments, the cationic lipid compnises one to four alkyl
chain(s) cach of Cio-{15 length. In some embodiments, the cationic lipid comprises one to four
afkyl chainds) each £ Cio-Lu length. In some embodiments, the cationic hipid comprises ong o
four alkyl chain(s) cach of Ciolength. In some embodiments, the cationic lipid comprises one
to four alkyl chain(s) cach of Ci2 length. In some embodiments, the catiomic lipid comprises

one to four alkyl chainds) each of Cis length.

[16] In some embodiments, the lipid nanoparticle that encapsulates mRNA and
mechides DEPE as a helper lipid also includes a cationic lipid that comprises one to four
aliphatic chain(s} each of Co-Loo longth. In some embodiments, the cationic lipid comprises
one to four aliphatic chain(s) cach of Ce-Cis length. In some embodiments, the cationic lipid

comprises ong to four aliphatic chain(s) each of Cie-Cis length. In some embodiments, the
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cationic lipid comprises one to four aliphatic chain(s) cach of Cuo length. In some embodiments,
the cationic lipid comprises one to four aliphatic chain{s} each of Ciz length. In some

embodiments, the cationic lipid comprises aliphatic chain(s) cach of Cis length.

(171 In some embodiments, the hipid nanoparticle that encapsulates mRNA and
mcludes DEPE as a helper lipid also includes one or more cationis lipids that is or comprises a
lipidoid. In some cmbodiments, the lipidoid comprises four aliphatic chains. In some
embodiments, each of the four lipidowd aliphatic chams is independently Co-Coo in length. In
some embodiments, each of the four lipidoid aliphatic chams is independently Cs-Cis in length.
In some embodiments, each of the four lipideid aliphatic chains 15 independently Cie-Cis 10
tength. In some embodiments, cach of the four lipidoid aliphatic chains 1s independently Cio
or Cizin length. In some embodiments, all of the four lipidoid aliphatic chains are Cs in length.
In some embodiments, all of the four lipidoid aliphatic chains are Us in kength. In some
embodiments, all of the four lipidoid aliphatic chains are Cie 1n length. In some embodiments,
all of the four lipidoid aliphatic chams are Ci2 in length. In some embodiments, all of the four
Epidoid aliphatic chains are Cu in length. In some embodiments, all of the four lipidosid
aliphatic chains arc Cis in length. In some embodiments, all of the four lipidoid aliphatic chains
arc Cis in length. In some embodiments, all of the four lipidoid aliphatic chains are Co in
length. In some embodiments, at least two of the four lipidotd aliphatic chaims are Cs in length.
In some embodiments, at least two of the four bipidoid alipbatic chains are Cs in length. In
some cmbodiments, at least two of the four lipidoid aliphatic chains are Cio in length. Insome
embodiments, at least two of the four hipidoid aliphatic chains are Ci2 m length. In some
embodiments, at least two of the four lipidoid aliphatic chains are Cis in length. In some
embodiments, at least two of the four lipidoid aliphatic chains are Cis 1n kength, In some
crbodiments, at least two of the four lipidoid aliphatic chains are Cis i length. In some

embodiments, at least two of the four lipidoid abiphatic chains are oo in length.

(18] In some embodiments, the lipid nanoparticle that encapsulates mRNA and
mcludes DEPE as a helper lipid also includes a hipidoid that comprises alkyl chain{s) of Ce-Cao
length. In some embodiments, the hipidoid comprises alky] chain{s) of Ce-Cie length. In some
embodiments, the lipidoid comprises alkyl chain(s) of Cio-Ciz length. In some embodiments,
the hipidoid comprises alkvl cham(s) of Cic length. In some cmbodiments, the lipidoid
coraprises alkyl cham(s) of Ciz length. In some embodiments, the lipidoid comprises alkvi

chain(s) of Cis length.
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[19] In certain embodiments, the lipid nanoparticle further comprising one or more
sterols. In some embodiments, the one or more sterols s or comprises a cholesterol-based lipid,

¢.g., cholesterol or PEGvlated cholesteroh.

[26] In some embodiment, the lipid nanoparticle comprises one or more cationic
lipids, one or more PEG-modified lipids, one or more non-cationic fipids and onc or more
cholesterol-based hipids encapsulating the mENA. For example, in a typical embodiment of
the mvention, the lipid components of the lipid nanoparticle comprise four types of ipds that
mehude a cationic lipid (e.g., ¢KK-E12, Compound 1, Compound 2, or Compound 3}, a PEG-
maodified lipid (e.g., DMG-PEGIK), a non-cationic lipid (DEPE) and a cholesterol-based
bipid (e.g.. cholesterol). In some embodiments, the ratio of catiomc lipid{s} to non-cationic
limd{s}) to cholesterol-based lipid(s) to PEG-modified lipid(s} in the lipid nanoparticle may be

between about 30-60:25-35:20-30:1-15.

[21] In some embodiment, the lipid components of the lipid nanoparticle comprise
a cationic lipid (e.g., ICE), a PEG-modified lipid {¢.g., DMG-PEG2K), a non-cationic lipid
{DEPE). In some embodiments, the ratio of cationie lipid(s} to non-cationic lipid(s} tc PEG-

modified lipid{s) may be between about 50-60:45-30:5-10.

{22} The mRNA being delivered by the lipid nanoparticles of the present invention
15 a mRNA encoding a protcin that translates into the therapeutic protein i vivo. In certain
embodiments, the mRNA encoding a protein encodes a polvpeptide. In some embodiments, the
polypeptide 1s a therapeutic polypeptide. In some embodiments, the therapeutic polypeptide is
an antibody light chain or an antibody heavy chain. In some embodiments, the therapeutic
polypeptide is a polypeptide absent or deficient in the subject. In certain embodiments, the

mRNA encoding a protein encodes a peptide. In some embodiments, the peptide is an antigen.

[23] In another aspect, the invention provides a method for nuproved delivery of
mRNA 1o a subject in need thereof, the method comprising administering to the subject a lid
nanoparticle encapsulating the mRNA comprising one or more cationic lipids, one or more
PEG-modified lipids and onc or more helper lipids , wherein the one or more helper lipids
corapnses 1,2-Dicrucovi-sn~-ghycero-3-phosphocthanolamine (DEPE). The DEPE o the hipid
nanoparticle provides for the enhanced expression of the mRBNA when adminstered to the

subject.
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[24] In some embodiments, an mRNA encodes a protem that translates inio a
therapeutic protein or peptide in vivo. In some embodiments, the mRNA encoding the protein
or peptide is delivered systematically. In some embodiments, the translated protein or peptide
is detectable in the biver at 6 hours or longer following administration. In some embodiments,
the translated protem or peptide is detectable i the hiver at 12 hours or longer following
adounistration. In some embodiments, the transiated protem or peptide is detectable i the
liver at 18 hours or longer following administration. In some cmbodiments, the translated
protein or peptide 1s detectable in the iver at 24 howrs or longer following administration. In
some embodiments, the translated protein or peptide is detectable in the hiver at 36 hours or
longer following administration. In some embodiments, the translated protemn or peptide is
detectable in the hiver at 48 hours or longer following administration. In some embodiments,
the translated protem or peptide is detectable i the hiver at 72 hours or longer following
adounistration. In some embodiments, the transiated protem or peptide is detectable in the
serum at 6 hours or longer following administration.  In some embodiments, the translated
protein or peptide 1s detectable n the serum at 12 hours or longer tollowing administration.

In some embodiments, the translated protein or peptide is detectable in the serum at 18 hours
or longer following administration. In some embodiments, the translated protein or peptide is
detectable in the serum at 24 hours or longer following admunistration. In some emmbodiments,
the translated protein or pepiide is detectable in the serum at 36 hours or longer following
adounistration. In some embodiments, the transiated protem or peptide is detectable i the
serum at 48 hours or longer following adnunistration. In some embodiments, the translated

protein or peptide 1s detectable in the liver at 72 hours or longer following adnunistration.

[25% In a further aspect, the invention provides a lipid nanoparticle encapsulating a
mRNA comprising one or more cationic lipids, one or more PEG-modified lipids and onc or
more helper lipids, wherein the one or more helper lipids comprises 1,2-Bierucoyl-sn-glycero-
3-phosphoethanolamine (DEPE), for use 1n a method of treating or preventing a disease or
disorder in a subject, wherein the mRNA encodes a peptide, polypeptide or protein that is
suitable for treating or preventing the disease or disorder in the subject. In a related aspect, the
mvention relates to the use a lipid nanoparticle encapsulating an mRNA m the manufacture of
a medicament for treating or proventing a disease or disorder in a subject, wherein the lipid
nanoparticle comprise one or more cationic hipids, one or more PEG-modificd lipids and one

or more helper lipids, said one or more helper ipids comprsing 1,2-Dierucovi-sn-glveero-3-
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phosphoethanolamine (DEPE), and wherein the mRNA encodes a peptide, polvpeptide or
protein that s suitable for treating or preventing the disease or disorder in the subject. In oneg
embodiment, the mRNA encodes a polypeptide or protein that is absent or deficient m the
subject, wherein the disease or disorder is a deficiency in said polypeptide or protem. In another
embodiment, the mRNA encodes an antibody light chain or an antibody heavy chain and the
subject suffers from a disease or disorder that is treatable by administering an antibody
comprising said light chain or said heavy chain to the subject. In a further embodiment, the
mRNA encodes a peptide, polypeptide or protein, wherein said peptide, polypeptide or protein
is capable of inducing an tmmune response in said subject in order to treat or prevent the disease

or disorder.

[261 The mventors also found that the use of DEPE as a helper pid makes it
possible to formulate multi-component formelations that do not form stable liposomes when
DOPE is used as one of the helper fipids. In vet a further aspect, the tnvention therefore
provides a method for preparing a hipid nanoparticle encapsulating a mRNA, said method
comprising {a) providing a mixtare of one or more cationic lipids, one or more PEG-modified
lipids and one or more helper lipids, wherein the one or more helper lipids comprises 1,2-
Dierucoyl-sn-glycero-3-phosphocthanolamine (DEPE), and (b) forming a lipid nanoparticle
form the mixtare provided in step {a), wherein the method further comprises encapsulating
the mRNA into the lipid nanoparticle, wherein encapsulation can take place before or after
formation of the lipid nanoparticle in step (b} The resulting lipid nanoparticlc encapsulating
the mRNA is stable. In one embodiment, the method for preparing a ipid nanoparticle in
accordance with the invention specifically excludes the use of one or more helper lipids
selected from dioleoyliphosphatidylethanolamine {(DOPE}. 1,2-Dilinoleovi-sn-glycero-3-
phosphocthanolamine (DLOPE), I-palmitovl-2-oleovl-sn-glycero-3-phosphocthanclamine
(POPE), and combinations thereof. In one embodiment, the DEPE is present in the ouxture at
a concentration of between 10 molar percent and 50 molar percent. In onc embodiment, the
one or more PEG-modified lipids 1o the mixture corapnses a polv(ethvienc} glveol chain of
up to 5 kDa in length covalently attached to a lipid with alkyl cham(s) of Ce-Coo length. In
one embodiment, the mixtore one or more cationic lipids, one or more PEG-modified lipids
and one or more helper hipids further comprises one or more sterols, such as a cholesterch-
based lipid. In one embodiment, a cholesterol-based lipid is cholesterol and/or PEGylated

cholesterol. In one embodiment, the mRNA encodes a therapeutic peptide, polypeptide or
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protein. In some embodiments, the mRNA is encapsulated into a preformed lipid
nanoparticle. in some embodiments, the method for preparing a lipid nanoparticle in
accordance with the invention further comprises subjecting the lipid nanoparticle to
tangential flow filtration {(TFF) betore and/or after encapsulation of the mRNA. In some
embodiments, the method farther comprises formulating the lipid nanoparticle m a trehalose

solution.

(271 Without wishing to be bound by any particular theory, the inventors believe that
DEPE dervatives, in particular, DEPE derivatives with varving bipid chain length or
corposition provide the same advantages as described herein for DEPE. For convenience, the
foregoing summary and detailed description of the invention makes reference to DEPE only.
It should be understood, however, that minor variations to the lipid chamns of DEPE do not
umpact s superior propertics and that such DEPE dernivatives are expressly comprised within

the invention.

[28] Other features, objects, and advantages of the present mvention are apparent in
the detailed description, drawings and claims that follow. It should be understood, however,
that the detailed description, the drawings, and the claims, while indicating embodiments of
the present nvention, are given by way of illustration only, not limitation. Various changes
and modifications within the scope of the invention will become apparent to those skilled in

the art.

BRIEF DESCRIPTION OF THE DRAWINGS
{291 FIG. 1 depicts an exemplary graphical representation of the EPO protein
expression in mRNA LNPs comprising DEPE and other helper hipids.

(301 FIG. 2 depicts an exemplary graphical representation of post-dose level of sera

ALT and AST for mRNA LNPs comprising BEPE and other helper lipids.

BETAILED DESCRIPTION OF THE IRVENTION

(31} The following embodiments and aspects thercof are described and illustrated in
conjunction with systems, compositions and methods which are meant to be exemplary and

tlustrative, not limiting in scope.

10
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Definitions

(321 The present invention provides an improved process tfor manufacturing mRENA
encapsulated in lipid nanoparticie (LNP) formulations for producing mRNA therapeutic

compositions.

[33] 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.

{34} Amino acid: As used herein, term “amino acid,” 1 its broadest sense, refers to
any compound and/or substance that can be incorporated info a polypeptide chain. In some
embodiments, an amino acid has the general structure HoN-CHNR»-COOH. In some
embodiments, an amino acid is a naturally occurring amine acid. In some embodiments, an
amino acid is a synthetic amino acid; in some embodiments, an amino acid is a d-amino acid;
i some embodiments, an amingo acid is an l-amine acid. “Standard amine acid” refers to any
of the twenty standard l-amino acids commonly found i naterally occurring peptides.
“Monstandard anune acid” refers to any amino acid, other than the standard amino acids,
regardless of whether it is prepared synthetically or obtained from a natural source. As used
herewn, “synthetic amino acid” encompasses chemically modified amino acids, including but
not limited to salts, amino acid dervatives (such as anmides), and/or substitutions. Amino acids,
mchiding carboxy~ and/or amino-terminal amine acids i 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. Anuno acids may participate in a disulfide bond. Amino acids may comprise one or
posttransiational modifications, sach as association with ong or more chemucal entities {e.g.,
methyl groups, acetate groups, acety! groups, phosphate groups, formyl moieties, isoprenoid
groups, sulfate groups, polvethviene giveol moictics, lipid moieties, carbohydrate moietics,
biotin moictics, efc.}). The term “amino acid” 1s used interchangeably with “ammo acid
residoe,” and may refer to a free amino acid and/or to an amino acid residoe 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 residuc of a peptide.

[35] Animal. As used herein, the term “animal” refers to any member of the animal
kingdorm. In some cmbodiments, “animal” refers to humans, at any stage of development. In

some embodiments, “animal” refers to non-human animals, at anv stage of development. In

11
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certain embodiments, the non-human anmimal 1s a mammal {e.g., a rodent, a mouse, a rat, a
rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some embodiments,
amimals include, but are not limited to, manmmals, birds. reptiles, amphibians, fish, insects,
and/or worms. In some embodiments, an animal may be a transgenic amimal, genetically

engineered ammal, and/or a clone.

[361 Approximately ar about: As used herein, the torm “approximately” or “about,”
as applied to one or more values of interest, refers {o a value that is similar to a stated reference
value. In certain embodiments, the term “approxmately” or “about” refers to a range of values
that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%. 12%, 11%, 10%. 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than} of the stated
reference value unless otherwise stated or otherwise evident from the context {except where

such number would exceed 100% of a possible value).

371 Combining: Asused herein, the term “combining” is interchangeably used with
mixing or blendimg. Combining refers to putting together discrete LNP particles having distinet
propertics in the same solution, for example, combining an mRNA-LNP and an empty LNP, to
obtain an mBRNA-LNP composition. In some embodiments, the combining of the two LNPs 1s
performed at a specific ratio of the components being combined. In some embodiments, the
resultant composition obtained from the combining has a property distinct from anv one or

both of its components.

[38] Delivery: As used herein, the term “delivery” encompasses both local and
systemis delivery. For example, delivery of mRNA encompasses situations in which an mRNA
is delivered to a target tissue and the encoded protein or peptide 15 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 or peptide
1s expressed and secreted into patient’s circulation system {e.g., serum) and systematically
distributed and taken up by other tissucs (also referred o as “systenuc distribution” or
“systemic delivery).

{391 Efficacy.  As used herein, the term “efficacy,” or gramumatical equivalents,
refers to an mmprovement of a biologically relevant endpoint, as related to delivery of mRNA
that encodes a relevant protein or peptide. In some embodiments, the biclogical endpoint is

protecting against an anmumonium chlorde challenge at certain time points afier administration.

12
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{40} Fncapsulation:  As used herein, the term “encapsulation,” or grammatical
equivalent, refers to the process of confining an mndividual mRNA molecule within 2
nanoparticle.

P

411 FExpression: As used herein, “expression” of a mRNA refers to translation of an
mEMA into a peptide {¢.g., an antigen}, polypeptide, or protein {e.g., an enzyme) and also can
mclude, as indicated by context, the post-translational modification of the peptide, polvpeptide
or fully assembled protein {e.g., enzvme). In this application, the terms “expression” and

“production,” and grammatical equivalent, are used inter-changeably.

{421 Improve, increase, or reduce: As used herein, the terms “improve,” “increase”
or “reduce,” or grammatical equivalents, mdicate 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 sample or subjoct {or multiple control samples
or subjects) in the absence of the treatment described herein. A “control sample” 15 a sample
subjected to the same conditions as a test sample, except for the test article. A “control subject”
is a subject afflicted with the same form of discase as the subject being treated, who is about

the same age as the subject being treated.

[43] Impurities: As used herein, the term “impurities” refers to substances inside a
confined amount of liguid, gas, or sohd, which differ from the chemical composition of the

target matenial or compound. Impurities are also referred 1o as contammants.

{44} In Vitro: As used herein, the term “in vitro” refors to ovents that cccur in an
artificial environment, e.g., in g test tube or reaction vessel, i cell culture, erc., rather than

within a multi-cellular organism.

[45] In Vivo: As used herein, the term “in vivo™ refers to events that occur within a
multi-cellular organism, such as a human and a non-human animal. In the context of celi-based
systems, the torm may be used to refer to events that occur within a hiving cell {as opposed to,

for example, in vitro systems).

[46] Isolared. As used herein, the term “isolated” refers to a substance and/or entity
that has been (1) separated from at keast some of the components with which it was associated
when mitially produced (whether in nature and/or in an cxperimental setting), and/or (2)
produced, prepared, and/or manufactured by the hand of man. Isolated substances and/or

entities mav be separated from about 10%, abouot 20%, about 30%, about 40%, about 50%,
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about 60%, about 70%. about 80%. about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%. about 96%, about 7%, about 98%. about 99%, or more than about 99% of the
other components with which they were mitially associated. o some embodiments, isolated
agents are about 80%, about 5%, about 90%. about 91%, about 92%, about 93%, about 949,
about 95%, about 96%, about 97%, 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, efc.).

{471 Local distribution or deliverv. As used herein, the terms “local distribution,”
“local delivery,” or grammatical equivalent, refer to tissue specific delivery or distribution.

Typically, local distribution or delivery requires a peptide or protein (e.g.,

enzyme} encoded
bv mRNAs be transiated and cxpressed intraccllularly or with limited secretion that avoids

entering the patient’s circulation systen.

[48] messenger RNA (mRNA): As used herein, the term “messenger RNA (mRNA)Y”
refers to a polynucleotide that encodes at least one peptide, polypeptide or protein. mRNA as
used herem encompasses both modified and unmoditied RNA. 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 svnthesized, erc
Where appropriate, e. g., in the case of chemically synthesized molecules, mRNA can comprise
nucleoside analogs such as analogs having chenucally moditied bases or sugars, backbone
modifications, efc. An mRNA scquence is presented in the 57 to 37 direction vnless otherwise
mdicated. In some embodiments, an mBNA is or comprises natural mucleosides (e.g.,
adenosine, guanosing, cviidine, undine}; nucleoside analogs (e.g., 2-amimoadenosinge, 2-
thiothymidine, mosine, pyrrolo-pyrimidine, 3-methyl adenosine, S-methyleytiding, -5
propynvi-cvtidine, (-5 propynvl-uridine, 2-aminoadenosine, C5-bromouridine, C5-
fluorouridine,  C3-iodouridine,  Ci-propvevi-undine,  C3-propynyl-cvtidine,  C3-
methvleviidine, 2-amincadenosine, 7-deazaadenosing, 7-deazaguanosine, 8-oxoadenosine, 8-
oxoguanosine, O(6)-methylguanine, 2-thiocytidine, psendouridine, and S-methyleytidine);
chenmically modified bases; biologically modified bases {e.g., methylated bases); wtercalated
bases; modified sugars {e.g., 2" -fluororibose, ribose, 2’ -deoxyvribose, arabinose, and hexose);
and/or modified phosphate groups {e.g., phosphorothicates and 5 -N-phosphoramidite

kinkages).
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[49] Nucleic acid:  As used herein, 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. In some embodiments, a nucleic acid is a compound and/or substance that 1s or can be
meorporated nto a polynucieotide chain via a phosphodiester linkage. In some embodiments,
“nucleic acid” refers to mdividual nucleic acid residues (g .g., nucleotides and/or nucleosides).
In some embodiments, “nucleic acid” refers to a polynuclectide chain comprsing individual
nucleic acid residues. In some cmbodiments, “nucleic acid” encompasses ENA as well as
single and/or double-stranded DNA and/or ¢DNA. Furthermore, the terms “nucleic acid,”
“DINA,” “RNA” and/or similar terms include nucleic acid analogs, 1.¢., analogs having other

than a phosphodiester backbone.

501 Patient: As used herein, the term “patient” or “subject” refers to any organism
to which a provided composition may be adnumistered, e.g., for expenmental, diagnostic,
prophylactic, cosmetic, and/or therapeutic purposes. Tvpical patients include animals {(e.g.,
mammals such as muce, rats, rabbits, non-human primates, and/or humans). In some

embodiments, a patient is 4 human, A human includes pre- and post-natal forms.

511 Pharmaceutically accepiable: 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,
wrritation, allergic response, or other problem or complication, conunensurate with a reasonable

benefit/risk ratio.

[52] Pharmaceutically accepiable saif. Pharmaceutically acceptable saits are well
known in the art. For example, 5. M. Berge et al., describes pharmaceutically acceptable salts
n detail in J Pharmaceutical Sciences (1977) 66:1-19. Pharmaceutically acceptable salts of
the compounds of this wnvention include those derived from sutable inorganic and organic
acids and bases. Examples of phammacentically acceptable, nontoxic acid addition salts arc
salts of an amino group formed with morganic acids such as hydrochioric acid, hvdrobromic
acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic
acid, oxalic acid, maleic acid, tartaric acid, citric acid, suceinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically acceptable salts
mnclude adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,

dodecylsulfate, cthanesulfonate, formate, fumarate, glucoheptonate, glyvcerophosphate,

15



WO 2021/007278 PCT/US2020/041122

gluconate, hemusulfate, heptancate, hexanocate, hydroiodide, 2-hyvdroxy-ethanesultonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesolfonate, 2-
naphthalencsulfonate, nicotinate, mitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like. Salts
derived from appropriate bas¢s include alkali metal, alkaline carth metal, ammonnim and
NY(Cr4alkyha salts. Representative alkah or alkaline carth metal salts include sodium, hithium,
potassium, calcium, magnesium, and the hke. Further pharmaceutically acceptable salis
mehude, when appropriate, nontoxic ammonium. guaternary ammonium, and amine cations
formed using counterions such as halide, hvdroxide, carboxylate, sulfate, phosphate, nitrate,
sulfonate and arv! sulfonate. Further pharmaceutically acceptable salts include salts forme

from the quartermization of an amine using an appropriate electrophile, e.g., an alkyl halide, to

form a quarternized alkylated amino salt.

[53] Potency: As used herein, the term “potency,” or grammatical equivalents, refers
to level of expression of protein{s) or peptide(s) that the mRNA encodes and/or the resulting

biclogical effect.

[54] Salr: As used herein the term “salt” refers to an ionic compound that does or

may result from a neutralization reaction between an acid and a base.

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

Compared to the definition of “local distribution or delivery.”

[561 Subject: As used berein, the term “subject” refers to a human or any non-buman
amimal (e.g., mouse, rat, rabbit, dog, cat, caitle, swine, sheep, horse or primate}. A human
mcludes pre- and post-natal forms. In many embodiments, a subject is a human being. A
subject can be a patient, which refers to a human presenting to a medical provider for diagnosis
ot treatment of a disease. The term “subject” 1s used herein interchangeably with “individual”
or “patient.” A subject can be afflicted with or 1s susceptible to a discase or disorder but may

or may not display symptoms of the discase or disorder.
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[57] Substantially: As vsed herein, the term “substantially” refers to the qualitative
condition of exhibiting total or near-total extent or degree of a charactenistic or property of
mtercst. 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 oravoid
an absolute result. The term “substantially” 15 therefore used herein to capture the potential

lack of completeness inherent in many biological and chemical phenomena.

[58] Target fissues: 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 inclade those tissues

that display discase-associated pathology, symptom, or feature.

391 Therapentic Index:  As used herein, “Therapeutic Index” is the ratio of the
concentration of a drug in the blood at which it becomes toxic, and the concentration at which

it is offective. The larger the therapeutic index, the safer the drug is.

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

of decreasing the risk of developing pathology associated with the discase.

[61] Yield: As vsed herem, the term “vield” refers to the percentage of mRNA
recovered after encapsulation as compared to the total mRNA as starting material, In some

embodiments, the term “recovery” is used interchangeably with the term “vield”.

[62] Aliphatic: As used herein, the term aliphatic refers fo C1-Cae hydrocarbons
and includes both saturated and unsaturated hydrocarbons. An aliphatic may be linear,
branched, or cyclic. For example, Ci-Cao aliphatics can include Ci-Cao alkyls {e.g., lincar or
branched Ci-Cre saturated alkyls}), Co-{ae alkenyls {e.g., lingar or branched Ce-Coo dienyls,
Enear or branched Ce-Coo trienyls, and the like), and Co-Cao alkynyls (e.g., linear or branched
Cr-Coe atkynvisy. C1-Coo aliphatics can mclude Cs5-Cae cychic aliphatics {e.g., C3-Cao
cycloalkyls, Ce-Cao cveloalkenyls, or Cs-Cao eycloalkynyls). In certain embodiments, the
aliphatic may comprise one or more cyclic aliphatic and/or one or more heteroatoms such as
oxygen, nitrogen, or sulfur and may optionally be substituted with onc or more substituents

such as alkvi, halo, alkoxyl, hvdroxy, amino, arvi, ether, ester or anmude. An aliphatic group is
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unsubstituted or substituted with one or more substituent groups as described herein. For
example, an aliphatic may be substituted withonec ormore {e.2., 1, 2.3, 4, 5. 0r 8
ndependently selected substituents) of halogen, -COR’, -CO:H, -CO:R’, -CN, -OH, -OR’, -
OCOR’, -OCOR’, -NHz, -NHR’, -N{R '}z, -SSR or-SGeR’, wherein cach mstance of R’
mdependently is Ci-Cae aliphatic {e.g., C1-Cao alkyl, C1-Cis alkyl, C1-Cio alkyl, or Ci-C3
atkvl}. In embodiments, R’ independently is an unsubstituted alkyi {e.g., unsubstituted Ci-
Cao alkvl, C1-Cis alkyl, C1-Cro alkyl, or Ci-Cs alkyl). In embodiments, B independently is
unsubstituted C1-Cs alkyl. In embodiments, the aliphatic 1s unsubstituted. In embodiments,

the aliphatic does not include any hetercatoms.

[63] Alkyi: As used herein, the term “alkyvl” means acyclic linear and branched
hydrocarbon groups, ez “Ci-Cao alkvl refers to alkyl groups having 1-20 carbons. An alkyl
group may be linear or branched. Examples of atkv] groups include, but are not himited to,
methyl, ethyl, n-propyl, isopropyl, butyl, isobutyl, sec-butvl, tert-butyl, pentvl, isopentyl tert-
pentvlhesyl, Isohexviere. (ther alky! groups will be readily apparent to those of skill in the
art given the benefit of the present disclosure. An alky] group may be ansubstihited or
substituted with one or more substitucnt groups as described herein. For examaple, an alkyl
group may be substituted with onc ormore {e.g.. 1, 2, 3, 4, 5, or 6 independently selected
substituents) of halogen, -COR’, -COH, -CORR’, -CN, -OH, -OR’,

-OCOR’, -OCOR’, -NHz, -NHR’, -N(R ™). -8R or-SO:R’, wherein cach instance of R’
mdependently is Ci-Cy aliphatic (e.g., C1-Cao alkyl, C1-Cis alkyl, Ci-Cio alkyl, or Ci-C3
atkvl). In embodiments, B’ mdependently 1s an unsubstituied alkyl {e.g., unsubstituted Ci~
Cae alkvl, C1-Cis alkvl, C-Cho alkyl, or Ci-Cs alkyly. In embodiments, R independently is
pasubstituted C1-Cs altkyl In embodiments, the alkylis substituted (e.g, with 1, 2,3, 4, 5, or
6 substituent groups as described herein). In embodiments, an alkyl group 1s substituted with
a~0OH group and may also be referred o herein as a “hvdroxyalkyt” group, where the prefix

denotes the ~OH group and “alkyl” is as described herein,

[64] Alieriyl: Asused herein, “alkenyl” means any hinear or branched hydrocarbon
chains having one or more ansaturated carbon-carbon double bonds that may occur in any
stable point along the chain, e.g. *Ca-Coo alkenvl” refers to an alkenyl group having 2-20
carbons. For example, an alkeny! group includes prop-2-enyl, but-2-¢cnyl, but-3-enyl, 2-
methylprop-2-enyl, hex-2-enyl, hex-3-envi, 2.3-dimethylbut-2-enyl, and the like. In

embodiments, the alkenyl comprigses 1, 2, or 3 carbon-carbon double bond. In embodiments,
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the alkeny! comprises a single carbon-~carbon double bond. Tn embodiments, multiple double
bonds {e.g., 2 or 3} are conjugated. An alkenyl group may be unsubstituted or substituted
with one or more substitucut groups as described herein. For example, an alkenvl group may
be substituted with one or more (e.2., 1, 2, 3, 4, 3, or 6 independently selected substituents) of
halogen, -COR’, -CO:H, -CO:R’, -CN, -OH, -OR’, -OCOR’, -CCOR’, -NH,, -NHR, -
MN{R’)2, -5R’ or-500R’, wherein each 1nstance of R’ independently 18 C1-Cao aliphatic {e.g.,
Ci-Cono alkyl, C1-Cis alkyl, Ci-Cio alkyl, or Ci-Cs alkyl). In embodiments, R’ independently
is an unsubstituted alkyl {e.g., unsubstituted C1-Cao alkvl, C1-Cis alkyl, C1-Cuo alkvl, or C1-Cs
alkyl). In embodiments, R’ independently is unsubstituted Ci-Cs alkyl. In embodiments, the
atkeny! is unsubstituted. In embodiments, the alkenyl is substitated {e.g, with 1,2, 3,4, 5, or
6 substituent groups as described herein}. In embodiments, an alkenyl group 15 substituted
with a~OH group and may also be referred to heretn as a “hydroxyalkenvl” group, where the

prefix denotes the ~OH group and “alkeny!” is as described herein.

[65] Alicynyl: As used herein, “alkyny!” means any hydrocarbon chain of either
Enear or branched configuration, having one or more carbon-carbon triple bonds cccurring in
any stable point along the chain, e. g “C-Cae alkynvl” refers to an alkvnyl group haviag 2-20
carbons. Examples of an alkyny! group include prop-2-vayl, but-2-yuvl, but-3-yanyl, pent-2-
vayl, 3-methylpent-4-ynvl, hex-2-ynvl, hex-S-ynyl, efe. In embodiments, an alkynyl
comprises ong carbon-carbon triple bond. An alkynyl group may be unsubstituted or
substituted with one or more substitucnt groups as described herein. For example, an alkvoyl
group may be substituted with one ormore {e.g., 1, 2, 3, 4, 5, or 6 independently selected
substituents) of halogen, -COR’, -COH, -CO:R’ -CN, -OH, -OR’, -ODCOR’,

~OCOR, -NHz, -NHR®, -N{R )2, -8R’ or-50:R’, wherein each instance of R’ independently
is C1-Coo aliphatic {e.g., Ci-Cuo alkyl, Ci-Cis alkyl, Ci~Cio alkyl, or Ci-Cs alkyvly. In
embodiments, R’ independently is an unsubstituted atkyvl {e.g . unsubstituted C1-Cao alkyl,
Ci-Cys alkeyl, Ci-Cro alkyl or Ci-Cs alkyl). In embodiments, B independently is
unsubstituted C1-Cs alkyl. In embodiments, the alkynyl is unsubstituted. In cmbodiments,
the alkvnyi 1s substituted {e.g., with 1, 2, 3, 4, 5, or 6 substituent groups as described herein).
[66] Aryl: The term “aryl” used alone or as part of a larger moiety as in “aralkyl”
refers to a monocyclic, bicyelic, or ticvelic carbocyclic ring system having a total of six to
fourteen ring members, wherein said ring system has a single pomnt of attachment to the rest

of the molecule, at least one ring in the sysiem is aromatic and wherein each ring in the
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system contains 4 to 7 ring members. In embodiments, an aryl group has 6 ring carbon atoms
{"Cos aryl”; ¢.2., phenyl} In some embodiments, an aryi group has 10 ring carbon atoms ("Cio
arvl”; ¢.g.. naphthyt such as 1-naphthvl and 2-naphthy!}. In some embodunents, an arvl group
has 14 ring carbon atoms (“Cia arvi™; e.g., anthracvi). “Arvl” also includes ning svstems
wheretn the arv] ring, as defined above, 15 fused with one or more carbocyelvl or heterocyelyl
groups wherein the radical or point of attachment is on the arvl ring, and in such instances,
the number of carbon atoms continue to designate the number of carbon atoms in the arv! ring

system. Exemplary arvis include phenyl, naphthvl, and anthracene.

[67] Arylene: The term “arvlenc” as used herein refers to an aryl group that is
divalent (that is, having two points of attachment 1o the molecule). Exemplary arvienes

mclude phenylene (e.g., unsubstituted phenylene or substituted phenylene).

Compositions of the Invention

[68] In some embodiments, the mvention provides compositions comprising LNP
and mRNA, which when administered to a sabject, induce sigmficantly higher levels of mRNA
expression i vive, without altering the subject’s tolerance or stress level. The tolerance or
stress is deternined by elevation of liver enzymes aspartate {ransaminase (AST) and/or alanine
aminotransferase {(ALT). In some embodiments, the specific formulations provide
manufacturing advantages, such as case of manufacturing process, e.g., utilization of common

preformed LNP stock solutions, among others.

691 The observations of the present invention revealed that when mRNA-LNPs
formed by mixing mRNA with preformed cmpty LNPs in a step {a) were further combined
with preformed LNPs 1 a step (b) to form a mRNA-LNP composition, the potency of the
resultant composition 1s greatly increased compared to the mRNA-LNP of step (a). This is
particelarly worth-noting since the increased potency 1s observed even when the preformed
LNPs are erapty (1.¢., do not comprise an mRNA) and comprise the same lipid components as
the mENA-LNP. Morcover, even in the case where the preformed LNP comprise only neutral
lipids, which are known to be poor facilitators of polynucleotide transfection, an mereased

expression of the mRNA encoded protein is observed.
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[70] Therefore, the fact that increased potency of the mRNA-LNP composition is
achievable without compromising the 7 vivo tolerability is a siriking advantage of the method

of the mvention 1w terms of therapeutic design.

{711 This aspect of the invention allows for at least two significant advantages, (1)
providing for lower amount of mRNA m an mRNA therapeutic composition per dose, or
lowening the dosing frequency in order to achicve the same biological effect, thereby mcreasing
the therapeutic index of the composition; (11) developing an easy, flexible, scalable and/or high
throughput manufacturing process where one or more preformed LNPs can be prepared in bulk
and made available for multiple mixing and combining steps for achieving the desired

fornlations as described 1n the mmvention.

172} The present invention provides for a process, where mRNA-LNPs prepared by
mixing mRNA with preformed cmpty LNPs are further combined with preformed LNPs,
wherein the resultant mRNA-LNP composition of the invention results in mcreased in vivo
expression of the mRNA encoded protein. In some aspects, this process is a manufacturing
process comprising the steps of {a) mixing preformed cmpty LNPs with mRNA under
conditions that allow formation of mRMNA-LNPs; (b) combining the mRNA-LNPs formed in
step {a} with preformed LNPs, thereby manufactering a composition comprising lipid
nanoparticles encapsulating mRNA. In some embodiments, the lipid nanoparticles comprise
at least a cationic lipid, a non-cationic lipid and a PEG-modified lipid. In some embodiments,

a hipid nanoparticle mayv comprise a neutral ipid, with or without a cationic hipid.
73} In some embodiments, the mRNA encodes for a protein or a peptide.

1741 In some embodiments, the preformed LNP in step (b} is an empty LNP. Insome
embodiments, the preformed LNP in step (b) comprise mRNA. In some embodiments, the
preformed LINP in step (b) comprise mRNA that encodes for a protein or a peptide. In some
embodiments, the preformed LNP 1 step (b) comprises the same mRNA encoding the same
protein or polypeptide as in the mRNA-LNP formed in step {a}. In some embodiments, the
preformed LNP in step (b} comprises a different mRNA that encodes a different protein or

polypeptide than in the mRNA-LNPs formed in step {a).

{757 In some embodiments, the empty LNP in step {(a) and the preformed LNP in
step (b} are distinet, heterogencous lipid nanoparticles. For example, the empty LNP in step

{a)} may comprise a cationic ipid HGT-5003, and the preformed LNP in step (b) comprise a
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cationic lipid ICE. In another example, the empty LNP in step (a) may comprise a cationic
hipid ICE, and the preformed LNP in step (b} comprise a cationic lipid DOTAP. In vet another
cxample, the empty LNP m step (a) may comprise a cationic hpid HGT-4001, and the
preformed LNP in step (b) comprse a cationic ipid ckk-E12. The various lipids suitable for
LNPs and methods for generating the same are described in the respective section below, and

any combination of the lipids to form the LNPs are contemplated herein.

[76] In one embodiment, the mRNA-LNP composition generated i step (b) may
comprise a first hipid nanoparticle and a second lipid nanoparticle; wherein the first hpid
nanoparticle and the second lipid nanoparticle have identical lipid compositions, where at least
some first lipid nanoparticles comprise an mRNA. In one embodiment, the mRNA-LNP
composition generated in step (b} may comprise a first lipid nanoparticle and a second hipid
nanopaiticle; wherein the first lipid nanoparticle and the second lipid nanoparticle have distinat
lipid compositions. For example, the mRNA-LNP composition may comprise a first hipid
nanoparticle comprising the catiomic ipid ICE and a second hipid nanoparticle that comprises
the cationic lipid DOTAP. In some embodiments, the mRNA-LNP composition generated in
step (b) may comprise a first hipid nanoparticle that comprises the cationic lipid {12-200 and
a sccond lipid nanoparticle that comprises the cationic lipid DLinKCZDMA . Accordingly, any
combination of the various lipids suitable for generating LNPs as described m the respective

sections below are contemplated herein.

177} In some embodiments, either the empty LNP of step (a) or the preformed LNP
of step (b) does not comprise a cationic lipid. In some embodiments, either the empty LNP or

the preformed LNP compnses a neutral lipid and/or a PEG-modified lipid.

Lipid Nanoparticles (LNF}

[78] The present invention provides, among others, a composition for an mRNA
therapeuatic where the mRNA s encapsulated in a delivery vehicle for efficient cellular uptake
and processing im vivo. As used herein, the terms “delivery vehicle,” “transfer vehicle,”
“nanoparticle” or grammatical equivalent, are used interchangeably. Delivery vehicles can be
formulated 10 combination with one or more additional nucleic acids, carmers, targeting higands
or stabilizing reagents, or in pharmacological compositions where it is mixed with suitable
excipients.  Technigues for formulation and admiumistration of drugs may be found in

"Remington's Pharmaceutical Sciences,” Mack Publishing Co., Faston, Pa., latest edition. A
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particular delivery vehicle 18 selected based upon 1ts ability to facilitate the transtection of a

nucleic acid to a target cell.

[791 In some embodiments, a suitable delivery vehicle is a liposomal dehivery
vehicle, e.g., a lipid nanoparticle (ENP} or liposome. In some embodiments, liposomes
compiise one or more cationic lipids. In some embodiments, a liposome comprises one or
more cationic lipids, one or more non-cationic lipids, one or more cholesterol-based hipids and
one or more PEG-modified ipids. In some embodiments, a liposome comprises one or more
cationic lipids, one or more non-cationic lipids, and one or more PEG-modificd ipids. In some
crbodiments, a liposome comprises no more than four distinet lipid components. In some
embodiments, a liposome comprises no more than three distinct lipid components. In some
embodiments, one distinct lipid component is a sterol-based cationic hpid. In a typical
embodiment, the LNP of the invention is a liposome encapsulating a mRNA. The lipid
components of a suitable liposome comprise a cationic lipid (e.g., ¢KK-E12, Compound 1,
Compound 2 or Compound 3), a non-cationic Iipid {BEPE}, a cholesterol-based hpid (e.g.,
cholesterol} and a PEG-modified lipid (DMG-PEG2K). Alternatively, the lipid components of
a suitable liposome comprise a sterol-based catiomic hipid {e.g.. ICE), a non-cationic lipid

(DEPE) and a PEG-modified lipid (e.g., DMG-PEG2K).

{801 In some emabodiments, the DEPE in the lipid nanoparticle provides for enhanced
expression of the mRNA encoding a protein or a peptide, in particular in comparison o a
DOPE-contaiming lipid nanoparticle that is otherwise identical in composition (in terms of ipid
components and molar ratio of the individual lipid components} to the DEPE-containing hipid
nanoparticle. In some ¢mbodiments, expression of the mBNA encoding protein delivered by a
DEPE-containing hipid nanoparticle is enhanced at least two-fold relative to a DOPE-
containing hipid nanoparticle. Enhanced expression of the mRNA can be determined by
administering a DEPE-containing lipid nanoparticle and an identically formulated lipid
nanoparticle with a different helper lipid (c.g.. DOPE) to test animals (c.g.. a mouse), for
mstance by tail vein injection, and monitoring expression of the mRMNA at one or more time
points (e.g., at 4, 6, 8, 12, 18 or 24 hours post administration).

811 In some embodiments, mRNA encodes for a protein that transiates into the
therapeutic protem in vivo. In some embodiments, the mRNA encoding a protein encodes a
polypeptide. In some embodiments, the polypeptide is a therapeutic polypeptide. In some

embodiments, the therapeutic polypeptide is an antibody light chain or an antibody heavy
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chain. In some embodiments, the therapeutic polypeptide 1s absent or deficient in the subject
to which the mRNA is administered. In some embodiments, the mRNA encoding a protein

encodes a peptide. In some embodiments, the peptide is an antigen.

[82] In some embodiments, the DEPE-containing lipid nanoparticles of the invention
are safe and tolerable when adminisiered to a subject. For example, the DEPE-containing Hpid
nanoparticles of the invention do not result in any discernable liver toxicity when administered

to subject. Suitable markers for assessing liver toxicity are ALT and AST.

Cationic Lipids

[83] As used herein, the phrase “cationic lipids” refers to any of a number of lipid species
that have a net positive charge at a selected pH. such as physiological pH.
[841] Suitable cationic lipids for use in the compositions and methods of the invention
melude the cationic hipids as described m International Patent Publication WG 2010/144740,
which is incorporated herein by reference. In certain embodiments, the compositions and
methods of the present invention inchude a cationic lipid, (67,97, 287 317)-heptatriaconta-
6,9,28 31-tetraen-19-yl 4-{(dimethylamino)} butanoate, having a compound structure of’

N WO g NP N " W Rl

| v N TN N N

and pharmaceutically acceptable salts thereof.
{857 Other suitable cationic lipds for use in the compositions and methods of the present
mvention include ionizable cationic lipids as descnbed in dernational Patent Publication WO
2013/149140, which s incorporated hercin by reference.  In some embodiments, the
compositions and methods of the present invention include a catiomic hipid of one of the

following formulas:
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or a pharmaceutically acceptable salt thercof, wherein R and Ro are cach independently
selected from the group consisting of hydrogen, an optionally substituted, variably saturated or
unsaturated Ci-Cao alkvl and an optionally substituted, variably saturated or unsaturated Ce-Coo
acvl; wherein Li and Lo are each independently selected from the group consisting of hydrogen,
an optionally substituted C1-Cso alkyl, an optionally substituted variably unsaturated Ci-Cso
alkenyl, and an optionally substituted C1-Cse alkynvl; wherein m and o are cach independently
selected from the group consisting of zero and any positive integer (¢.g., where m is three); and
wherein n is zero or any positive integer {e.g., where n is one}. In certain embodiments, the
compositions and methods of the present invention include the cationic lipid (157, 187)-N,N-
dimethyl-6-(97.127)-octadeca-9,12-dien-l-yi} tetracosa~15,18-dien-l-amine {"HGTS0007),

having a compound structure of:

(HGT-5000)

and pharmaceutically acceptable salts thereof. In certain crabodiments, the compositions and
methods of the present invention include the catiome lipid (152, 18Z)-NN-dimethyl-6-
({97,127 y-octadeca-9,12-dien-1-y1} tetracosa-4,15,18-trien-l ~amine (“HGT50017), having a

compound structure of
NSNS TN TN NN

(HGT-5001}
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and pharmaceuticaily acceptable salts thereof. In certain embodiments, the compositions and
methods of the present invention include the cationic hpid and (157 187)-N N-dimethyl-6-
(97,127 -octadeca-9,12-dien-1-vl) tetracosa-3,15,18~tren-~ 1 ~amine ("HGTS50027), having a

compound structure of’

\T . W N e N g

(HGT-5002)

and pharmaceutically acceptable salts thercof.
[86] (Other suttable cationic lipids for use in the compositions and methods ot the invention
mehude cationic lipids described as amincaleoho! Lipidoids in International Patent Publication
WO 2010/053572, which is incorporated herein by reference. fn certain embodiments, the
corapositions and methods of the present mvention melude a cationic lipid having a compound
structure of’
CagHes
H{:}"’i ™
i/\N/\/NVf\N ~CagHzy
CigHare \NA\,N\/J HO OH
O O CaMm

Caghas

and pharmaccutically acceptable salts thereof,

(871 In some embodiments, lipidoids used n the compositions and methods of the
mvention inciude are svathesized by reacting commercially available amines with
lipophilicacrylates, acrviamides, or epoxides. In some embodiments, lipidoids are derved
from amine 86 (N, N-Bis(2-hydroxyvethylethviene diamine) and amine 87 (N-(3-
aminopropy Ddiethancamine}. The lipidoids have several advantages as a potential new class
of nucleic acid delivery reagents: (i} the chemistry used to synthesize hipidoids is simple and
econontical, (it) a library of structural diversity was already developed, (uit) a corrclation
between structure and function of delivery svstems could be constructed from the large data

sets accumulated from screening the ibrary of hipidoids. The simplicity of these reactions
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allowed to build a structurally diverse library of lipidoids by varving the types of amines, and

the lengths and types {acrylamide/acrylate/epoxide) of tails {or carbon-arm chaing).

[881 In some embodiments, lipidoids comprise about 2-20 carbon-arm chains. In some

embodiments, lipidoids comprise about 5~18 carbon-arm chains. In some embodiments,

lipidoids comprise about 10-16 carbon-arm chams. In some embodiments lipidoids comprise

about 10-14 carbon-arm chains. In some embodiments, lipidoids comprise about 10-12

carbon-arm chains. in some embodiments, lipidoids comprise about 10 carbon-arm chains.

In some embodiments, ipidoids comprise about {2 carbon-arm chains. In some

embodiments, lipidoids comprise about 14 carbon-arm chamns. In some embodiments,

lipidoids comprisce about 16 carbon~-arm chains.

[89] Other suitable cationic lipids for use in the compositions and methods of the invention

mnclude the cationic lipids as described i International Patent Publication WO 2016/1187253,

which is incorporated berein by reference. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of:

N N N e N Ml N N e NI
‘\x’“‘\xf\/"\vf"\vf’\v«*"\i‘ T VA NP el P g
N N N LA {,N\v e

and pharmaceutically acceptable salts thereof,

[90] Other suitable catiome lipids for use in the compositions and methods of the tnvention

mchude the cationic hipids as described 1 International Patent Publication WO 2016/118724,

which is incorporated herein by reference. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of

P N e N e g

D N N e W P N, "\,/-'N R NI N N el N N

>4

)

N NIl N Nl NPy N\/f\;\j/\\v/ ’Xé'\/’

| —

N NI NP N N N
and pharmaceutically acceptable salts thereof.
(91 Other suitable cationic lipids for use in the compositions and methods of the invention
mclude a cationic hipid having the foromla of 14.25-ditridecyl 15,18,21,24-tetraaza-

octatriacontane, and pharmaceutically acceptable salts thereof,
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[92] Other suttable catiomie lipids for use in the compositions and methods of the invention
imchude the cationic lipids as descnbed in International Patent Publications WO 2013/063468
and WO 2016/205691, cach of which are incorporated hercin by reference.  In some
embodiments, the compositions and methods of the present invention mclude a cationic hipid

of the following formula:

OH
Rb i\RL i
HE B ™™
Hi\\” MVNM"YQH
0 R, ,.,3 Rt
OH

or pharmaccutically acceptable salts thereof, whercin cach instance of RN is independently
optionally substituted Ce-Cao alkenyl. In certain embodiments, the compositions and methods

of the present invention include a cationic lipid having a compound structure of;

%’)H
Csoi'{:zz/\

; N
O™ N 0
oMy

HN

and pharmaceutically accepiable saits thereof. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of
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&il
)
)
{(la :,v,{?\?‘; 4"
HO 0 f\
,,N\,,«\/\KKNH H(}j e

and pharmaceutically accepiable salts thereof. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of

and pharmaceutically accepiable salts thereof. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of
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O O AN

and pharmaceutically acceptable salts thereof,

93] Other suitable catiomie lipids for use in the compositions and methods of the invention
mclude the cationic hpids as described in International Patent Publication WO 2015/184256,
which 1s incorporated herein by reference. In some embodiments, the compositions and
methods of the present invention include a cationic lipid of the tfollowing formula:
HT-{CHg by OH
HsC-(CHzbon, sy

O

N

{CR Ryl

(CR.&RE}n
b OH

e
HO™ ™ (OHg)or CHs

or a pharmaceutically acceptable salt thereof, wherein cach X independently is QO orS;each Y

mdependently 1s O or §; cach m independently is 0 to 20; cach n independently 1s 1 to 6; cach

Rax is independently hyvdrogen, optionally substituted C1-30 alkyl, optionally substituted C2-

50 alkenyl, optionally substituted C2-30 alkynyl, optionally substituted C3-10 carbocyelyi,
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optionally substituted 3-14 membered heterocvelvl, optionally substituted C6-14 arvl,
optionaily substituted 5-14 membered heteroaryl or halogen; and cach Re is independently
bvdrogen, optionally substituted C1-50 alkyl, optionally substituted €2-50 alkenyl, optionally
substituted C2-50 alkynvl, optionally substituted C3-10 carbocvelvl, optionally substituted 3-
14 membered heterocvelyl, optionally substitated C6-14 aryl, optionally substituted 5-14
membered heteroaryl or halogen. In certain embodiments, the compositions and methods of

the prescnt invention include a cationic lipid, “Target 237, baving a compound structure off

QH
CigHay” \} HO! 0
LN 5\ HO:, CyaHor
CigHey” TOH \5{
& HCI LTQ oty
OH
{Target 23)
and pharmaccutically acceptable salts thereof,
[94] Other suitable cationic lipids for use in the compositions and methods of the mmvention

mclude the cationic lipids as described n International Patent Publication WO 2016/004202,
which is incorporated hercin by reforence. In some embodiments, the compositions and

methods of the present invention include a catiomic ipid having the compound structure:

HN .
oPor a R?{s\)
o
Re S AN

or a pharmaccutically acceptable salt thereof. In some embodiments, the compositions and

methods of the present invention include a catiomic fipid having the compound structure:
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- f\\f f‘-\\/ TN

-
L
[ |
N N A, J‘l\
~ -
o N \if/ N
-~ o~ N s . -~ P 3 o N .
AN TN S Nt N TN TN N ST N

or a pharmaccutically acceptable salt thereof. In some embodiments, the compositions and

methods of the present invention mmclude a cationic lipid having the compound structure:
/O\ H/f\v/\ P e N N P N

N N o

N

or a pharmaceutically acceptable salt thergof.

93] Other sattable cationic lipids for use in the compositions and methods of the
present nvention include cationic hipids as deseribed in United States Provisional Patent
Apphication Serial Number 62/758,179, which is incorporated hercin by reference. In some
embodiments, the compositions and methods of the present invention include a cationic lipid
of the following formula:

1 p3
xI_R R o .

\E K: /Wl\ R’
N7 LA Uy N X!
R’ . L 1
- 3

RS Ty

)
or a pharmaceutically acceptable salt thereof, wherein cach R! and R? is independently H or
{i-Co aliphatic; ¢ach m is independently an integer having a value of T to 4; gach A is
mndependently a covalent bond or arviene; cach L' is independently an ester, thioester,
disulfide, or anhydride group; each L? is independently Co-Cio aliphatic; ecach X! is

independently H or OH; and each R is independently Ce-Can aliphatic. In some embodiments,
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the compositions and methods of the present invention include a cationic lipid of the following

formula:
CogHay

HO

/YCmHm
N

HO OH

N N

CroHazy
CrgHzy OH

{Compound 1)

or a pharmaceutically acceptable salt thereof. In some embodiments, the compositions and

methods of the present invention include a cationic lipid of the following formula:

HO Cathiz ;
o OH
O o
N NH o} Cabyy
E !
i N N
HO o] HN\//A\//\\\
c \\,/ . \\.

a i P
Ceir 5]

HO Syl
{Compound 2)

or a pharmaceutically acceptable salt thereof. In some embodiments, the compositions and

methods of the present invention include a cationic hipid of the following formula:

Ho\{v, s \/\/}\ o
/\/\(

[OFPS o P}
128708 HO CizHog

{Compound 3}

or a pharmaceutically acceptable salt thercof.

[96] Other suitable cattonic limds for use in the compositions and methods of the present
mvention include the cationic lipids as described . McClellan, M. C. King, Cell 2010, 141,

210-217 and in Whitchead et al., Nature Communications (2014) 5:4277, which is incorporated
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herein by reference. In certain embodiments, the cationic hipids of the compositions and

methods of the present invention mclade a cationic lipid having a compound structure of

GsHay Caatay

and pharmaceutically acceptable salts thereof

(971 Other suitable cationic lipids for use in the compositions and methods of the invention
mclade the cationic lipids as described i International Patent Publication W 2015/199932,
which is incorporated herein by reference. In some embodiments, the compositions and
methods of the present invention include a catiomic ipid having the compound structure:

f/‘\\\, /f\\\, -~

i

. /N\//J\N /\/ /\, PN \/().WI - r’\, /\’ /\ -
Q

~. :/_/’\\ /’\ e
1 \//"0‘\\“’/‘)\'\///\\ \,«"/\\ \//’\\//’

G
and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic fipid having the compound structure:

0

™ NIV N ,\“o'/i\\?/ Tt TN TN TN

N

N NP NP N

lﬁ\ )
\./”\/f\gfﬂ NP NV Y
(/“\/”\
and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention inclade a cationic Hipid having the compound structure:
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. //'\ -
u\‘ "'O\v /A\v N ,.«\\, -
N
7 \\.‘/‘/ \\N“/’\\v‘/‘/\\\,—’/ \\_ Pt S //\'v/
Q A

\‘v f/\\'\/f/\\\w /’“\\./ /*\T RN ’f\\, f/\,\/..r"

O
and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and
methods of the present invention include a cationic tipid having the compound structure:

o

E e NI N
N, P, - -~ 2 Pra™ -~
TN W N \\./" \I/ N \\J’»\v’/r\\f g

TN A NP Ve

H
H
LS

\7]/ ,O\\f LN Ny L
O
and pharmaceutically acceptable salts thercof. In some cmbodiments, the compositions and
methods of the present invention include a cationic lipid having the compound structure:
[f/\\ e
Oty e N N
N N N P R W N
L\/’\V/\V/“\‘I/ O\v/[\/ I Nl Nt
o
and pharmaccutically acceptable salts thercof. In some erabodiments, the compositions and

methods of the present invention include a catiomic ipid having the compound structure:
O

e N\/’/\'\ [ N ol N

L\/‘”\x”" R NP O e e
Y

j/"\i/\/\v’\/mf’\

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic hipid having the compound structure:
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,»O\,/C AN P e

A T e e N N
e S f’\v/ﬁj VAN N T g

and pharmaccutically acceptable salts thercof. In some erabodiments, the compositions and

methods of the present invention include a catiomic fipid having the compound structure:

| P NP N
/““’W-}:/\v/‘\v/\n/ A NP VN
N N

f“\/i\/‘\vf\v/’\/\/’

G

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:

~ w\‘\v.f /\\v/\\/
i O%Y/O\f/{\ e TN NN
NI S U e Ny PV g

K/A\w/\ \/"\r’ﬂ N’ I N

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:

i O S O (\/\f\//\f}\\
P NN N,«»\V,/\V/\\/'\J/ PN
1\/’\/"\\f’ \/’\\"/ O\Cf;’\\/’ .
QO -

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic Hipid having the compound structure:
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\‘W"]\ KON & -~ N
\/\f\f’”\/\j]/\/ NN N
e ? f/\\v Vo
'."fo\w/ RN NP e

$
and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and
methods of the present invention mclude a cationic lipid having the compound structure:
E N N
\,/”\ W"\ O L\/” R N N
a\vj,\ f\ NN

\Tr NG NN

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and
methods of the present invention include a cationic lipid having the compound structure:
| o
N, N N :§ .
PNt N e PN NG N \\//\O,/’\T../\\\// o
AN

TN
\
~ o
b A
I N
and pharmaceutically acceptable salts thereof,
981 Other suitable cationic lipids for use in the compositions and methods of the mmvention

mclude the cationic lipids as described n International Patent Publication WO 2017/604143,
which is incorporated hercin by reforence. In some embodiments, the compositions and
methods of the present invention include a catiomic ipid having the compound structure:

| O&ﬁ/\v/‘\f”\/\

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic hipid having the compound structure:
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r./'

O : R N
Y
/f\i\ PN : EE e NP NP e N
R NN

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic fipid having the compound structure:
| O‘\T’”\«f M g N O

‘fN\/\\/I\\{/\W\“/\“/,ﬁ\Q/\E::W

e ‘e ull \[/\/”\.f’ ™
N

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:

| D\\?,W/\\v‘f o N
P NN I N NP OfL\/\/\,/
Rt N ™

O‘;:f*\ o RN N
and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic tipid having the compound structure:

B sccol Jood
NN \,«U\D/ -~
(I:i:/l o
o e GNP NP

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic tipid having the compound structure:

E N ST Ny o
P N WW'”\O/\ T
t/”‘\/"\/ RN
B PN

S
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and pharmaceutically acceptable salts thereof In some embodiments, the compositions and
methods of the present invention include a cationic Hipid having the compound structure:
{3{? e TN N O

i
- Y N N M t\ NP P ,xl\\ -~ AN S

Py /*\/1 A NN
o NO/ "~ Sl NP NP

Q
W NN

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and
methods of the present invention mclude a cationic lipid having the compound structure:

"A\/’ '\\,/‘\.“,/

\,« \,,-'\\/N@/\ T:/\V/"\
(:jffmg C/\/\

and pharmaceutically acceptable salts thercof. In some cmbodiments, the compositions and

methods of the present invention include a catiomic hipid having the compound structure:

— N N

R N w"'\v\é\[i\/v%/\vf“\vf {:}"A AN N

e

and pharmaccutically acceptable salts thercof. In some erabodiments, the compositions and

methods of the present invention include a catiomic fipid having the compound structure:

w{j@f A

PN
and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic tipid having the compound structure:
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Qg O™
@Mf\j\&v/\/

| O

oo -~
and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:

| © ?

NN LA:\/%\J%/’\/U\OWV‘NVJ\

’\f;\ N2 N
O o/\C:M
.

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:

O
| QY\/’\V’“\/\ o o
N AN W\/’“\A o ~
\L\/\NWQ N

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention mclude a cationic lipid having the compound structure:

Lo

and pharmaceutically acceptable salts thereof. In some embodiments, the compositions and

methods of the present invention include a cationic lipid having the compound structure:
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O
and pharmaceutically acceptable salts thereof In some embodiments, the compositions and
methods of the present invention mmclude a cationic lipid having the compound structure:
Y\\/\/\/ M/
E
/N W \/A\W
RN
NIl NPl SV

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and

methods of the present invention include a cationic Hipid having the compound structure:

§ QY\,%M I N NP
N R NP N \Cfv\w/g Rl W N
O W N N Wl

and pharmaceutically acceptable salts thereof,
{991 Other suitable cationic lipids for use in the compositions and methods of the invention
mclude the cationic lipids as described in nternational Patent Publication WO 2017/075531,
which 1s mcorporated herein by reference. In some embodiments, the compositions and
methods of the present invention mclude a catiomic Hpid of the following formulda:
RS

\{’33
: 2
A VRELNPLAN

3 2

R R2
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or a pharmaceutically acceptable salt thereof, wherein one of L! or L? is -O(C=0)-, {(C=0)0-
, “C(=0, ~0-, -5{0)x, ~8-8-, -C{=0)8-, -SC(=0)-, -NRH(=0)-, -C(=0INR?*, NRUC(=0)NR*
, -OCEOINRE or -NR*C(=0)0-; and the other of L or L? is -O{C=0})-, (C=0)0-, -C(=0)-,
-0-, ~S(0) «, -5-8-, -C(=0)5-, SC(=0)-, -NR*C(=0)~, -C(=O)NR*, NR*C(=0)NR*, -
OCEOINR®- or -NRC(=0)0- or a direct bond, G' and G* are cach independently
unsubstituted Ci-Ci2 alkylene or C1-Ciz alkenylene; G is Ci-Cas atkylene, Ci-Caa alkenylene,
(s-Cx cycloalkylene, Cs-Cs cvcloalkenylene: R is H or Ci-Cuiz alkyvl; R and R® are cach
independently Ce-Caa alkyl or Cs-Caa alkenyl; R¥ is H, OR®, ON, -C=0)0RY, -O0CEOIR or -
NR®* C(=0)R* R is Cr-Ciz alkyl, RPis Hor Ci-Cs alkyl; and xis 0, 1 or 2.
[10G]  Other suitable cationic lipids for use in the compositions and methods of the invention
melude the catiome lipids as described i International Patent Publication WO 2017/117328,
which 1s incorporated herein by reference. In some embodiments, the compositions and
methods of the present invention include a cationic fipid having the compound structure:
O
xN/\/\K,G\T/\,»\,»\/«vAOJL\ NP
| N o N
USSP
N

and pharmaceutically acceptable salts thereof In some embodiments, the compositions and
methods of the present invention mclude a cationic lipid having the compound structure:
IR el N
N /\xwx,/\/\/\g«gwf&f’\m/

&

‘["\/’ R g
IF‘O\V/ NN
G

and pharmaceutically acceptable salts thercof. In some embodiments, the compositions and

‘\.v./'

methods of the present invention include a cationic lipid having the compound structure:

O
! y
/N\N \\‘('o\("'\vf AN NPy '\\f’\())j R N N VN

G “ o PNy
L/,"\, N 0 ; /\\//\'\ //\v/'\\.

N e

and pharmaceutically acceptable salts thereof
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[101]  Other suitable cationic Iipids for use in the compositions and methods of the invention
melude the cationic bpids as described in International Patent Publication WO 2017/049245,
which is mcomorated herein by reference. o some embodiments, the cationic lipids of the
corapositions and methods of the present mvention include a compound of one of the following

formulas:

O

(\/\/\/ELOW
O O i

O
(\/\/\)1\0/1\/\/\/\/
0% o ,

O
NB\QW
O 0D ,and

)

M)‘\QW\N
07 0 ,

and pharmaccutically acceptable salts thercof. For any one of these four formulas, Re 1s
mdependently selected from -(CH2)Q and <(CHy) 2CHQR; Q 15 selected from the group
consisting of -OR, -OH, -O(CH2)uN(R ), -OC{O)R, -CX5, -CN, -NRYCOR, -NEHC(OR, -
MNRIS(ORR, -NEDS(ORR, -NERIC(OIN{R)2, -NEDHCOMNR), -NEHCOWNEHHMR), -
N{RIC(SINR )2, -NHYC(SN(RY, -N{HIC(SIN(H}R), and a heterocvele; and nis 1) 2, or 3,
In certain embodiments, the compositions and methods of the present mvention include a

cationic hipid having a compound structure of;
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O

M‘“W
(SIS

and pharmaceutically aceeptable salts thereof. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of)

o

(W\)L\Q/WW\
HO‘”\«'“N\/\,/\/:\ m
0¥ o

and pharmaceutically acceptable salts thereof. In certain crabodiments, the compositions and
methods of the present invention include a catiomic lipid having a compound structure of

i
D

[/\/\/’&LOWW
HO”VN\/\/VJ\ m
0% 0

and pharmaceutically acceptable salts thereof. In certain embodiments, the compositions and

methods of the present invention include a cationic lipid having a compound structure of

]

ﬁ/’\)j\@fW
HO™ NW\/\J\ m
Q0

and pharmaceutically acceptable salts thereof,

[102]  Other suitable cationic lipids for use in the compositions and methods of the invention
mclude the cationic lipids as described in International Patent Publication WO 2017/173054
and WO 2015/0953440, cach of which 1s incorporated herein by reference. In certam
embodiments, the compositions and methods of the present invention include a cationic limd

having a compound structure of’
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and pharmaceuticaily acceptable salts thereof. In certain embodiments, the compositions and

methods of the present invention include a catiomic lipid having a compound structure of:

)
g O\/M//\vf\ Q/li”\/’\./"\/’"\//\\
i ..
. O

and pharmaceutically acceptable salts thereof. In certain emboduments, the compositions and
methods of the present invention include a cationic lipid having a compound structure of
R ygg\(\v/\vfﬁ\fﬁ\\ff\\ PN

'
w

. /'.ﬁ
/§ [ N N /‘J
Q/A\ 0 .-Y RN, o ~ PR N J’f

__/"j\‘\._/" O \..
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and pharmacewutically acceptable salis thereof. In certain embodiments, the compositions and

methods of the present invention include a catiomic lipid having a compound structure of
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and pharmaccutically acceptable salts thereof,
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[103]  Other suitable cationic hipids for use n the compositions and methods of the present
mvention incliude cleavable cationic lipids as described 1o International Patent Publication WO
2012/170889, which 1s mcorporated heremn by reference.  In some embodiments, the
corapositions and methods of the present mvention include a cationic lipid of the following

formula:
. ',_,, % B RQ
R -g"g %’; $-87

wherein Ru is selected from the group consisting of imidazole, guanidiniom, amino, imine,
enaming, an optionallyv-substituted alkyl amino (¢ .g., an alkyl amino such as dimethylamino)
and pyrdyl, wherein Rz 1s selecied from the group consisting of one of the following two

formulas:

\}"'\.,,,\w‘ - /R:z
A,} “,{ A \E

N § f ./'\
ke Lv’t//\fr B : 0\&;

and

and wherein Ry and R are each independently selected from the group consisting of an
optionally substituted, vartably saturated or unsaturated Ce-Cao alkyl and an optionally
substituted, variably saturated or unsaturated Co-Coo acvi; and wherein n is zero or any positive
mteger {e.g., one, two, three, four, five, six, seven, cight, nine, ten, cleven, twelve, thirteen,
fourteen, fiffeen, sixtoen, seventeen, cighteen, nineicen, twenty or morg). In certamn
embodiments, the composttions and methods of the present invention include a cationic lipid,

“HGT40017, having a compound structure of

1
N Ry
; G~ T
¢
N.

(HGT4001)
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and pharmaceuticaily acceptable salts thereof. In certain embodiments, the compositions and
methods of the present invention inclode a cationic hipid, "HGT4002”, having a compound

structure of:
h ***\,,«\/
e { /

f\,,\] s
N, N A g J\

(HGT4002)

and pharmacewtically acceptable salis thereof. In certain embodiments, the compositions and
methods of the present invention include a cationic hipid, “HGT4003”, having a compound
structure of:
AN \3“8/\ff\
(HGT4003)

and pharmaceotically acceptable salts thereof. In certain embodiments, the compositions and
methods of the present invention inclode a cationic hipid, "HGT4004”, having a compound

structure of:

(HGT4004)

and pharmacewutically acceptable salis thereof. In certain embodiments, the compositions and
methods of the present invention include a cationic lipid “HGT40035”, baving a compound

structure of:

L N NI N N N

(HGT4005)
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and pharmaceutically acceptable salts thercof,

[104] Uther suitable cationic hipids for use in the compositions and methods of the
present invention include cleavable cationic lipids as described in U.S. Provisional Application
No. 62/672,194, filed May 16, 2018, and mecorporated herein by reference. In certain
embodiments, the compositions and methods of the present invention include a cationic ipid
that is anv of general formulas or any of structures (1a)-(21a) and (1b)-(21b) and (22)-(237)
described in U.S. Provisional Application No. 62/672,194.  In certain embodiments, the
compositions and methods of the present invention include a cationic hipid that has a structure

according to Formula (1},

O Q
RS_Lé N 2er2 (1),
wherein:
R¥ is independently -H, -LI-R!, or -L°A-L78-B’;
each of L', L, and L’ is independently a covalent bond, -C(0)-, -C(G)0-, -C(O)S-, or
~C{O)NRY-;
cach L* and L4 is independently -C{0)-, -C{0)0-, or -C{OINR -,
cach L* and L8 is independently Ci-Cae alkylene; (2-Cao alkenylene; or C2~Cao
alkynylene;
cach B and B’ is NR*R® or a 3- to 10-membered nitrogen-containing heteroaryl;
cach R!, R?, and R is independently Co-Cao alkyl, Co-Cao alkenyl, or Ce-Cao alkynyl;
each R* and R’ is independently hydrogen, C1-Cio alkyvl; C2-Cio alkenyl; or C:-Cro
alkynyl; and

cach R is independently hydrogen, Ci-Cao alkyl, C2-Cao alkenyl, or Ca-CUae alkynyl.

In certain embodiments, the compositions and methods of the present mmvention include a

cationic lHipid that is Compound (139} of 62/672,194, having a compound structure of!
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{*18:1 Carbon tail-ribose lipid™).

(1651  In some embodiments, the compositions and methods of the present invention include
the cationic lipid, N-{1-{2,3-diclevioxyjpropyl]-N.N N-trimethylammoniom  chloride
{("DOTMA™). (Feigner et al. (Proc. Nat'l Acad. Sci. 84, 7413 (1987); U.S. Pat. No. 4,897 353,
which is incorporated herein by reference). Other cationic lipids suitable for the compositions
and  methods  of  the  present  invention  imclude, for  example,  5-
carboxyspermylglycinedioctadecyiamide DOGS™; 2,3-diolevloxy-N-2{(spermine-
carboxanmidoethyli-NN-dimethvil--propanamimum  ("DOSPA”) (Behr et al. Proc. Natl
Acad. Sci. 86, 6982 (1989), 1.5, Pat. No. 5,171,678, U.S. Pat. No. 5,334,761); 1,2-Dholeoyl-3-
Dimethyvlammonium-Propane  (“"DODAP™); 1 2-Dicleoyl-3-Trimethylammoniam-Propane
(“"DOTAP™).

(106}  Additional exemplary cationic lipids suitable for the compositions and methods of the
present wvention also include: 12-distearvioxy-N, N-dimethyl-3-aminopropane { “DSDMA™);
1.2-dioleyloxy-N N-dimethyl-3-aminopropane  ("DODMA™:. 1 2-dilinoleyloxy-N,N-
dimethyl-3-aninopropane (“DLinDMA™); 1.2-dumolenyioxy-N, N-dunethyi-3-aminopropanc
{DLenDMA™), N-dioleyi-N N-dimethylammonium chlonide ("DODAC”), N N-distearyi-
N N-dimethylammontum bromide ("DDAB7); N-(1,2-dimyristyloxyprop-3-y1)-N,N-dimethyl-
N-hydroxyethyl ammonium bromide ("BMRIE™), 3-dimethylamino-2-(cholest-5-en-3-beta-
oxybutan-4-oxy}--{cis,cis-9,12~-octadecadienoxy)propane (“CLinDMA™Y; 2-{3'-(cholest-5-en-
3-beta-oxy}-3-oxapentoxy -3-dimethy -1-{cis,cis-9', I-2"-octadecadienoxy Jpropanc
‘CpLinDMA™),  N.N-dimethyl-3 4-dioleyloxybenzylamine  ("BMOBA™); 1 2-NN'-
diolevicarbamyi-3-dimethylaminopropane (“DOcarbDAPT); 2,3-Dilinoleovioxy-N N-
dimethyipropylamine ("DLinDAP”), L2-N N-Dilinolevicarbamyl-3-dimethviaminopropane
{(“DLincarbDAPT); 1 2-Dnlinoleoylcarbamyi-3-dimethviaminopropane ("BLimCDAP7); 2,2-
dilmoleyvl-4-dimethviaminomethyi-{L 3i-dioxclane (“DLin-K-DMA™); 2-{{8-](3P}-cholest-3-
en-3-vioxyjoctyDoxy)}-N, N-dimethyl-3-[(9Z, 12Z)-octadeca-9, 12-dien-1 -vioxy|propane-1-
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aming  (COctyl-CLinDMA™Y,  (2R)-2-((8-[(3beta)-cholest-5-en-3-yvioxyjoctyhoxy)-N, N-
dimethyl-3-{{92, 12Z)-octadeca-9, 12-dicn-1-yloxyipropan-1 -amune {("Ootvl-CLinBDMA
(2R)™Y,  (28)-2-((8-[(3P)-cholest-5-en-3-vioxvjoctyljoxv)-N, fsl-dimethyh3-[{(97, 127}
octadeca-9, 12-dien-1 ~-vioxyipropan-1 ~amine (“Octyl-CLmDMA (25)7); 2,2-dilinolevi-4-
dimethyvlaminoethyi-[1,31-dioxolane  ("DLin-K-XTC2-DMA™Y,  and 2-(2,2-i{{(9Z 127)-
octadeca~9,1 2-dien- 1-vi}-1 3-dioxolan-4-y1-N N-dimethylethanamine ("DLin-KC2-DMA™)
{sce, WO 2010/042877, which is incorporated hercin by reference; Semple ot al, Nature
Biotech. 28: 172-176 (20103}, (Heves, I, et al,, J Controlled Release 107: 276-287 (2005);
Morrissey, 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
coraprise at least one of an imidazole, dialkviamino, or guanidinium moicty.

(1071 In some cmbodiments, one or more cationic lipids suitable for the compositions and
methods of the present invention melude 2.2-Dilinoleyi-4-dimethylaminoethy1-{1.3}-
dioxolane (“XTC™, (3aR,55,6a8)-N N-dimethyl-2,2-di{{97,127}-octadeca-9,12-
dienytetrahydro-3aH-cyclopentajd] [1 ,3]dioxol-5~-amine (FALNY-1007) and/or 4,7,13-
tris{3-oxo-3-(undecylamincpropyl}-N1,N16-diundecyl-4,7,10,13tetraazahexadecanc-1,16-
diamide ("NC98-57).

{108}  In some embodiments, the compositions of the present invention include one or more
cationic lipids that constitute at least about 5%, 10%, 209, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%. or 70%. measured by weight, of the total lipid content in the composition, ¢.g., a
lipid nanoparticle. In some emboduments, the compositions of the present invention include
one or more cationic hipids that constitute at least about 5%, 10%, 20%, 30%, 35%, 40%, 43%,
50%, 55%, 60%, 65%, or 70%, measured as a mol 9%, of the total limd content in the
composition, ¢.g., a lipid nanoparticle. In some embodiments, the compositions of the present
mvention include one or more catiomie fipids that constitute about 30-70 % (e .g., about 30-
635%, about 30-60%, about 30-35%, about 30-50%, about 30-45%, about 30-40%6, about 35«
50%, about 35-43%, or about 35-409%), measured by weight, of the total lipid content in the
composition, ¢.g., a lipid nanoparticle. In some embodiments, the compositions of the present
mvention mclude one or more cationic hipids 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 33-
50%, about 35-45%, or about 35-40%]), measured as mol %, of the total lipid content in the

corposition, ¢.g., a lipid nanoparticle

50



WO 2021/007278 PCT/US2020/041122

[109] In some embodiments, sterol-based cationic lipids may be use instead or in
addition to cationic hpids described hercin.  Suitable sterol-based cationic lipids are
diatkylamino-, imidazole-, and guanidiniwm-contaiing sterol-based catiomic lipids.  For
example, certain embodiments are directed to a composition comprising one or more sterol-
based cationic lipids comprising an imidazole, for example, the imidazole cholesterol ester or
“ICE” hipid (35, 10R, 13R, 17R}-10, 13-dimethyl-17-{{R}-6-methyvlheptan-2-v1}-2, 3, 4, 7, &,
9, 10, 11, 12, 13, 14, 15, 16, 17-etradecahydro-1H-cvclopentalajphenanthren-3-y1 3-(1H-
mmidazol-4-ylpropanoate, as represented by structure {I) below. In certain embodiments, a
bipid nanoparticle for delivery of RNA (e.g., mBNA} encoding a functional protein may
comprise one or more imidazole-based cationic bipids, for example, the imidazole cholestercl
ester or “ICE” Iipid (35, 10R, 13R, 17R)-10, 13-dimethyl-17-((R)-6-methylheptan-2-vi)-2, 3,
4.7,8,9, 10, 11, 12, 13, 14, 15, 16, 17-tetradecahvdro-1H-cyclopentalajphenanthren-3-y1 3-

{1H-imidazol-4-vljpropancate, as represented by the followmg structure:

;/\/\F,

/

H
<N
v
N’J (ICE)
[116] In some embodiments, the percentage of cationic lipid in a hiposome may be
greater than 10%, greater than 20%, greater than 30%, greater than 40%, greater than 309,
greater than 60%, or greater than 70%. In some embodiments, cationic hipid(s) constitute(s)
about 30-50 % (e.g.. about 30-43%, about 30-40%, about 35-50%, about 35-45%, or about 35-
40%;) of the liposome by weight. In some embodiments, the cationic hpud {e.g., ICE hpd}
constitutes about 30%, about 35%, about 40 %, about 45%, or about 50% of the liposome by

molar ratio.

Non-Cationic Lipids

[111] As used herein, the phrase “noun-cationic lipid” refers to any neutral, zwitterionic
or amonic lipid, which 1s also referred to herein as a “helper hipid”.  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 physiological pH.
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(112} The mvention relates to an mBNA-LNP that comprises one or more non-
cationic helper lipids including 1.2-Dicrucovi-sn-glvcero-3-phosphoethanolamine (BEPE). In
some embodiments, DEPE 1s the only non-cationic helper lipid in the mRNA-LNP. In other

embodiments, the helper lipid portion of the mRNA-LNP comprises DEPE and cholesterol.

[113] Without wishing tc be bound by any particular theory, certain DEPE derivatives
that differ from DEPE in ther lipid chain length or composition are also comprised within the
mvention. For example, the inventors have found that alkyl or alkene chains of 10-20 carbons
in length arc particular suitable for the formation of mRNA-LNPs. In some embodiments, a
DEPE derivative with alkvl or alkene chains of 16-20 carbons in length is particularly
preferred. Alternatively, DEPE denvatives with alkyl or alkene chains of 10-14 carbons in
length, for example those with 10, 12 or 14 carbons, may be particularly suitable for the practice

of the mvention.

[114] Other non-cationic lipids or helper ipids that can be included 1 an mRNA-LNP
melude,  but  are  not  limited  to, distearovlphosphatidyvichohne  (DSPC),

dioleoyiphosphatidylcholine (DOPC), dipalmitoyiphosphatidyicholine (DPPC),
dioleoyiphosphatidyiglveerol {(DOPG), dipalmitoyviphosphatidviglveerol {(DPPG),
dicleoyliphosphatidyiethanclamine (DOPE), palmitoyloleoyiphosphatidvicholine (POPC), -
palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanclamine {PGPE}, dioleoyl-
phosphatidvicthanolamine 4-(N-malcimidorethyi)-cvelohexane-l-carboxviate (DOPE-mal),
dipalmitoy] phosphatidy! ethanolamine (DPPE), dimyristoviphosphosthanolanune (DMPE),
distearoyl-phosphatidyvl-ethanolamine (DSPE), phosphatidyisering, sphingolipids,
cerchrosides, gangliosides, 16-O-monomethyl PE, 16-O-dimethyl PE, 18-i-trans PE, I-

stearoyi-2-oleovi-phosphatidvethanolaming (SOPE), or a mixture thereof.

[115] In some embodiments, such non-cationic lipids may be used alone, but are
preferably used in combination with other lipids, for example, cationic lipids. In some
embodiments, the non-cationic hipid may comprnige a molar ratio of about 3% to about 90%, or
about 10 % to about 709 of the total lipid present in a liposome. In some embodiments, a non-
cationic hipid is a neutral bipid, 1.¢., a lipid that does not carry a net charge in the conditions
under which the composition 1s formmulated and/or administered. In some embodiments, the
percentage of non-cationic lipid in a liposome may be greater than 3%, greater than 109%,

greater than 20%, greater than 30%, or greater than 40%.

Cholesterol-based Lipids
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[116] In some embodiments, a composition {¢.g., a liposomal composition} comprises
one or more cholesterol-based lipids. For example, a suitable cholesterol-based lipid for
practicing the mvention is cholesterol. Other suitable cholesterol-based hipids include, for
example, DC-Chol (N, N-dimethyi-N-cthylcarboxamidocholesteroi), 1,4-bis(3-N-oleylamino-
propylpiperazine {Gao, et al. Biochem. Biophys. Res. Comm. 179, 280 (1991); Wolf et al.
BioTechniques 23, 139 (1997}, U5, Pat. No. 5,744 335}, or midazole cholesterol ester {(ICE).

[117] In some embodiments, a cholesterol-based lipid may be present in a molar ratio
{mol%) of about 1% to about 30%, or about 3% to about 20% of the total lipids present in a
liposome. In some embodiments, the percentage of cholesterol-based lipid 1n the hipid
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 aboot 40 mol%. In some embodiments,
the percentage of cholesterol-based hipid in the lipid nancparticle 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%.

[118] In some embodiments, a cholesterol-based lipid may be present in a weight ratio
(wt%;} of about 19 to about 30%, or about 3% to about 20% of the total lipids present in a
liposome.  In some embodiments, the percentage of cholesterol-based hmd in the hipid
nanoparticle may be greater than about 5 wi%, greater than about 106 wt%, greater than about
20 wt%, greater than about 30 wt%, or greater than about 40 wit%. In some embodiments, the
percentage of cholesterol-based lipid m the hpid nanoparticle may be no more than about 3
wi%, no more than about 10 wi%, no more than about 20 wt%, no more than about 30 wi%, or

1o more than about 40 wt%.

PEGviated Lipids

[119] In some embodiments, a suitable lipid solution includes one or more
PEGylated lipids, also referred to herein as PEG-modified ipids. A switable PEG-modified or
PEGylated lipid for practicing the mnvention 18 1,2-dimvristovl-rac-glycero-3-
methoxypolyethviene glveol-2000 (DMG-PEG2K). For example, the use of polyethylene
glyeol (PEG)-modified phospholipids and derivatized lipids such as derivatized ceranudes
{(PEG-CER), including N-Octanovi-Sphingosine-i-{Succinvi{Methoxy Polvethylene Glveol)-
20001 (L8 PEG-2000 ceramide) is also contemplated by the present invention. Condemplated
PEG-modified lipids include, but are not limited to, a polyethyvlene glycol chain of up to

2kDa, up to 3 kDa, up to 4kDa or up to 5 kDa in length covalently attached to a lipid with
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atkyl chain(s) of Ce-Cao length. In some embodiments, a PEG-modified or PEGyvlated lipid 1s
PEGyiated cholesterol or PEG-2K. In some embodiments, particularly useful exchangeable
lipids are PEG-ceranides having shorter acyl chains {e.g., Cia or Cis). The addition of such
components may prevent complex aggregation and may also provide a means for increasmg
circulation lifetime and increasing the debivery of the ipid-micleic acid composition to the
target tissues, {Klibanov et al. (1990 FEBS Letters, 268 (1) 235-237), or they may be
selected to rapidly exchange out of the fornulation in vive (sce U.S. Pat. No. 5 885,613},
Particularly useful exchangeable hipids are PEG-ceramides having shorter acvl chains (e.g.,
Ciaor Cis}). The PEG-modified phospholipid and derivitized hipids of the present invention
may comprise a molar ratio from about 0% to about 20%, about 0.5% to about 20%, about
1% to about 153%, about 4% to about 10%, or about 2% of the total hipid present in the

liposomal transfer vehiele.

[120] PEG-modified phospholipid and derivatized lipids may constitute no greater
than about 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5% or 5% of the total hipids in a
suitable lipid solution by weight or by molar. In some embodiments, PEG-modified lipids may
constitute about 5% or less of the total lipids in a suitable lipid solution by weight or by molar
concentration. in some embodiments, PEG-modified lipids may constitute about 4% or less of
the total limds in a suitable hpid sohdion by weight or by molar concentration.  In some
embodiments, PEG-modified lipids typically constitiute 3% or less of total lipids n a suitable
lipid solution by weight or by molar concentration. In some embodiments, PEG-modified
hipids typically constitute 2% or less of total bipids in a suitable ipid solution by weight or by
molar concentration. In some embodiments, PEG-modified lipids typically constitute 1% or
less of total lipids 1n a suitable hipid solution by weight or by molar concentration. In some
embodiments, PEG-modified lipids constitute about 1-3%, about 1-4%, about 1-3%. or about
1-2%, of the total lipids tn a suitable hipid solotion by weight or by molar concentration. In
some embodiments, PEG modified lipids constitite about 0.01-3% {e.g.. about 0.01-2.5%,
0.01-2%, 0.01-1.5%, 0.01-1%} of the total lipids m a suitable lipid solution by weight or by

molar concentration.

Molar Lipid Ratios

[1214] Accordmg to various embodiments, the selection of cationic lipids, non-cationic
lipids and/or PEG-modified hipids which comprise the lipid nanoparticle, as well as the relative

molar ratio of such lipids to cach other, is based upon the characteristics of the selected lipid(s),
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the nature of the mitended 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 tolerability of the sclected hipid{s). Thus the molar

ratios may be adjusted accordingly.

(122} Various combinations of Hpids, 1.¢., cationic lipids, non-cationie lipids, PEG-
modified lipids and optionally cholesterol, that can used o prepare, and that are comprised in,
preformed lipid nanoparticles are described n the literature and herein. For example, a suttable
bipid solution may contain ¢cKK-E12, BEPRE, cholesterol, and DMG-PEGZK; C12-200, BEPE,
cholesterol, and DMG-PEG2K; HGTS5000, DEPE, cholestero!, and DMG-PEG2ZK; HGTS001,
DEPE, cholesterol, and DMG-PEG2ZK ¢KK-E12, DPPC, cholestero], and DMG-PEG2E; C12-
200, DPPC, cholesterol, and DMG-PEG2K: HGT5000, DPPC, chol, and DMG-PEG2K;
HGT3001, DPPC, cholesterol, and DMG-PEGZK; or ICE, DEPE and DMG-PEG2K.
Additional combinations of lipids arc described in the art, eg.. PCT/US17/61100, filed on
November 10, 2017, published as WO 2018/089790; entitled “Novel ICE-based Lipd
Nanoparticle Formulation for Belivery of mRNA 7, PCT/USIR/21292, filed on March 7, 2018,
published as WO 2018/165257, cntitled “PolyAnionic Delivery of Nucleic Acids™
PCT/US18/36920, filed on June 11, 2018, entitied, “Poly (Phosphoesters) for Delivery of
Nucleic Acids™ U8, Provisional Application 62/676,147, filed on May 24, 2018; entitled
“Thioester Cationic Lipids”; U.5. Provisional Application 62/677,821, filed on May 30, 2018
entitled “Cationic Lipids Comprising a Steroidal Moiety™; U.S. Provisional Application
62/677,809, filed on May 30, 2018, entitled “Macrocychic Lipids™, U.S. Provisional
Application 62/677 818, filed on May 30, 2018, entitled “Vitamin K Cationic Lipids™, U, S,
Provisional Application 62/677 828, filed on May 30, 2018, entitled “Vitamin D Cationic
Lapids”; U.S. Provisional Application 62/677.851, filed on May 30, 2018, entutled “Vitamin
A Cationic Lipids”; U.S. Provisional Application 62/677,853, filed on May 30, 2018, entitled
“Vitamin E Catiomic Lipids™; the disclosares of which are included here in their full scope by
reference.

[123] In various embodiments, cationic hipids (e g, cKK-E12, Compound I,
Compound 2, or Compound 3, C12-208, ICE, and/or HGT4003) constitute about 30-60 % (e.g.,
about 30-55%, about 30-50%, about 30-45%, about 30-40%, about 35-509%, about 35-45%, or
about 35-40%) of the liposome by molar ratio. In some embodiments, the percentage of

cationic lipids (e.g., cKK-E12, Compound 1, Compound 2, or Compound 3, C12-200, ICE,
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and/or HG'T4003) 15 or greater than about 30%, about 33%, about 40 %, about 43%, about

50%, about 535%, or about 60% of the liposome by molar ratic.

[124] In some embodiments, the ratio of cationic lipid{s} 1o non-~cationic lipid(s) o
cholesterol-based lipid(s) to PEG-modified lipid{s) may be between about 30-60:25-35:20-
30:1-15, respectively. In some embodiments, the ratio of cationic lipid(s) to non-cationic
lipid{s) to cholesterol-based lipid{(s) to PEG-modified lipid(s) is approximately 40:30:20:10,
respectively.  In some embodiments, the ratio of cationic hipid(s} to non-cationic lipid{s) to
cholesterol-based limd{s) to PEG-modified hipid(s} is approximately 40:30:25:5, respectively.
In some embodiments, the ratio of cationic lipid(s} to non-cationic fipid(s) to cholestercl-based
bpd{s) to PEG-modified bpid(s) is approximately 40:32:25:3, respectively. In some
embodiments, the ratio of cationic hipid(s} to non-cationic lipid(s) to cholesterol-based hipid(s)
to PEG-modified lipid(s) is approximately 56:25:20:5. In some embodiments, the ratio of
sterol lipid(s) to non-cationic lipid(s} to PEG-modified lipid{s) 15 30:45:5 In some
embodiments, the ratio of sterol hipid(s) to non-cationic lipid(s) to PEG-modified hipid(s) is
50:40:10. In some embodiments, the ratic of sterol ipd{s) to non-cationic ipid(s) to PEG-
modified lipid(s} is 55:40:3. In some embodiments, the ratio of stero! lipid{s) to non-cationic
lipid(s) to PEG-modified lipid(s) 15 55:35:10. In some embodiments, the ratio of sterol lipid(s)
to non-cationic hipid(s) to PEG-modified lipid(s} is 60:35:5. In some embodiments, the ratio

of sterol lipid{(s) to non-cationic lipid{s} to PEG-modified lipid{s) i3 60:30:10.

(125 In some embodiments, a suitable liposome for the present mvention comprises
ICE and DEPE at an ICE:DEPE molar ratio of >1:1. In some embodimenis, the ICEDEPE
molar ratio 1s <2.5:1. In some embodiments, the ICE:DEPE molar ratio 1s between 1:1 and
2.5:1. In some embodiments, the ICE:DEPE molar ratio s approximately 1.5:1. In some
embodiments, the ICE.DEPE molar ratic is approximately 1.7:1. In some embodiments, the
ICE:DEPE molar ratio is approximately 2:1. In some embodiments, a suitable liposome for
the prescut invention comprises ICE and DMG-PEG-2K at an ICE DMG-PEG-2K molar ratio
of >10:1. In some embodiments, the ICE DMG-PEG-2K molar ratio 1s <16:1. In some
embodiments, the ICEDMG-PEG-2K molar ratio is approximately 12:1.  In some
embodiments, the ICE:BMG-PEG-2K molar ratio is approximately 14:1.  In some
cmbodiments, a suttable liposome for the present mvention comprses DEPE and DMG-PEG-
2K at a DEPE: DMG-PEG-2K molar ratio of »5:1. In some embodiments, the DEPE: DMG-
PEG-2K molar ratic is <11:1. In some embodiments, the DEPE: DMG-PEG-2K molar ratic s
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approximately 7:1.  In some embodiments, the DEPE: DMG-PEG-ZK molar ratio is

approximately 10:1.

[126] In some embodiments, a suitable hiposome for the present invention comprises
ICE, DEPE and DMG-PEG-2K at an ICE:DEPE:DMG-PEG-2K molar ratio of 50:45:5. In
some embodiments, a suitable liposome for the present invention comprises ICE, DEPE and
DMG-PEG-2ZK at an ICE:DEPE.DMG-PEG-2K molar rmatio of 50:46:10.  In some
embodiments, a suitable liposome for the present invention comprises ICE, DEPE and DMG-
PEG-2K at an ICE.DEPE . DMG-PEG-2K molar ratio of 55:40:5. In some embodiments, a
suitable liposome for the present invention comprises 1CE, DEPE and DMG-PEG-2K at an
ICE:DEPEDMG-PEG-2K molar ratio of 535:35:10. In some embodiments, a suitable liposome
for the present invention comprises ICE, DEPE and DMG-PEG-2K at an ICE:DEPE.DMG-
PEG-2K molar ratio of 60:35:5. In some embodiments, a suitable liposome for the present
mvention comprises {CE, DEPE and DMG-PEG-2K at an ICEDEPE DMG-PEG-ZK molar

ratio of 60:30:10.

Polymers
(127} In some embodiments, a suitable delivery vehicle 1s formulated osing a polymer
as a carrier, alone or in combination with other carriers including various lipids described
herein.  Thus, in some embodiments, liposomal delivery vehicles, as used herein, also
encompass nanoparticles comprising polyvmers. Suaitable polymers may include, for example,
polvacrvlates, polyalkyevancacrvlates, polylactide, polvlactide-polyvglycobide copolymers,
polycaprolactones, dextran, albumin, gelatin, alginate, collagen, chitosan, cvclodextrins,
protanuine, PEGviated protamine, PLL, PEGvlated PLL and polvethylenimine (PED. When
PEIL 15 present, it may be branched PEI of a molecular weight ranging from 10 t0 40kba, ¢.g

25 kDa branched PEI (Sigma #408727).

Messenger RNA (mRNA)

[128] The present invention may be used to encapsulate any mRNA., mRNA is
typically thought of as the type of RNA that carries information from DNA to the ribosome.
Typically, in cukaryotic organisms, mRNA processing comprises the addition of a “cap” on
the 57 end, and a “tail” on the 3° end. A typical cap is a 7-methvlguanocsine cap, which is a

guanosing that is linked through a 57-3"-triphosphate bond to the first transcribed nucleotide.
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The presence of the cap is important in providing resistance to nucleases found in most
eukaryotic cells. The additional of a tail is typically a polvadenvlation event wherehy a
polyadenvivl moicty is added to the 37 end of the mRNA molecule. The presence of this “tail”
serves to protect the mRNA from exonuclease degradation. Messenger RNA 1s translated by

the ribosomes into a series of amino acids that make up a protein.

[129] mRNAs may be syothesized according to anv of a vanety of known methods.
For example, mRNAs according to the present mvention may be svnthesized via in vitro
transcription {(IVT). Briefly, IVT 1s typically performed with a linear or circular DNA template
containing a promoter, a pool of ribonuclectide truphosphates, a buffer system that may include
DTT and magnesium ions, and an appropriate RNA polymerase {e.g., T3, T7 or $P6 RNA
polymerase}, DNase I, pyrophosphatase, and/or RNAse mhibitor. The exact conditions will

vary according to the specific application.

[130] In some embodiments, in vifro synthesized mRNA may be purified before
formulation and encapsulation to remove undesirable impaorities incloding various enzymes

and other reagents used during mRNA synthesis.

[131] The present invention may be used to formulate and encapsulate mRNAs of a
variety of lengths. In some embodiments, the present invention may be used to formulate and
encapsulate i vitro synthesized mRNA of or greater than about 1 kb, 1.5 kb, 2 kb, 2.5 kb, 3
kb, 3.5kb, 4 kb, 45kb, 5kb 6 kb, 7 kb, 8kb, 9kb, 10 kb, 11 kb, 12 kb, 13 kb, 14 kb, 15 kb,
or 20 kb in length. In some embodiments, the present invention may be used to formulate and
encapsulate i vifrro synthesized mRNA ranging from about 1-20 kb, about 1-15 kb, about 1-
10 kb, about 5-20 kb, about 5-15 kb, about 5-12 kb, about 5-10 kb, about 8-20 kb, or about 8-
15 kb inn length.

[132] The present invention may be used to formulate and encapsulate mRNA that s
unmodified or mRNA containing one or more modifications that tvpically enhance stability.
In some embodiments, modifications are selected from modified nucleotides, modified sugar
phosphate backbones, and 57 and/or 37 untranslated region.

[133] In some embodiments, modifications of mRNA may mchude modifications of
the nucleotides of the RNA. A modified mRNA according to the invention can include, for
example, backbone modifications, sugar modifications or basc modifications. In some

embodiments, mRNAs may be synthesized from naturally occurnng nucleotides and/or
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nucleotide analogues (modified nucleotides) including, but not limited to, purines {adenine (A},
guanine {G)} or pyrimadines (thymine {1}, cytosing (), uracil (U}), and as modified
nucleotides analogues or derivatives of purines and pyrimudines, such as ¢.g. 1-methyl-adenine,
Z-methyl-adenine,  Z-methvithio-N-6-1sopentenvi-adenine,  N6é-methyl-adenine,  N6-
tsopentenyl-adenine, 2-thic-cviosine, 3-methvl-cvtosine, 4-acetyl-cytosine, S-methyl-cytosine,
2,6-diaminopurine, 1-methyl-guanine, 2-methyvi-guanine, 2.2-dimethvl-guanine, 7-methyl-
guaning, nosine, l-methyl-inosine, pseudouracil (5~uracil), dihydrouracil, 2-thio-uracil, 4-
thio-uracil, 3-carboxyvmethylammomethyl-2-thio-uracil, 3-{carboxyvhvdroxymethyl)-uracil, 3-
fluoro-uracil, S-bromo-uracil, S-carboxymethylaminomethyl-uracil, 5-methyl-2-thio-uracil, 5-
methvl-uracl, N-uracil-5-oxvacetic acid methyl ester, S-methvlaminomethyl-uracil, 3-
methoxyaminomethyl-2-thio-uracil,  5-methoxvearbonvimethyl-uracil, S-methoxy-uracil,
wracil-S-oxvyacetic acid methyl ester, wraci-5-oxvacetic acid (v}, l-methvl-pseudouracil,
queosine, Jbeta -D-mannosyl-gueosine, wybitoxosine, and phosphoramidates,
phosphorothioates, peptide nucleotides, methyiphosphonates, 7-deazaguanosine, 5-
methvleviosine, pseudoundine, S-methyicvtidine and mosine.  The preparation of such
analogues 1s known to a person skilled in the art ¢.g. from the US. Pat. No. 4,373,071, U S,
Pat. No. 4,401,796, US. 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, US. 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 disclosure of

which s included here m 1ts full scope by reference.

[134] Typically, mRNA svnthesis includes the addition of a “cap” on the 37 end, and
a“tail” on the 3 end. The presence of the cap is important in providing resistance to nucleases
found 10 most eukaryotic cells. The presence of a “tail” serves to protect the mRNA from

exonuclease degradation.

[135] Thus, in some embodiments, mRNAs include a 57 cap structure. A 5" cap is
typically added as tollows: first, an RNA terminal phosphatase removes one of the torminal
phosphate groups from the 5  nucleotide, leaving two termunal phosphates; guanosine
triphosphate (GTP) is then added to the terminal phosphates via a guanylvl transferase,
producing a 5°5°5 triphosphate linkage; and the 7-nitrogen of guanine 1s then methylated by a
methyitransferase.  2°-O-methylation may also occur at the first base and/or second base

following the 7-methyl guanosine triphosphate residucs. Examples of cap structures include,
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but are not hmited to, m7GpppNp-RNA, m7GpppNmp-RNA and m7GpppNmpNmp-RNA

{where m indicates 2 -Omethy!l residucs).

136] In some embodiments, mBNAs mclude a 5” and/or 3° untranslated region. In
some embodiments, a 57 untranslated region includes one or more elements that affect an
mRNA's stability or trasslation, for example, an iron respousive element. In some

embodiments, a 5 untranslated region may be hetween about 50 and 500 nucleotides in length.

[137] In some embodiments, a 37 untransiated region mcludes one or more of a
polvadenvlation signal, a binding site for protemns that affect an mRNA’s stability of location
m a cell, or one or more bindmg sites for miRNAs. In some embodiments, a 37 untranslated

region may be between 30 and 500 nucleotides in length or longer.

[13¥] While mRNA provided from in vifro transcription reactions may be desirable m
some embodiments, other sources of mRNA are contemplated as within the scope of the

mvention including mRNA produced from bacteria, fungi, plants, and/or animals.

[139] The present invention mayv be used to formulate and encapsulate mRNAg
encoding a variety of proteins. Non-limiting examples of mRNAs suitable for the present
mvention include mRNAs encoding spinal motor neuron 1 (S8MN), alpha-galactosidase (GLA),
argininosuccinate synthetase (ASS1), omithine transcarbamvlase (OTC), Factor IX (FIX),
phenvialanine hvdroxylase (PAH), ervthropoietin {(EPQ), cystic fibrosis transmembrane
conductance receptor {CFTR) and firefly luciferase (FFL). Exemplary mRNA sequences as

disclosed herein are listed below:

Formation of Lipid Nanoparticles (£ NPs}

[140] Also provided 1s a method for preparing a lipid nanoparticle encapsulating a
mBNA said method comprising (&) providing a mixture of one or more cationic hipids, one or
more PEG-modified lipids and one or more helper lipids, wherein the one or more helper lipids
corapnses 1.2-Dicrucovi-sn~-glveero-3-phosphocthanolamine (DEPE), and (b) forming a hipud
nanoparticle form the mixture provided m step {a), wherein the method further comprises
encapsulating the mRNA into the lipid nanoparticle, wherein encapsulation can take place
before or aticr formation of the lipid nanoparticle in step (b). The resulting ipid nanoparticle
encapsulating the mRNA 1s stable (¢.g., maintains the same ¢ncapsulation of mRNA before

and after ficeze-thaw, or maintains within 10% of the same encapsulation of mRNA before and
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after freeze thaw). In one embodiment, the method for preparing a lipid nanoparticle m
accordance with the nvention specifically excludes the use of one or more helper lipids
sclected from dioleoylphosphatidvicthanolarnine  (DOPE), 1,2-Dilinoleovi-sn-glveero-3-
phosphocthanolanune  (DLOPE), 1-palmitoyl-2-oleovi-sn-glveero-3-phosphocthanolamine

(POPE), and combinations thereof,

[141] Yarious encapsulation processes are described in published U.S. Application
No. US 2011/0244026, published 1.5, Application No. US 2016/0038432 , published U.S.
Application No. US 2018/0153822, published U.S. Application No. US 2018/0125989 and
U.S. Provisional Application No. 62/877.597, filed July 23, 2019 and can be used to practice
the present invention, all of which are incorporated herein by reference. As used herein,
Process A refers to a conventional method of encapsulating mBNA by mixing mRNA witha
mixture of lipids, without first pre-forming the lipids into lipid nanoparticles, as described in
US 2016/0038432. As used herein, Process B or “Remix” refers to a process of
encapsulating messenger RNA (mRNA) by mixing pre-formed hipid nanoparticles with
mBNA, as described m US 2018/0153822. “Step Down Remix™ or “Step Up Remux” are
improved processes that builds on the “Remix” process, as described in U.S. Provisional
Application 63/021,319. “Step Down Remix” 1nvolves mixing a suspension of preformed
empty lipid nanoparticles, with batches of a solution of mRNA that are added sequentially.
Each addition of mRNA solution batch resalts in an intermediate mixiure with a different
molar ratio of cationic lipid to mBRNA ("N/P”), starting with a high N/P ratio, and decrease to
a lower N/P ratio m the final formulation. In “Step Up Renux”, a suspension of preformed
empty lipid nanoparticles ts added in baiches to an mRNA solution, starting with an
equimolar ratio of cationic lipid to mRNA. For example. four batches of preformed empty

lipid nanoparticles are added untid a ratio of 4 (cationic lipid) to 1 (mRNA) 15 reached.

[142] In one embodiment, the DEPE is present in the mixture at a concentration of
between 10 molar percent and 50 molar percent. More typically, the DEPE in the mixture is
present at a concentration of between 235 molar present and 35 molar percent of the total lipids
i the mixture. In one embodiment, the one or more PEG-modified lipids m the mixture
comprises a poly{ethyleng) glycol cham of ap o 5 kDa in length covalently attached to a lipid
with alky! chain(s) of Ce-Cae length. In one embodiment, the mixture one or more cationic
lipids, one or more PEG-modified lipids and one or more helper hipids further comprises one

or more sterols, such as a cholesterol-based lipid. In one embodiment, a cholesterol-based lipid
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is cholesterol and/or PEGylated cholesterol. In some embodiments, the ratio of cationic lipid(s)
to helper lipid{s) to cholesterol-based Hpid(s) to PEG-modified lipid{s) may be between about

30-60:25-35:20-30:1~15, respectively.

[143] In some embodiments, the empty preformed lipid nanoparticles are formed by
mixing lipids dissolved in ethanol with an aqueous solution {(Lipid Solution). In some
embodiments, the hipids contain one or more cationic lipids, one or more non-cationic lipids,
and one or more PEG hipids. In some embodiments, the lipids also contain one or more
cholesterol lipids. In some embodiments, the lipids are present in ethanolic stock sohution. The
preformed lipid nanoparticles arc formed by the mixing of those lipids. Typically, in some
embodiments, a lipid solution contaming dissolved hipids, and an agueous or buffer solution
are mixed into a solution such that the lipids can form nanoparticles without mRNA (1.¢, empty

preformed lipid nanoparticles).
Lipid Solution

{144} According to the present invention, a lipid solution contains a mixture of lipids
suitable to form lipid navoparticles for encapsulation of mRNA. 1o some cmbodiments, a
suitable hipid solution is ethanol based. For example, a suitable lipid solution may contain a
mixture of desired lipids dissolved in pure cthanol (.o, 100% cthancl). In ancther
embodiment, a suitable lipid solution is isopropyl alcobol based. In another embodiment, a
suitable hpid solution is dimethyisulfoxide-based. In another embodiment, a suitable lipid
solution is a mixture of switable solvents including, but not himited to, cthanol, isopropyl

afcohol and dimethylsulfoxide.

[145] A suitable lipid solution may contain a mixture of desired lipids at various
concentrations. For example, a suitable lipid solution may contain a muxture of desired lipids
at a total concentration of about 0.01 mg/md, 6.02 mg/ml, 0.03 mg/mi, 0.04mg/mi, 0.05 mg/ml,
0.06 mg/ml, 0.07 mg/ml, 0.08 mg/mi, 0.09 mg/mi, 0.1 mghml, 0.3 mg/ml, 1.0 mg/mi, 2.0
mg/ml, 3.0 mg/ml, 4.0 mg/ml, 5.0 mg/ml, 6.0 mg/mi, 7.0 mg/ml, 8.0 mg/ml, 9.0 mg/ml, 10
mg/ml, 15 mg/mi, 20 mg/ml, 30 mg/mi, 40 mg/mi, 30 mg/ml, or 100 mg/md. In some
cembodiments, a suitable lipid solution may contain a mixture of desired lipids at a total
concentration ranging from about 0.1-100 mg/ml, 0.5-90 mg/ml, 1.0-80 mg/ml, 1.0-70 mg/ml,
1.0-60 mg/md, 1.0-50 mg/ml, 1.0-40 mg/ml, 1.0-30 mg/mi, 1.6-20 mg/ml, 1.0-15 mg/ml, 1.0-
10 mg/mi, 1.0-9 mg/ml, 1.0-8 mg/ml, 1.0-7 mg/od, 1.0-6 mg/ml, or 1.0-3 mg/ml. In some

embodiments, a suitable lipid solution may contain a muxture of desired hipids at a total
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concentration up to about 100 mg/ml, 90 mg/ml, 80 mg/ml, 70 mg/ml, 60 mg/ml, 30 mg/ml,

40 mg/mi, 30 mg/ml, 20 mg/ml, or 10 mg/ml.

[146] Any desired hipids may be mixed at any ratios suitable for encapsulating
mRNAs. In some embodiments, a suitable lipid sohution contains a mixture of desired lipids
mcluding cationic lipids, helper lipids {e.g non cationic lipids and/or cholesterol bipids) and/or
PEGvylated hipids. In some embodiments, a suttable lipid solution contains a mixture of desired
lipids including one or more cationic lipids, one or more helper lipids {e.2. non cationic lipads
and/or cholesterol lipids) and one or more PEGylated lipids. In some embodiments, a suitable
lipid solution contains a mixiure of desired lipids including one or more neutral lipids, one or

more helper lipids and one or more PEGyviated lipids.

[147] In some embodiments, an empty (Lo, absence of mRNA) preformed Epid
nanoparticle formulation used in making navoparticle formulation of the mvention can be
stably frozen n about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about
35%, about 40%, about 43%, or about 50% trehalose solution. In some embodiments, addition
of mRNA to cmpty lipid nanoparticles can result in a final formulation that does not require

any downstream purification or processing and can be stably stored in frozen form.

Formation of mRNA-LNPs

[148] As used hercin, a process for formation of mRNA-loaded lipid nanoparticies
{mRNA-LNPs) 1s used interchangeably with the term “mRNA encapsulation” or grammatical
variants thereof. In some embodiments, mRNA-LNPs are formed by mixing an mRNA
solution with a lipid solution, wherein the mRNA solation and/or the lipid solution are heated
to a pre-determined temperature greater than ambient temperature prior to mixing {see U.S.
Patent Application Serial No. 14/790,362 entitled “Encapsulation of messenger RNA”, filed
July 2, 2015 and its provisional U.S. patent application Serial No. 62/020,163, filed July 2,

2014, the disclosure of which are hercby incorporated in their entirety).

[146] Typically, any desired hipids may be mixed at any ratios suitable for formation
of the mRNA-LNPs. In some embodiments, a suitable lipid solotion contains a mixtare of
desired lipids including cationic lipids, helper lipids {¢.g. non cationic lipids and/or cholesterol
bipids) and/or PEGylated lipids. In some embodiments, a suitable lipid solution contains a
mixture of desired lipids including one or more cationic lipids, one or more helper lipids (e.g.

non cationic lipids and/or cholesterol lipids) and one or more PEGviated lipids. In some
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embodiments, a suitable lipid solution contamns a mixture of desired lipids mcluding one or

more neutral fipids, one or more helper lipids and one or more PEGylated lipids.

[150] In some embodiments, an mRNA solution and a preformed lipid nanoparticle
solution are mixed mto a solution such that the mRNA becomes encapsulated in the hipid
nanopaiticle. Such a sohution is also referred to as a formulation or encapsulation solution. A
process for encapsulating mRNA by mixing preformed lipid nanoparticles with mRNA has
been previously described in an carhier invention filed as PCT/US17/61113 on 11-10-2017,
which published as WO2018/089801; and concwrrently filed U. 8. Patent Application Serial
No. 15/809,68, both arc entitled “Improved Process of Preparing mRNA-Loaded Lipid

Nanoparticles”. The entire content of the application is herebv incorporated by reference.

(15} A suitable formulation or encapsulation solution includes a solvent such as
cthanol. For example, a suitable formulation or encapsulation solution includes about 10%
gthanol, about 15% cthanol, about 20% ethanol, about 25% cthanol, about 30% cthanol, about
35% ethanol, or about 40% cthanol. In some embodiments, a switable formulation or
encapsulation solution includes a solvent such as isopropyl alcchol. For example, a suitable
formulation or encapsulation solution includes about 10% isopropyi alcohol, about 15%
tsopropyl alcohol, about 20% isopropyl alechol, about 25% isopropyl alechol, about 30%

isopropyl alcohol, about 35% isopropy! alcchol, or about 40% isopropy! alechol.

[152] In some embodiments, a suitable formulation or encapsulation solution inchudes
a solvent such as dimethyl sulfoxide. For example, a suitable formulation or gncapsulation
solution includes about 10% dimethy! sulfoxide, about 13% dimethy! sulfoxide, about 20%
dimethyl sulfoxide, about 25% dimethyl sultoxide, about 30% dimethy! sulfoxide, about 35%

dimethyl sulfoxide, or about 40% dimethyl sulfoside.

[153] In some cmbodiments, a suitable formulation or encapsulation solution may
also contain a buffering agent or salt. Exemplary buffenng agent may include HEPES,
ammonium sulfate, sodium bicarbonate, sodium citrate, sodium acetate, potassiom phosphate
and sodiom phosphate. Exemplary salt may include sodium chlonde, magnesiom chloride, and
potassium chloride. In some embodiments, an eopty preformed lipid nanoparticle formmlation
used in making this novel nanoparticle formulation can be stably frozen m 10% trehalose

solution.
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[154] In some embodiments, ethanol, citrate buffer, and other destabilizing agents are
absent during the addition of mRNA and hence the formulation does not require any further
dowunstream processing. In some embodiments, the lipid nanoparticle formulation prepared by
this novel process comprises preformed lipid nanoparticles in trehalose solution. The lack of
destabilizing agents and the stability of trehelose solution merease the ease of scaling up the

formulation and produoction of mRNA-encapsulated lipid nanoparticles.
mRNA Solution

[155] mRMNA may be provided in a solution to be mixed with a lipid solution such that
the mRNA may be encapsulated in hipid nanoparticles. A suitable mENA solution may be any
aqueouns solution containing mRNA to be encapsulated at various concentrations below 1
mg/ml. For example, a suitable mRNA solution may contain an mRNA at a concentration of
o1 less than about 6.01 mg/ml, 0.02 mg/ml, 0.03 mg/ml, 6.04 mg/md, 0.05 mg/ml, 0.06 mg/ml,
0.07 mg/ml, 0.08 mg/ml, 0.09 mg/ml, 0.1 mg/ml, 0.15 mghml, 0.2 mg/ml, 0.3 mg/mi, 0.4

mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml or 1.0 mg/ml.

[156] Typically, a suitable mRNA solution may also contain a buffering agent and/or
salt. Generally, buffering agents can include HEPES, ammonium sulfate, sodium bicarbonate,
sodium citrate, sodium acetate, potassium phosphate and sodiom phosphate.  In some
embodiments, suitable concentration of the buffering agent may range from about 0.1 mM to
100 mM, 05 mMto 90 mM, 1.0 mM to 80 mM, 2 mM to 70 mM, 3 mM to 608 mM, 4 mM to
5¢ mM, S mMto 40 mM, 6 mMto 30 mM, 7T mMto 20 mM, 8 mM to 15 mM, or 9 to 12 mM.
In some embodiments, suitable concentration of the buffering ageunt is or greater than about 0.1
mM, 0.5 mM, | mM, 2 M, 4 mM, 6 mM, & mM, 10 mM, 5 mM, 20 mM, 25 mM, 30 mM,
35 mbd, 40 mM, 45 mM, or 30 mM.

[157] Exemplary salts can include sodium chlonde, magnesium chloride, and
potassium chioride. In some embodiments, suitable concentration of salts in an mRNA solution
may range from about 1 mM to 500 mM, 5 mM to 400 mM, 10 mM to 350 mM, 15 mMto 300
mM, 20 mM to 230 mM, 30 mM to 200 mM, 40 mM to 190 mM, 50 mM to 180 miM, 30 mM
to 170 mM, 50 mM to 160 mM, 30 mM to 150 mM, or 50 mM to 100 mM. Salt concentration
m a suitable mRNA solution is or greater than about | mM, 5 mM, 10 mM, 20 mM, 30 mM,

40 md, 50 mM, 60 mM, 70 mM, 80 mM, 90 mM, or 100 mM.
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[158] In some embodiments, a suitable mRNA solution may have a pH ranging from
about 3.5-6.5,35-6.0,35-35,35-50,35-45,40-55,40-50,40-49,40-48,40-47,40-
4.6, or 40-4.5. In some cmbodiments, a suitable mRNA solution may have a pH of or no
greater than about 3.5, 4.0, 4.1, 42,43,44,45,46,47,48,49,50,52,54,56,58,60,
6.1,63, and 6.5

[159] Various methods may be used to prepare an mRNA solution suitable for the
present invention. In some embodiments, mRNA may be directlv dissolved in a butfer solution
described herein. In some embodiments, an mRNA sohution may be generated by mixing an
mRNA stock solution with a bufter solution prior to mixing with a lipid solution for
encapsulation. In some embodiments, an mRNA solation may be generated by mixing an
mRNA stock solution with a buffer sglution immediately before mixing with a hpid solution
for encapsulation. In some embodiments, a suitable mRNA stock solution may contain mRNA
m water at a concentration at or greater than about 0.2 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/mi,
0.8 mg/ml, 1.0 mg/ml, 1.2 mg/ml, 1.4 mg/mi, 1.5 mg/ml, or 1.6 mg/ml, 2.0 mg/mi, 2.5 mg/mi,
3.0 mg/ml, 3.5 mg/ml, 4.0 mg/ml, 4.3 mg/ml, or 5.0 mg/ml.

[160] In some embodiments, an mRNA stock solution 1s mixed with a buffer solution
using a pump. Exemplary pumps mclude but are not limited to gear pumps, peristaltic pumps

and centrifugal pumps.

[161] Typically, the buffer solution is mixed at a rate greater than that of the mRNA
stock solution. For example, the buffer solution may be mixed at a rate at least Tx, 2x, 3x, 4x,

5x, 6%, Tx, 8x, 9x, 10x, 15x%, or 20x greater than the rate of the mRNA stock solution. In some
crbodiments, a process according to the present invention includes a step of first gencrating
an mRNA solation by mixing a citrate buffer with an mRNA stock solution. In certain
embodiments, a suitable citrate buffer contains about 10 mM citrate, about 150 mM Na(l, pH
of about 4.5, In some embodiments, a suttable mRNA stock solution contams the mRNA ata
concentration at or greater than about 1 mg/ml, about 10 mg/ml, about 50 mg/ml, or about 100

mg/ml.

(162} In some embodiments, the citrate buffer is mixed at a tlow rate ranging between
about 100-300 ml/vunute, 300-600 mi/minute, 600-1200 mi/minute, 1200-2400 ml/munute,
2400-3600 ml/minute, 3600-4800 ml/minute, or 4800-6000 mi/minute. In some embodiments,

the citrate buffer 1s mixed at a flow rate of about 220 mb/nunute, about 600 ml/ounute, about
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1200 mi/nunute, about 2400 mb/minute, about 3600 mi/minute, about 4300 ml/munute, or about

6000 ml/minute.

163} In some embodiments, the mRNA stock solution 1s mixed at a flow rate ranging
between about 10-30 mi/minute, about 30-60 mi/minute, about 60-120 ml/mimite, about 120~
240 ml/ounute, about 240-360 ml/minute, about 360-480 ml/minute, or about 430-500
ml/minute. In some embodiments, the mRNA stock solution is mixed at a flow rate of about
20 mli/munute, about 40 mb/minute, about 60 mi/munute, about 80 ml/munute, about 100
mlb/minute, about 200 ml/munote, about 300 mi/minute, about 400 ml/minute, about 500

ml/minute, or about 600 mi/minute.

[164] In some embodiments, a buffer solution is mixed at a flow rate ranging between
about 100-6000 ml/minute {e.g., abowt 100-300 ml/minute, 300-600 ml/mimie, 600-1200
ml/minute, 1200-2400 ml/minute, 2400-3600 mi/munute, 3600-4800 m/minute, 4800-6000
mlb/minute, or 60-420 ml/nunute). In some embodiments, a buffer solution 1s mixed at a flow
rate of or greater than about 60 ml/minute, 100 ml/minute, 140 mb/mimute, 180 m/minute, 220
mlb/minute, 260 ml/munute, 300 ml/minute, 340 mi/minute, 380 ml/minute, 420 ml/minute, 480
mi/minute, 540 mi/minute, 600 ml/minute, 1200 ml/minute, 2400 ml/munute, 3600 ml/mmute,

4800 ml/minute, or 6000 mi/minute.

[165] In some embodiments, an mRNA stock solution is mixed at a flow rate ranging
between about 10-600 ml/munute {¢.g., about 5-50 mi/minute, about 10-30 mi/munute, about
30-60 mlb/minute, about 60-120 mi/minute, about 120-240 ml/minute, about 240-360
ml/minute, about 360-480 ml/minute, or about 480-600 mi/minute}. In some embodiments, an
mRNA stock solution is mixed at a flow rate of or greater than about 5 mil/munute, 10
ml/manute, 15 mi/mimute, 20 mb/minute, 25 ml/munute, 30 ml/minute, 35 mi/minute, 40
ml/minute, 45 mli/minute, 50 mi/minute, 60 mi/minute, 80 ml/minute, 100 mi/minute, 200

ml/minute, 300 mi/minute, 400 mi/munute, 5300 ml/minute, or 500 mi/minute.

[166] In some embodiments, the preformed hipid nanoparticles and mRNA are mixed
psing a pump system. In some embodiments, the pump sysiem comprises a pulse-less flow
pump. In some embodiments, the punmp system is a gear pump. {n some embodiments, a
suttable pump is a peristaltic pump. In some embodiments, a suitable pump 1s a centrifugal
pump. In some embodiments, the process using a pump system is performed at large scale.
For cxample, in some embodiments, the process mcludes using pumps as described herein to

mix a solution of at least about 1 mg, 5 mg, 10 mg, 50 mg, 100 mg, 500 mg, or 1000 mg of
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mRNA with a solution of pre-formed lipid nanoparticles, to produce mRNA encapsulated n
lipid nanoparticles. In some embodiments, the process of mixing mRNA with preformed fipid
nanoparticles provides a composition according to the present invention that contains at least

about ! mg, 3mg, 10 mg, 530 mg, 100 mg, 500 mg, or 1000 mg of encapsulated mRNA.

[167] In some embodiments, the solution comprising preformed lipid nanoparticles s
mixed at a flow rate ranging from abowt 25-75 mi/munute, about 75-200 ml/muute, about 200-
350 mi/ounute, about 3530-500 ml/minute, about S00-650 ml/minute, about 650-850 mi/mumute,
or about §50-1000 mli/minute. In some embodiments, the sclution comprising preformed hpid
nanoparticles is mixed at a flow rate of about 50 ml/minute, about 100 mi/minute, about 150
mi/munute, about 200 ml/minute, about 250 mli/minute, about 300 ml/minute, about 350
ml/manute, about 400 ml/minute, about 450 ml/minute, about 500 ml/minute, about 550

750

)

ml/minute, about 600 ml/minute, about 650 mU/minute, about 700 ml/minute, about
ml/minute, about 800 ml/minute, about 850 ml/minute, about 900 ml/minute, about 950

mi/minute, or about 1000 ml/munute.

[168] In some embodiments, the mRNA 1s mixed in a solution at a flow rate ranging
from about 25-75 mb/minute, about 75-200 ml/minute, about 200-350 ml/minute, about 350-
500 mb/mmute, about 300-650 mi/minute, about 650-830 ml/munute, or about 8350-1000
ml/minute. In some embodiments, the mRNA s mixed in a solution at a flow rate of about 50
mb/minute, about 100 ml/minute, about 150 ml/minute, about 200 ml/minute, about 250
mlb/minute, about 300 ml/munute, about 330 mb/minute, about 400 mi/munute, about 450
mlb/mimute, about 300 ml/munote, about 550 mi/minute, about 600 ml/minute, about 6350
ml/minute, about 700 ml/munute, about 750 ml/mmute, about 800 ml/minute, about 850

mi/minute, about 900 ml/minute, about 930 ml/munute, or about 1000 m/minute.

[169] In some embodiments, a step of combining hipid nanoparticles encapsulating
mRENA with preformed lipid particles is performed using a pump system. Such combining may
be performed using a pump. In some embodiments, the mRNA-encapsulated bipid
nanoparticles are mixed with preformed lipid nanoparticles are mixed at a flow rate ranging
from about 25-75 ml/minute, about 75-200 ml/minute, about 200-350 ml/minute, about 350-
300 ml/mmute, about 500-650 md/minute, about 630-830 ml/minute, or about 830-1000
mi/minute. In some embodiments, the mRNA 1s nuxed in a solution at a flow rate of about 50
ml/manute, about 100 ml/minute, about 150 ml/minute, about 200 ml/minute, about 250

ml/minute, about 300 ml/minute, about 350 ml/minute, about 400 ml/minute, about 450
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mlb/minute, about 300 ml/munute, about 3530 mb/minute, about 600 mi/munute, about 6350
ml/minute, about 700 ml/minute, about 750 mli/minute, about 800 ml/minute, about 850

ml/minute, about 900 ml/minute, about 950 ml/minute, or about 1000 ml/minute.

[1706] In some embodiments, the mixing of lipid nanoparticles and mRNA is

[

performed in absence of any pump.

[171] In some embodiments, the process according to the present invention inchudes
a step of heating one or more of the solutions {ic., applving heat from a heat source to the
solution} to a temperature {or 1o maintain at a tomperaturc} greater than ambient temperature,
the one more solutions being the solution compnsing the preformed lipid nanoparticles, the
solution comprising the mRNA and the mixed solution comprising the lipid nanoparticle
encapsulated mBRNA. In some embodiments, the process includes the step of heating one or
both of the mRNA solution and the preformed lipid nanoparticle solution, prior to the mixing
step. In some embodiments, the process includes heating one or more one or more of the
solutions comprising the preformed lipid nanoparticles, the solution comprising the mRNA and
the solution comprnising the lipid nanoparticle encapsulated mRNA, during the mixing step. In
some embodiments, the process includes the step of heating the hipid nanoparticle encapsulated
mRNA, afier the mixing step. In some embodiments, the temperature to which one or more of
the solutions is heated {(or at which one or more of the solutions 1s maintained) is or is greater
than about 30 °C, 37 °C, 40 °C, 45 °C, 50 °C, 55 °C, 60 °C, 65 °C, or 70 °C. In some
embodiments, the temperature to which one or more of the solutions is heated ranges from
about 25-70 °C, about 30-70 °C, about 35-70 °C, about 40-70 °C, about 45-70 °C, about 50-70
°C, or about 60-70 °C. In some embodiments, the temperature greater than ambiont

temperature 1o which one or more of the solutions is heated is about 65 °C.

(172} In some embodiments, the process according to the present invention includes
maintaining at ambient temperature (i.¢., not applving heat from a heat source to the solution)
one or more of the solutions comprising the preformed hipid nanoparticies, the solution
comprising the mRNA and the mixed sohution compnsing the ipid nanoparticle encapsuelated
mRNA.  In some embodiments, the process includes the step of mamtaning at ambient
temperature one or both of the mRNA solution and the preformed lipid nanoparticle solution,
prior to the mixing step. In some embodiments, the process meludes maintaining at ambient
temperature one or more one or more of the solutions comprising the preformed hipid

nanoparticles, the solution comprising the mRNA and the solution comprising the hipid
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nanoparticle encapsulated mRNA, during the mixing step. In some embodiments, the process
mchides the step of maintaining the lipid nanoparticle encapsulated mRNA at ambient
temperature after the mixing step. In some embodiments, the ambicnt temperature at which
one or more of the solutions 1s maintained 1s or 18 less than about 35°C, 30 °C, 25 °C, 20 °C,
or 16 °C. In some embodiments, the ambient temperature at which one or more of the sohutions
s mamtained ranges from about 15-35 °C, about 15-30°C, about 15-25 °C, about 15-20 °C,
about 20-35 °C, about 25-35 °C, about 30-35 °C, about 20-30 °C, about 25-30 °C or about 20-
25 °C. In some embodiments, the ambient temperature at which one or more of the solutions

is maintained is 20-25 °C.

[173] In some embodiments, the process according to the present invention includes
performing at ambient temperature the step of mixing the solution comprising preformed lipid
nanoparticles and the solution comprising mRNA to form lipid nanoparticles encapsulating

mENA.

[174] In some embodiments, greater than about 50%, 55%, 60%, 65%, 70%, 75%,
80%, 859, 90%, 95%, 96%, 97%, 98%, or 99% of the purified nancparticles have a size less
than about 150 nm {¢.g., less than about 145 nm, about 140 nm, about 135 nm, about 130 nm,
about 125 nm, abowut 120 ., about 115 nm, about 110 am, about 105 nm, about 100 nm, about
95 nm, about 90 nm, about %5 nm., about 40 nm, about 75 nm, about 70 nm, about 65 am, about
60 nm, about 55 nim, or about 50 nm}. In some embodiments, substantially all of the purnitied
nanoparticles have a size less than 150 nm {(e.g., less than about 145 nm, about 140 nm, about
135 nm, about 130 nm, about 125 nm, about 120 nm, about 115 am, about 110 nm, about 103
am, about 100 nm, about 95 nm, about 90 nm, about 85 nm, about 80 nm, about 75 nm, about
70 nm, about 65 nm, about 60 nm, about 33 mm, or about 30 nm). In some embodiments,
greater than about 70%, 75%, 80%, 5%, 90%, 95%., 96%, 97%, 98%, 99% of the purified
nanoparticles have a size ranging from 50-150 nm. In some embodiments, substantially all of
the purified nanoparticles have a size ranging from 50-150 nm. In some cmbodiments, greater
than about 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%., 98%, 99% of the purified
nanoparticles have a size ranging from 80-150 nm. In some embodiments, substantially all of

the purified nanoparticles have a size ranging from 80-150 nm.

[175] In some embodiments, a process according to the present invention results in an

encapsulation rate of greater than about 90%, 95%, 96%, 97%, 98%, or 99%. In some
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embodiments, a process according to the present invention results m greater than about 60%,

65%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, or 99% recovery of mRNA.

176] In some embodiments, lipid nanoparticles encapsulating mRNA are combined
with preformed bipid particles i step (b} of the process at a ratio of 20:1, 10:1, 9:1, &1, 71,
61,51, 41,31, 2.0, B3, 12, 13, 14, 5, 16, 17, 18 19, 110, or 1:20. The process of
combining the hipid nanoparticles are as described above for nuxing lipid nanoparticles with
mRBNA. In some embodiments, lipid nanoparticles encapsulating mRNA are combined with
preformed lipid particles i step (b) of the process at a ratio of 20:1. In some cmbodiments,
lipid nanoparticles encapsulating mRNA are combined with preformed lipid particies in step
{b) of the process at a ratio of 19:1. In some embodiments, lipid nanoparticies encapsulating
mRNA are combined with preformed lipid particles in step (b} of the process at a ratio of 15:1.
In some embodiments, lipid nancparticles encapsulating mRNA are combined with preformed
lipid particles 1n step (b} of the process at a ratio of 10:1. In some emboduments, hipid
nanoparticles encapsulating mBNA are combined with preformed lipid particles mn step (b} of
the process at a ratic of 9:1. In some embodiments, lipid nanoparticles encapsalating mRNA
are combined with preformed hipid particles in step (b} of the process at a ratio of 8:1. In some
cmbodiments, lipid nanoparticies encapsulating mENA are combined with preformed lipud
particles in step (b} of the process at a ratio of 7:1. In some embodiments, lipid nanoparticles
encapsulating mRNA are combined with preformed lipid particles in step (b} of the process at
a ratio of 6:1. In some emboduments, lipid nanoparticles encapsulating mRNA are combined
with preformed lipid particles in step (b) of the process at aratio of 5:1. In some embodiments,
Epid nanoparticles encapsulating mRNA are combined with preformed lipid particles in step
{b} of the process at a ratio of 4:1. In some embodiments, lipid nanoparticles encapsulating
mRNA are combined with preformed lipid particles in step (b} of the process at a ratio of 3:1.
In some embodiments, lipid nanoparticles encapsulating mRNA are combined with preformed
lipid particies i step (b} of the process at a ratio of 2:1. In some embodiments, lipid
nanoparticles cncapsulating mENA are combined with preformed hipid particles in step (b) of
the process at a ratio of 111, Tn some embodiments, lipid nanoparticles encapsulating mRNA
are combined with preformed hipid particles in step (b} of the process at a ratio of 1:2. In some
embodiments, lipid nanoparticles encapsulating mRNA are combined with preformed fipid
particles in step (b} of the process at a ratio of 1.3, In some cmbodiments, lipid nanoparticles

encapsulating mRNA are combined with preformed hpid particles in step (b) of the process at
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aratio of 14, In some embodiments, lipid nanoparticles encapsulating mRNA are combined
with preformed lipid particles in step {(b) of the process at a ratio of 1:5. In some embodiments,
lipid nanoparticles encapsulating mRNA arc combined with preformed lipid particies in step
(b} of the process at a ratio of 1:6. In some embodiments, lipid nanoparticles encapsulating
mRNA are combined with preformed hpid particles 1o step (b) of the process at a ratio of 1.7,
In some embodiments, lipid nancparticles encapsulating mRNA are combined with preformed
lipid particles in step (b} of the process at a ratio of 1'%, In some cmbodiments, hipid
nanoparticles encapsulating mBNA are combined with preformed lipid particles i step (b) of
the process at a ratio of 1:9. In some embodiments, lipid nanoparticles encapsalating mRNA
are combined with preformed lipid particles in step (b} of the process at a ratio of 1110, In
some embodiments, lipid nanoparticles encapsulating mRNA are combined with preformed
lipid particles in step (b} of the process at a ratio of 1:12. In some embodiments, lipid
nanoparticles encapsolating mRNA are combined with preformed hipid particles in step (b} of
the process at a ratio of 1115, In some embodiments, lipid nanoparticles encapsufating mRNA

are combined with preformed hipid particles in step (b) of the process at a ratio of 1:20.

Purification

(177} In some embodiments, the empty preformed lipid nanoparticles or mRNA-
LNPs are punified and/or concentrated. Varous purification methods may be used. In some
embodiments, the lipid navoparticles are punfied by a Tangential Flow Filtration (TFF)
process. In some embodiments, the lipid nanoparticies are purified by gravity-based normal
flow filtration (NFF}. In some embodiments, the lipid nanoparticles are purified by any other
suttable filtration process. In some embodiments, the ipid nanoparticles are purified by
centrifugation. In some embodiments, the lipid nanoparticles are purified by chromatographic

methods.

Pharmaceutical formulation and Therapeutic Uses

[178] The compeosttion comprising mRNA-LNPs may be formulated in a desired

bufter such as, for example, PBS.

[179] A process according to the present invention results 1 mRNA-LNP

composition of higher potency and cfficacy therchy allowing for lower doses thereby shifting
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the therapeutic mdex n a posifive direction. In some embodiments, the process according to
the present invention results in homogencous mRNA-LNPs having small particle sizes {c.g.,

less than 150 nm).

{180} Thas, the present invention provides a composition comprising mRNA-LNPs
described herein. In some embodiments, majority of purified nanoparticles in a composition,
1.e., greater than about 50%, 553%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% of the purified nanoparticles, have a size of less than about 150 nm {c.g., about
145 nm, about 140 nm, about 135 nm, about 130 nm, about 125 nm, about 120 nm, about 115
nm, about 110 nm, about 105 nim, about 100 mm, about 95 nm, about 90 nm, about 85 nm, or
about 80 nm). In some embodiments, substantially all of the mRNA-LNPs have a size of less
than about 150 nm (e 2., about 145 nm, about 140 nm, about 135 am, about 130 nm, about 125
nm, about 120 nm. about 115 nm, about 110 am, about 105 nm, about 100 nm, about 95 nm,
about 90 nm, about 83 nm, or about 80 noy. Lipid nanoparticles having a size of less than
100 nm are particularty suitable because they can penetrate through the hiver fenestration and
gain access (o hepatocytes. Stmilarly, lipid nanoparticles having a size of about 100 nm or kess
are readily nebulized and can penetrate deep into the hing when administered to a subject using

nebulization.

[1&81] In addition, morge homogeneous nanoparticles with sarrow particle size range
arc achicved by a process of the prescut invention. For example, greater than about 70%, 75%,
0%, 83%, 90%, 95%, 96%, 97%, 98%, 99% of the nanoparticles m a composttion provided
by the present mmvention have a size ranging from about 75-150 am (¢.g., about 75-145 nm,
about 75-140 nm, about 75-135 nm, about 75-130 nm, about 75-125 am, about 75-120 am,
about 73-115 nm, about 75-110 nm, about 75-105 nm, about 75-100 nm, about 75-95 sum, about
75-90 nm, or 75-85 nm). In some embodiments, substantially all of the purified nanoparticles
have a size ranging from about 75-150 nm {e g, about 75-143 nm, about 75-140 nm, about 75-
135 nm, about 75-130 nm, about 75~125 om, about 75-120 nm, about 75-113 nm, about 75-

110 nim, about 73-105 nm, about 75-100 nm, about 75-95 nm, about 75-90 nm, or 75-85 nm}.

[182] In some embodiments, the dispersity, or measure of heterogeneity in size of
maolecules (PD), of nanoparticles in a composition provided by the present invention is fess
than about 0.23 {e.g., less than about 4.23, 0.22, 0.21, 0.20, 0.19, 0.18, 0.17, 0.16, 0.13, 0.14,
0.13,0.12, 0.11, 0.10, 0.09, or 0.08}. In a particular embodiment, the PDI is less than about
0.16.
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[183] In some embodiments, a composition according to the present nvention
contains at least about 1 mg, 5 mg, 10 mg, 100 mg, 500 mg, or 1000 mg of encapsulated mRNA.
In some embodiments, a process according to the present invention results in greater than about

619, 65%, 70%, 75%, 80%, 83%, 90%, 35%, 96%, 97%, 98%, or 9% recovery of mRNA.

[184] In some embodiments, the mRNA in the composition of the invention retains
an integrity of greater than 80%, 835%, 90%, 95%, 95%, 97%, 98% or 99%. In some

embodiments the mRNA has an mtegrity of 100%.

[185] In some embodiments, a compostiion according to the present imvention is
formulated so as to admimster specific doses of the composition to a subject. In some
embodiments, a composition of mRNA lipid nanoparticles as described herein 18 formulated at
a dose concentration of abowt 5 mg/kg mRNA or less than 5 mg/kg mRNA, {i¢. less than 4
mg/kg mRNA, less than 3 mg/kg, less than 2 mg/kg, 1.0 mg/kg 0.6 mg/kg, 0.5 mg/kg, 03
mg/kg, 0.016 mg/kg. 0.05 mg/ke, and 0.016 mg/kg of mRNA}. In some embodiments, the
composition of mRNA bpid nanoparticles as described herein 1s formudated at a dose
concentration of less than 4 mg/kg mRNA hipid nanoparticles. In some embodiments, the
composition of mRNA lipid nanoparticles as described herein 1s formulated at a dose
concentration of less than 3 mg/ke mRNA hpid nanoparticles. In some embodiments, the
composition of mRNA lipid nanoparticles as described herein 18 formulated at a dose
concentration of less than 2 mg/kg mRNA hpid nanoparticles. In some embodiments, the
composition of mRNA hipid nanoparticles as described herein 1s formulated at a dose
concentration of less than 1 mg/kg mRBRNA hpid nanoparticles. In some embodiments, the
composition of mRNA lipid nanoparticles as described herein i1s formulated at a dose
concentration of less than 0.6 mg/kg mRNA lipid nanoparticles. In some embodiments, the
composition of mBNA lipid nanoparticles as described hercin 15 formulated at a dose
concentration of less than 0.5 mg/kg mRNA lipid nanoparticles. In some embodiments, the
composition of mRNA lipid nanoparticles as described herein 1s formulated at a dose
concentration of less than 0.3 mg/kg mRNA lipid nanoparticles. In some embodiments, the
composition of mRNA bpid nanoparticles as described herein 1s formudated at a dose
concentration of less than 0.2 mg/kg mRNA lipid nanoparticles. In some embodiments, the
composition of mENA lipid navoparticles as described herein i1s formulated at a dose
concentration of less than 0.1 mg/kg mRNA lipid nanoparticles. In some embodiments, the

composition of mRNA lipid nanoparticles as described herein 18 formulated at a dose
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concentration of less than 0.0.08 mg/kg mBNA lipid nanoparticles. In some embodiments, the
composition of mRNA lipid nanoparticles as described herein i1s formulated at a dose
concentration of less than 0.06 mg/kg mRNA lipid nanoparticles. In some emboduments, the
coraposition of mBNA lipid nanoparticles as deseribed heremn s formulated at a dose
concentration of less than 0. 0.05 mg/kg mRNA lipid nanoparticles.  In some embodiments,
the composition of mRNA lipid nanoparticles as described herein is formulated at a dose

concentration of less than 0.01 mg/kg mRNA lipid nanoparticles.

[186] In certain embodiments, the amount of mRNA required to effectuate a
therapeutic cffect is reduced by at least about 10%, 153%, 20%, 25%, 30%. 40%, 50%, 60%,
75%, 80%, 90%, 93% or 99%. In certain embodiments, the amount of a polynucleotide
required to effectuate a therapeutic effect is reduced by at least two-, three-, four-, five-, six-,

seven-, cight- nine- ten-, twelve-, fifteen~, twenty- or twenty-five-fold or more.

(1871 Accordingly, i certain embodiments the present invention provides a method
for producing a therapeutic composition comprising purified mRNA that encodes a peptide or
polypeptide for use in the delivery to or treatment of a human subject. In some embodiments,
therapeutic composition comprising purified mRMA is used for delivery n the lung of a subject
or a lung cell. In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes an endogencus protein
which may be deficient or non-functional in a subject. To certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purified
mBNA that encodes an endogenous protein which mav be deficient or non-functional in a

subject.

[18%] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mBNA that encodes a peptide or polypeptide
for use in the delivery to or treatment of the lung of a subject or a lung cell. In certain
embodiments the present invention 1s useful m a method for manufacturing mBNA encoding
cystic fibrosis transmembrane conductance regulator, CFTR. The CFTR mRNA is delivered
to the tung of a subject in need i a therapeutic composition for treating cystic fibrogis.

[189] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mBNA that encodes a peptide or polypeptide
for use 1n the debivery to or treatment of the liver of a subject or a iver cell. Such peptides and

polvpeptides can include those associated with a urea cycle disorder, associated with a
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Iyvsosomal storage disorder, with a glvcogen storage disorder, associated with an amino acid
metabolism disorder, associated with a lipid metabolism or fibrotic disorder, associated with
methyl malonic acidemia, or associated 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

bhenefit.

[190] In certain embodiments the present invention provides a method for producing
a therapeutic composition comprising puntied mRNA that encodes for a protein associated
with a urea cvele disorder. In certain embodiments the present invention provides a method
for producing a therapeutic composttion comprising purificd mRNA that encodes for ornithine
transcarbamylase (OTC) protein. In certain embodiments the present invention provides a
method for producing a therapeutic composition comprising purified mRNA that encodes for
arginosuccinaie syothetase 1 protein. In certain cmbodiments the present invention provides a
method for producing a therapeutic composition comprising purified mRENA that encodes for
carbamoyl phosphate synthetase { protein. In certain embodiments the present mvention
provides a method for producing a therapeutic composition comprising purified mRNA that
encodes for arginosuccinate lyvase protein. In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that

encodes for arginase protein.

[191] In certain embodiments the present mvention provides a method for producing
a therapeutic composition comprising purified 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 compnsing purified mRNA that encodes for
alpha galactosidase protemn. In certain embodiments the present mvention provides a method
for producing a therapentic composition comprsing purified mRBNA that encodes for
glucocercbrosidase protein. In certain embodiments the present invention provides a method
for producing a therapeutic composition compnsing purified mRNA that encodes for
iduronate-2-sulfatase protein. In certain embodiments the present invention provides a method
for producing a therapeutic composttion comprising purified mRNA that encodes for
whironidase protein. In certain embodiments the present invention provides a method for
producing a therapeutic composition comprising purificd mRNA that encodes for N-acetyl-
alpha-D-glucosaminidase protein. In certain embodiments the present invention provides a

method for producing a therapeutic composition comprising purified mRNA that encodes for
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heparan N-sulfatase protein. In certain embodiments the present nvention provides a method
for producing a therapeutic composition comprising purified mRNA that encodes for
galactosamine-6 sulfatase protein. In certain embodiments the present invention provides a
method for producing a therapeutic composttion comprsing purified mRNA that encodes for
beta-galactosidase protein. In certain embodiments the present invention provides a method
for producing a therapeutic composition comprising purified mRNA that encodes for fvsosomal
lipase protein. In certamn embodiments, the present invention provides a method for producing
a therapeutic composifion comprising purified mRBRNA that encodes for arvisulfatase B (M-
acetyigalactosamne-d-sulfatase} protein.  In certain embodiments, the present nvention
provides a method for producing a therapeutic composition comprising purified mRNA that

encodes for transcription factor EB (TFEB).

1192} In certain embodiments the present mvention provides a method for producing
a therapeutic composition comprising purified mRBRNA that encodes for a protein associated
with a givcogen storage disorder. [n certain embodiments the present invention provides a
method for producing a therapeutic composition comprising purified mRNA that encodes for
acid alpha-glocosidase protein. In certain embodiments the present imvention provides a
method for producing a therapeutic composttion comprising purificd mRNA that encodes for
glucose-6-phosphatase {G6PC) protein. In certain embodiments the present invention provides
a method for producing a therapeutic composition comprising purified mRNA that encodes for
liver glvcogen phosphorylase protein. In certain embodiments the present invention provides
a method for producing a therapeutic composition comprising purified mRNA that encodes for
muscle phosphoglycerate mutase protem.  In certain embodiments the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that

encodes for glveogen debranching enzyvme.

(193] In certain embodiments the present invention provides a method for producing
a therapeutic composition comprising purified mRBRNA that encodes for a protein associated
with amino acid metabolism. In certain embodiments the present invention provides a method
for producing a therapeutic composition comprising punified mRNA that encodes for
phenvialanine hydroxvlase enzvme. In certain embodiments the present invention provides a
method for producing a therapeutic composttion comprising purificd mRNA that encodes for
glutaryi~-CoA dehydrogenase enzyme. In cerfain embodiments the present invention provides

a method for producing a therapeutic composition comprising purified mRNA that encodes for
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propionyi~-CoA caboxvlase enzyme. In certain embodiments, the present invention provides a
method for producing a therapeutic composition compnsing purified mRNA that encodes for

oxalase alanine-glvoxylate aminotransferase enzvme.

[194] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes for a protein associated
with a lipid metabolism or fibrotic disorder. In certain embodiments the present invention
provides a method for producing a therapeutic composition comprsing purified mRNA that
encodes for an mTOR inhibitor. In certam embodiments the present invention provides a
method for producing a therapeutic composttion comprising purificd mRNA that encodes for
ATPase phospholipid transporting 8B1 {ATP8B1) protein. In certain embodiments the present
mvention provides a method for producing a therapeutic composition comprising purified
mRNA that encodes for one or more NF-kappa B inhibitors, such as one or more of [-kappa B
alpha, mterferon-related development regulator 1 (IFRD1), and Sivtuin 1 (SIRT1). In certain
embodiments, the present invention provides amethod for producing a therapeutic composition

comprising purificd mRNA that encodes for PPAR-gamma protein or an active variant,

[195] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes for a protein associated
with methyl malonie acidenia. For example, in certain e¢mbodiments the present invention
provides a method for producing a therapeutic composition compnsing purified mRNA that
encodes tor methyl malonyl CoA mutase protein. In certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purified

mRNA that encodes for methylmalonyl CoA epimerase protein.

[196] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified 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 comprising purified mBNA that encodes for
ATPT7B protein, also known as Wilson disgase protein. In certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purified
mRNA that encodes for porphobilinogen deaminase enzyme. In certain embodiments, the
present invention provides a method for producing a therapeutic composition comprising
purified mRNA that encodes for one or clotting enzymes, such as Factor VHI, Factor EX, Factor

Vi, and Factor X. In certain embodiments, the present invention provides a method for
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producing a therapeutic composition comprising purified mRNA that encodes for human

hemochromatosis (HFE) protein.

[197] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use in the delivery to or treatment of the cardiovascular conditions of a subject or a
cardiovascular cell. In certain embodiments, the present jnvention provides a method for
producing a therapeutic composition comprising purified mRNA that encodes for vascular
endothelial growth factor A protemn. In certain embodiments, the present invention provides a
method for producing a therapeutic composttion comprising purificd mRNA that encodes for
relaxin protein. In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purificd mRNA that encodes for bone morphogenetic
protein-9 protein. In certain embodiments, the present invention provides a method for
producing a therapeutic composition comprising purnified mRNA that encodes for bone

morphogenetic protein-2 receptor protein.

[198] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use in the delivery to or treatment of the muscle of a subtect or a muscle cell. In certain
embodiments, the present invention provides a method for producing a therapeutic composition
comprising purificd mRNA that encodes for dystrophin protein. fn certain embodiments, the
present mvention provides a method for producing a therapeutic composition comprising
purified mRNA that encodes for frataxin protein.  In certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purified
mRNA that encodes a peptide or polypeptide 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
myention provides a method for producing a therapeutic composition comprising purified
mENA that encodes for a protein that modulates one or both of a potassium channel and a
sodium channel 1 muscle tissue or in a muscle cell. In certain embodiments the present
mvention provides a method for producing a therapeutic composition comprising purified
mRNA that encodes for a protein that modulates a Kv7.1 channel in muscle tissue or in a
muscie cell. In certain embodiments, the present mvention provides a method for producing a
therapeutic composition comprisimg purified mBNA that encodes for a protein that modulates

a Nav1.5 channel in muscle tissue or in a muscle cell.
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[199] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use 1n the delivery to or treatment of the nervous system of a subject or a nervous system
cell.  For example, m certain embodiments the present invention provides a method for
producing a therapeutic composition comprising purified 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 comprising purified mRNA that encodes for
survival motor neuron 2 protein. In certain embodiments, the present invention provides a
method for producing a therapeutic composition comprising purified mRNA that encodes for
frataxin protein. In certain embodiments, the present invention provides a method for
producing a therapeutic composition comprising purified mRNA that encodes for ATP binding
cassette subfamily Tt member 1 (ABCD1) protein.  In certain embodiments, the present
myention provides a method for producing a therapeutic composition comprising purified

mENA that encodes for CLN3 protemn.

[204] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use m 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 comprising purified mRNA that encodes for beta globin
protein. In certain embodiments, the present mvention provides a method for producing a
therapeutic composition comprising purified mRNA that encodes for Bruton”s tyrosine kinase
protein.  In certain embodiments, the present invention provides a method for producing a
therapeutic composition comprising purified mRNA that encodes for one or clotting enzymes,

such as Factor VHI, Factor IX, Factor VII, and Factor X,

261} In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use m the delivery to or treatment of the kidoey of a subject or a kidney cell. In certam
embodiments, the present invention provides a method for producing a therapentic composition

compnsing purtfied mRNA that encodes for collagen type IV alpha 5 chain {COL4AS) protein.

202} In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide

for use in the delivery to or treatment of the eve of a subject or an eve cell. In certain

80



WO 2021/007278 PCT/US2020/041122

embodiments, the present invention provides amethod for producing a therapeutic composition
compnsing purificd mRNA that encodes for ATP-binding cassetie sub-family A member 4
{ABCA4) protein. In certain embodiments, the present invention provides a method for
producing a therapeutic composition comprising punfied mRNA that encodes for retinoschisin
protein.  In certain embodiments, the present invention provides a method for producing a
therapeutic composition comprising purificd mRNA that encodes for retinal pigment
epithelivm-specitic 65 kDa (RPE63) protein.  In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprsing purified mRNA that

encodes for centrosomal protein of 290 kDa (CEP290).

[203] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes a peptide or polypeptide
for use i the delivery of or treatment with a vaccing for a subject or a cell of 3 subject. For
example, in certain cmbodiments the present invention provides a method for producing a
therapeutic composition comprising purifiecd mRNA that encodes for an antigen from an
mfectious agent, such as a virus. In certaimn embodiments, the present vention provides a
method for producing a therapeutic composition compnsing purified mRNA that encodes for
an antigen from influenza virus. In certain embodiments, the present invention provides a
method for producing a therapeutic composition comprising purified mRNA that encodes for
an antigen from respiratory syncvtial virus. fn certain embodiments, the present invention
provides a method for producing a therapeutic composition compnsing purified mRNA that
encodes for an antigen from rabics virus. In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that
encodes for an antigen from cytomegalovirus. In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that
encodes for an antigen from rotavirus. In certain embodiments, the present invention provides
a method for producing a therapeutic composition comprising purified mRNA that encodes for
an antigen from a hepatitis virus, such as hepatitis A virus, hepatitis B virus, or hepatitis C
virus. In certain embodiments, the present invention provides a method for producing a
therapeutic composition comprising purified mRNA that encodes for an antigen from human
papillomavirus. I certain cmbodiments, the present vention provides a method for
producing a therapeutic composition comprising purified ;mRNA that encodes for an antigen

from a herpes simplex virus, such as herpes simplex virus | or herpes simplex virus 2. In
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certain embodiments, the present mvention provides a method for producing a therapeutic
composition comprising purified mRNA that encodes for an antigen from a human
immunodeficiency virus, such as human mmunodeficiency wvirus type 1 or human
mmunodeficiency virus type 2. In certain embodiments, the present invention provides a
method for producing a therapeutic composition comprising purified mRNA that encodes for
an antigen from a human metapneumovirus. o certain embodiments, the present invention
provides a method for producing a therapeutic composition compnsing purified mRNA that
encodes for an antigen from a human parainfluenza virus, such as human paramfluenza virus
type 1, human parainfluenza virus type 2, or hwman parainfluenza viras type 3. In certain
embodiments, the present invention provides a method for producing a therapeutic composition
comprising purifiecd mRNA that encodes for an antigen from malaria virus. In certain
embodiments, the present tnvention provides a method for producing a therapeutic composition
comprising purified mRNA that encodes for an antigen from zika virus. In certain
embodiments, the present invention provides a method for producing a therapeutic composition

comprising purificd mRNA that encodes for an antigen from chikungunya virus.

[204] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes for an antigen associated
with a cancer of a sabject or identified from a cancer cell of a subject. In certain embodiments,
the present invention provides a method for producing a therapeutic composition comprising
purificd mRNA that encodes for an antigen determined from a subject’s own cancer cell, i¢.,
to provide a personalized cancer vaccine. In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that

encodes for an antigen expressed from a motant KRAS gene.

[205] In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified 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 some embodiments, two separate mRNA-LNPs m step (b)
of the process comprise mRBNA encoding a light chain and heavy chain of an antibody. In
some embodiments, the mRNA-LNP composition of the invention may comprise a
cormbination of non-identical LNPs comprising different lipid composition, and encapsulating
mRNA encoding a light chain or a heavy chain of an antibody. In certain embodiments, the

present mvention provides a method for producing a therapeutic composition comprising
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puriticd mRNA that encodes for an antibody to OX40. In certam embodiments, the present
mvention provides a method for producing a therapevtic composition comprising punfied
mRNA that encodes for an antibody to VEGF. In certain embodiments, the present invention
provides a method for producing a therapeutic composition comprising purified mRNA that
encodes for an antibody to tissue necrosis factor alpha. In certain embodiments the present
mvention provides a method for producing a therapewtic composition comprising purified
mENA that encodes for an antibody to CD3. In cortain cmbodiments the present invention
provides a method for producing a therapeutic composition comprsing purified mRNA that

encodes for an antibody to CD19,

[206] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes for an immunomodulator.
In certain embodiments, the present imvention provides a method for producing a therapeutic
composition comprising purificd mENA that cncodes for Imterleukin 12, In certain
embodiments, the present invention provides amethod for producing a therapeutic composition
comprnising purified mRNA that encodes for Interleukin 23, In certain embodiments, the
present mvention provides a method for producing a therapeutic composition comprising
purified mRNA that encodes for Interleukin 36 gamma. In certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purified
mEMA that encodes for a constitutively active variant of one or more stimulator of interferon

genes (STING) proteins.

2071 In certain embodiments, the present invention provides a method for producing
a therapeutic composition comprising purified mRNA that encodes for an endonucleass. In
certain embodiments, the present invention provides a method for producing a therapeutic
composition comprising purified mRNA that encodes 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 comprising purificd mRNA that encodes for a
meganuciease protem. In certain embodiments, the present invention provides a method for
producing a therapeutic composition comprising purified mRNA that encodes for a
transcription activator-like effector nuclease protemn. o certain embodiments, the present
mvention provides a method for producing a therapeutic composition comprising purnfied

mRNA that encodes for a zine finger nuclease protein.
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[208] In certain embodiments, the present mvention provides a method for producing
a therapeutic composition comprising punfied mBNA that encodes for treating an ocular
discasc. In some embodiments, the method is used for producing a therapeutic composition

comprising purified mRNA encoding retinoschisin,

EXAMPLES

[209] 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 invention and are not intended to limit the same. While
certain compounds, compositions and methods of the present mvention have been described
with specificity in accordance with certain embodiments, the following examples serve only 1o

itlustrate the jnvention and are not intended o lunit the same.

[216] The mRNA-LNP test articles described in the following examples, unless
otherwise specified. contain mRNA encapsulated in a multi-component lipid mixture of
varying ratios employing one or more cationic lipids, one or more helper bipids {e.g., non-
cationic lipids such as BEPE or DOPE), one or more PEGvlated lipids, and optionally one or

more sterols, such as cholesterol designed to encapsulate mRNA.

Example 1. Preparation of mRNA

In vitro Transcription of mRNA

[211] Unless otherwise described, mRNA was synthesized via in vitro transcription
(YT} using cither T7 polymerase or SP6 polymerase. Briefly, in the SP6 polymerase VT
reaction, for cach gram of mRNA transcribed. a reaction containing 20 mg of a lincarized
double stranded PNA plasmid with an RNA polymerase specific promoter, 5P6 RNA
polymerase, RMase inhibitor, pyrophosphatase, 5 mM NTPs, 10mM DTT and a reaction buffer
{(10x ~ 230 ;M Tris-HCL pH 7.5, 20 mM spirnudine, 50 mM NaCl ) was preparced with ENase
free water then incubated at 37C for 60min. The reaction was then guenched by the addition of
DNase I and a DNase [ buffer (10x- 100 mM Tris-HCL 5 mM Mgz and 25 mM CaCls, pH
7.6} to facilitate digestion of the double stranded DNA template 10 preparation for purification.

S5 Capping of mRNA
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[212] Unless otherwise described the IVT transcribed mENA was capped on its 57
end ¢ither by mcluding cap structures as part of the VT reaction or in a subscquent enzymatic
step. For capping as part of the IVT reaction, a cap analog can be incorporated as the first
“base” in the nascent RNA strand. The cap analog may be Cap 0, Capl, Cap 2, "Amn, or
unnatural caps. Altematively, uncapped and purified in virro transcribed (IVT) mRNA can be
modified enzymatically following IVT to include a cap, e.g.. by the addition of a 5° N~
methviguanviate Cap 0 structure using guanvlate transferase and the addition of a methvl group
at the 27 O position of the penultimate nucleotide resulting m a Cap 1 structure using 2° O-
methvitransferase as described by Fechter, P, Brownlee, G.G. “Recognition of mRNA cap

structures by viral and cchiular proteins™ J. Gen. Virology 2005, 86, 1239-1249.

3 Tailing of mRNA

[213] Unless otherwise described, the IV T transcribed mRNA was tailed on its 37 end
cither by including a tail template m the linearized plasmid, which tails the mRNA as part of
the IV'T reaction, or in a subsequent enzymatic step. For tailing as part of the IVT reaction,
meorporation of a poly-T or similar tailing feature into the pDNA template is performed such
that the poly A tail or similar appropriate tail is formed on the mRNA as part of the IVT process.
Alternatively, a poly-A tail can be added to the 37 end of the IVT-produced mRNA

enzymatically following the IVT reaction, ¢.g., using poly-A polymerase.

Example 2. Preparation of Lipid Nanoparticles (L NPs} and Encapsulation of mRNA

[214] LNP preparation and encapsulation of mRNA in LNPs comprising Compound
3 as the cationic lipid were performed according to Process B. Process B is further described
m U.S. Published Patent Application No. US2018153822, which is herein incorporated by
reference for all purposes. As noted above, the LNP preparations were multi-component lipid
mixtures including one or more cationic lipids, one or more helper lipids {¢.g., non-cationic
hipids such as DEPE or BDOPE), one or more PEGylated lipids, and one or more sterols, such

as cholesterol designed to encapsulate mENA obtained as described in Example 1.

[215] As used herein, Process A refers to a conventional process in which LNPs are
formed from a multi-component mixture of lipids and the mENA is encapsulated in those

forming LNPs in a single step.
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[216] Process B refers to a process of encapsulating mRNA by mixing pre-formed
LNPs with mRNA. The pre-formed LNPs were first prepared by instantancously mixing a
multi-coraponent hipid nuxture dissolved 1 a solvent, such as cthanol with a citrate buffer, in
the absence of mRNA. The muxing of the two streams resulted in the formation of empty hipid
nanoparticles, which was a self-assembly process. The resultant formulation provided empty
lipid nanoparticles in citrate buffer containing alcohol, which was buffer exchanged (c.g., by
tangeutial flow filtration (TFF)) to provide empty hipid nanoparticles in a 10% weight/volume
trehalose solution buffer. Then, the empty hipid nanoparticles and mRNA i an aqueous

solution were mixed to form mRNA encapsulated within the hipid nanoparticles.

[217] Specifically, to prepare emptv hipid nanoparticles, either DEPE or DOPE was
used as the helper lipid, together with Compound 3 as the cationic lipid, DMG-PEGZK as the

PEG-modified lipid and cholesterol at the ratios described in Table 2-1.

Table 2-1. Lipid Nanoparticle Formation with DEPE versus DOPE

Test | mRNA | LNP LNP Lipid Molar Ratic § N/P | Particle | Polydispersity Ye
Atticle Helper | (Compound 3 : DMG-~ | ratio size Index (PDD Encapsulation
Lipid PEG2K : Cholesterol : {nm}
Helper Lipid)
i EPO DOPE 40:3:25:32 4 n/a n/a wa
2 EPO DEPE 40:3:25:32 4 152 .14 687
[21&] Surprisingly, it was found that these multi-component lipid mixtures with

Compound 3 as the cationic lipid could not be formulated using DOPE as the non-cationic
helper lipid but formed stable liposomes when DEPE was used as the non-cationic helper lipid

mstead of DOPE.

Example 3. Enhanced in vive Production of mRNA in an LNP with DEPE

[219] This example tllustrates the unexpected increase m potency of LNP
encapsulated mRNA using an LNP that includes DEPE as a helper hipid.

[220] mRNA encoding EPO was synthesized as described i Example 1. Using
Process B as described in Example 2, the mRNA was encapsulated into LNPs which comprised

\

different helper lipids but which were otherwise the same {see Table 3-1 below}. Specifically,
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cach mRNA-cncapsulated LNP included a different helper lipid but the same cationic hipid
{Compound 1}, the same PEG-modified lipid (BMG-PEG2K), the same sterol compound
{cholesterol}, the same molar ratios of those lipids, the same mRNA (EPO mRNA), the same
N/P ratio = 4 (i.¢., the molar ratio of cationic lipid to mRNA), the same mRNA concentration
(0.2 mg/mL) and were prepared according to the same process (Process B). The characteristics

of the resulting mRNA-LNPs are provided in Table 3-1.

Table 3-1. Characteristics of EPO mRENA-LNP

P Lapid Molar Rato .
| LNP LNP Lapid 'f‘VfDli: Ratio Particle . 3 5
Test wENA | Heloer (Compound | : DMG-~- | NP | Conc. size Polydispersity Yo
Article ) ey PEG2K : Cholesterol : | ratio | mg/mL I Index (PDI) Encapsulation
Lipid A {nm)
Helper Lipid)

1 EPO DOFPE 4(:3:25:32 4 0.2 112 0144 925
2 EPO | DLOFE 40:3:25:32 4 0.2 107 0.146 91.3
3 EPO POPE 40:3:25:32 4 0.2 121 ¢.145 96.5
4 EPO DEPE 40:3:25:32 4 0.2 126 0.129 98.4

221} Each of the four test articles comprising mRNA encapsulated in an LNP with a
different helper lipid (1-4 in Table 3-1) was administered to mice mtravenously by tail vemn
mjection {(n=3, CD-1 mice 6-8 weeks of age) at a dose of 1 mg/kg mRNA 10 a dose volume of
5mil/kg. At 6 hours post-dose administration, interim whole blood was collected by tail snip.
At 24 hours post-dose administration, all ammals were euthanized followed by thoracotomy
and terminal blood collection. Human ervthropoietin (hEPO) levels in sera samples were
determined by ELISA kit (R&D gystem Catd DEPOD) according to the manufacturer
mstruction. fn addition, sera ALT and AST levels were measured by ELISA according to
standard techniques. The EPO protein expression and ALT/AST resulis are provided in Table

3-2 and graphically depicted in FIG. 1 and in FIG. 2, respectively.

Table 3-2. In vive Experimental Plan for Example 3

e | NP

st )

Article }viél?f
Lipid

Protein Expression
from mRNA at 6
hours post-dose
ug/ml {st.dev.)

Protein Expression
from yuRNA at 24
hours post-dose
ug/ml {st.dev.)

ALT at 24 howrs
post-dose
U/L (st.dev)

AST at 24 hours
post-dose
U/L (st.dev)
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1 DOPE 8.30 (3.45) 4.44 (2.09) 419 (4.6) 87.0 (8.9)
2 | DLOPE 7.92 (4.59) 2.61(0.72) 31.9(83) 93.4(12.3)
3 POPE 8.65 (3.40) £.45 (1.56) 38.8(8.2) 106.8 (5.4)
4 DEPE 2523 (10.45) 13,73 (7.95) 403 (3.6) 95,3 (8.8)

As shown 1o Table 3-2 and m FIG. 1, the mRNA LNPs compnsing DEPE as the helper
Lpid provided remarkably higher in vivo protein expression as compared to protein
expression from mRNA LNPs comprising other helper lipids but that were otherwise the
same. Specifically, at six hours post-dose administration, the mRNA LNPs comprising
DEPE provided an i vive protein expression that was enhanced to more than 100%, 1.¢., o
more than two times lugher, the protein expression from mRNA LNPs comprising a helper
limd other than DEPE, ¢ 2., DOPE, DLOPE, or POPE, at the same timepoint. Similarly, at
24 hours post-dose administration, the mRNA LNPs comprising DEPE provided an in vivo
protein cxpression that was enhanced to more than 160%, 1., to more than two times higher,
the protein expression from mRNA LNPs comprising a helper lipid other than DEPE, e g.,
DBOPE, DLOPE, or POPE, at the same time point.

222} Moreover, as also shown in Table 3-2 and i FiIG. 2, the ALT and AST levels
at 24 hours post-dose administration were substantially similar for all mRNA LNPs regardiess
of helper lipid, indicating that mRNA LNPs comprsing DEPE as helper lipid have similar
safety and tolerability to mRINA LNPs comprising a helper lipid other than DEPE, c.g., DOPE,

DLOPE, or POPE, while at the same time being remarkably more potent.

Example 4. Preparation of Lipid Nanoparticles (ENPs) Using DEPE or DOPE as Helper
Lipids

[223] This example iHustrates that uvsing DEPE as a helper lipid 1o mRNA-
encapsulating hipid nanoparticle (mRNA-LNP) formulations can provide increased protein
expression from the mRNA in vivo by up to more than two-fold relative to conventional
liposomes comprising (DOPE) as a helper lipid. It was also observed that the mRNA-LNPs
with BEPE as a helper lipid provided increased encapsulation efficiency as compared to the

same mRNA-LNPs with DOPE as a helper lipid. Notably, this enhanced expression and this
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enhanced encapsulation efficiency was observed across a wide variety of mRNA-LNPs

compnsing different cationic lipids.

[224] In these studies, mBNA encodmg OTC was encapsulated in LNPs
comprising DEPE or DOPE as helper lipids and various cationic lipids listed in Table 4.
Each cationic lipid described m Table 4 included four alkyl chaing of Cio, Ciz, Cig, 0r Cisin
length, as denoted by the ending two digit number in the description of cach lipid. The molar
ratio of cationic ipid: DMG-PEGZK: Cholesterol:Helper Lipid was about 40:3:25:32. Forthe
in vivo portion of the studies, 1 mg/kg of each formulated mRBRNA-LNP was delivered to mice
via tail vein injection. At 24 hours mice were sacrificed and the 77 vivo expression of mRNA
encoding OTC was assessed from liver homogenate from each mouse. The mean protein

gxpression 1s provided in the table below.

Tabie 4, Protein Expression and Encapsulation Efficiency of LNPs with DEPE versus

DOPE as a Helper Lipid

Cationic Lipid Protein Expression {ng/mi} Encapsuiation %
BOPE DEPE LoPE DEPE
c¢DBD-TE-4-E10 86.44 516.96 87.49 95.53
c¢DD-TE-4-E12 96.39 764.91 85.73 81.6
cDD-TE-4-E14 81.85 £8.05 71.84 70.8
cHse-E-2-E10 128.892 100.37 82 96.74
cHse-E-2-E12 226.887 248.68 21 99.33
cHse-E-3-E10 1706.15 4462.86 84.8 96.9
cHse-E-3-E12 141127 3180.32 85.11 97.52
cHse-E-3-E14 Aggregates 1617.88 Aggregates S90.6
cHse-E-3-E16 Low Encap 135.68 Low Encap 67.4

Table 4 demonstrates that encapsulation efficiency was greater when DEPE was used as a
helper lipid, as compared io DOPE. In addition, it was surprising to observe that multi-
coraponent lipid muxtures with certain of the lipidoids as the cationic lipids could not be even
formulated using DOPE but formed stable liposomes when DEPE was used as the helper
limd. Table 4 also demonstrates that the mRNA LNPs comprising DEPE as the helper lipid
showed remarkably bigher in vivo protein expression as compared to protein expression from
mRBNA LNPs comprising DOPE helper lipid but that were otherwise the same. This was true

when various cationic Hpids were used in LNPs.
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Example 5. Enhanced in vive Protein Expression by Using DEPE as Helper Lipid as
Compared to Other Helper Lipids

[225] This example illustrates that using DEPE as a helper lipid in an mRNA-
encapsulating lipid nanoparticle (mRNA-LNP) can increase expression of mENA in vive
relative to hipid nanoparticles that use other types of helper ipids, across a variety of

encapsulation processed used to preparing the mRNA-LNPs.

[226] In these studies, mRNA encoding OTC was encapsulated in LNPs (N/P = 4)
comprising DMG-PEG-2000 as PEG-modified hpid, ¢DD-TE-4-E12 as a cationic lipid,
cholesterol, and one of several different helper lipids, including DEPE, at molar hipid ratios as
shown m Table 5-1, Table 5-2, Table 5-3 and Table 5-4. Each mRNA-LNP formulation
was prepared by using one of four different encapsulation processes: conventional process,
for formulations described in Table 5-1, Remix process for formulations described in Table
8.2, Step-Up Remix process for formulations described in Table 5-3, or Step-Down Remix
process for formulations described in Table 5-4. mENA-LNPs were assessed for LNP size,
polvdispersity and percent encapsulation, with the results for each presented in the tables
below. For the in vive portion of the studies, 1 mg/g of each formudated mRNA-LNP was
delivered to mice {n=3) via tail vein injection. At 24 hours mice werg sacrificed and the i
vivp expression of mRNA encoding OTC was assessed from liver homogenate from cach

mouse. The mean protein expression is provided in the tables below.

Tabie 5-1. mRNA-LNPs with Different Helper Lipids Prepared via Conventional

EncapsulationHeiper

DEPE 3:40:25:32 78 0.17 98 1454 755
DEPE 2:40:25:33 76 0.1% 100 1834 522
DOPE 1.5:40:26.5:32 8¢ 0.09 95 618 440
PE23:4 3:40:25:32 81 0.22 92 o G

Table 5-2. mRNA-LNPs with Different Helper Lipids Prepared via Remix Encapsulation
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DEPE 3:40:25:32 12¢ | 0.17 a2 765 290
DOPE 3:40:25:32 111 | 0.19 86 96 41

16:‘;';8:‘2 3:40:25:32 115 | 0.15 64 o 0
16:‘;';0:4 3:40:25:32 108 | 0.14 6% 0 0
16:‘;’;‘2 6 3:40:25:32 g5 0.13 79 0 0
DOCP 3:40:25:32 80 | 0.194 83 o o
DOCPe 3:40:25:32 110 | 024 65 0 0
PE20:4 3:40:25:32 105 | 0.16 a7 0 o

Table 3-3. mRNA-LNPs with Different Helper Lipids Prepared via Step-Up Remix

Encapsulation

DEPE 3:40:25:32 124 | 0.12 96 1258 342
DOPE 3:40:27:30 138|018 93 579 302

18:?)";8:2 3:40:25:32 115|012 87 0 0

18:?;;0:4 3:40:25:32 87 | 012 79 0 0

Table 5-4. mRNA-LNPs with Different Helper Lipids Prepared via Step-Down Remix

Encapsulation

DEPE 3:40:25:32 118 0.10 96 1247 223
DOPE 3:40:27:30 124 0.16 30 527 288
DOCPe 3:40:25:32 115 .24 64 0 0

Table 5-1, Table 5-2, Table 5-3 and Table 5-4 cach show levels of protein expression after

24 hours by the mRNA encapsulated 1 LNPs and delivered to the groups of mice. As shown,

only LNPs prepared with the helper lipids DOPE or DEPE provided potency m terms of

protein expression across the different encapsulation processes. Notably, in vive protein
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expression was highest when DEPE was used a helper id to prepare the LINPs, regardless

of the encapsulation process used to prepare the mRNA-LNPs.

[227] As one skilled 1n the art can appreciate, this signiticantly mereased potency
but comparable safety and efficacy of mRNA LNPs comprising DEPE as helper lipid offers

sigiificant advantages for delivery of mRNA as a therapeutic.
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EQUIVALENTS
[228] Those skilled in the art will recognize, or be able to ascertain, using no more
than routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present mvention 1s not infended to be linuted to the above

Dieseription, but rather 1s as set forth in the following clamms:
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CLAIMS
We claim:

1. A hipid nanoparticle for the delivery of mRNA 1o a subject in need thercof, the lipid
nanoparticle comprising one or more cationic lipids, one or more PEG-modified lipids and
one or more helper lipids encapsulating the mRNA, wherein the one or more helper lipids

comprises 1,2-Dierucovl-sn-glycero-3-phosphocthanolamine (DEPE).

2. The lipid nanoparticle of claim 1, wherein administration of the lipid nanoparticie to the
subject results in enhanced expression of the mRNA as compared to expression of the same
mRNA i a second lipid nanoparticle having the same lipid components and amounts except
that the second lipid nanoparticle includes a different one or more helper lipids and does not

nclude DEPE.

3. The lipid nanoparticle of claim 2, wherein the different one or more helper lipids
coraprnses dioleoviphosphatidyicthanolamine (DOPE), 1,2-Dilincleovl-so-glycero-3-
phosphoethanolanmune (DLOPE), 1-palmitovi-2-oleovi-sn-glveero-3-phosphocthanolanune
(POPE), and/or a combination thereof.

4. The lipid nanoparticie of claim 2 or 3, wherein expression is enbanced at least two-fold

relative to the second lipid nanoparticle.

5. The lipid nanoparticle of any preceding claims, wherein the DEPE in the lipid nanoparticle

is present af a concentration of between 10 molar percent and 50 molar percent.

6. The hipid nanoparticle of any preceding claims, wherein the one or more cationic lipids is

or comprises one to four alkyl chains, cach of Cre-Cis i length.

7. The hipid nanoparticle of any one of claims 1-5, wherein the one or more cationic lipids is a

lipidoid comprising four aliphatic chains.

3. The hipid nanoparticle of claim 7, wherein the one or more cationic lipids 15 or comprises a

cationic lipid of the following formula:
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o1 a pharmaceutically acceptable salt thercof;

wherein cach R! and R? is independently H or Ci1-Cs aliphatic; each m is independently an
integer having a value of 1 to 4; each A is independently a covalent bond or arviene; each L!
is independently an ester, thioester, disulfide, or anhydride group; each L7 is independently
C>-C e aliphatic; cach X' is independently H or OH: and cach R7 is independently Cs-Cao
aliphatic.

9. The lipid nanoparticle of claim 8, wherein each R’ is independently Cs-Cis aliphatic.

10. The lipid nanoparticle of any preceding claims, wherein the one or more PEG-modified
lipids comprises a poly{cthylene) glveol chain of up to 5 kDa in length covalently attached to
a lipid with alkyl chain(s) of Ce-Coo length.

11. The lipid nanoparticle of any preceding claims, further comprising one or more sterols.
12. The hipid nanoparticle of claim 11, wheremn the one or more sterols comprises a
cholesterol-based lipid.

13. The lipid nanoparticle of claim 12, wherein the cholesterol-based hipid 1s cholesterol
and/or PEGylated cholesterol.

14, The lipid nanoparticle of any preceding claims, wherein the mRNA 15 a mRNA encoding
a protein that translates into a therapeutic protemn or peptide i vivo,

15. The lipid nanoparticle of claim 14, wherein the mRNA encoding the protein or peptide is
delivered svstemically and the translated protem or peptide 1s detectable in the hiver or serum
at 24 hours or longer following admimistration.

16. The lipid nanoparticle of clatm 13, wherein the polypeptide 1s a therapeutic polypeptide.
17. The hipid nanoparticle of claim 16, wherein the therapeutic polypeptide is (a) an antibody

hight chain or an antibody heavy chain, or (b} a polypeptide absent or deficient in the subject.
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18. The bipid nanoparticle of claim 14, wherein the mRNA encoding a protem encodes a
peptide.
19. The lipid nanoparticle of claim 18, wherein the peptide is an antigen.

20. A method for delivery of mRINA to a subject in need thereof, the method comprising
adnunistering to the subject a lipid nanoparticle comprising one or more cationic lipids, one
or more PEG-modified lipids and one or more helper lipids encapsulating the mRNA,
wherein the one or more helper hipids comprises 1.2-Dierucovi-su-glveero-3-

phosphoethanolamine (DEPE).

21. The method of claim 20, wherein adnunistration of the lipid nanoparticle to the subject
results in enhanced expression of the mRNA as compared to expression of the same mRNA
from a sccond lipid nanoparticle having the same lipid components and amounts cxeept that
the second lipid nanoparticle includes a different one or more helper lipids and does not
mclude DEPE.

22. The method of claim 21, wherein the different one or more helper lipids comprises
dicleoyiphosphatidyiethanclamuine (DOPE), 1,.2-Bhlinoleoyl-sn-glycero-3-
phosphoethanolamine {BLOPE), 1-palmitovi-2-oleovi-sn-glvcero-3-phosphoethanolamine
(POPE), and/or a combination thereof.

23. The hipid nanoparticle of claim 21 or 22, wherein expression 1s enhanced at least two-fold
relative to the second lipid nanoparticle.

24. The hpid nanoparticle of any one of claims 20-23, wherein the DEPE in the lipid
nanoparticle is present at a concentration of between 10 molar percent and 59 molar percent.
25. The method of anvy one of claims 20-24, wherein the one or more cationic hipids is or
comprises cKK-E12.

26. The method of any one of claims 20-24, wherein the one or more cationic lipids is or
comprises ICE (imidazole cholesterol ester).

27. The method anv one of claims 20-24, wherem the one or more cationic lipids 1s or
Py >

comprise a cationic hipid of the following formula;
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o1 a pharmaceutically acceptable salt thercof;

wherein each R! and R? is independently H or Ci-Cs aliphatic; each m is independently an
integer having a value of 1 to 4; cach A is independently a covalent bond or arylene; cach Lt
is independently an ester, thioester, disulfide, or anhvdride group; cach 1.2 is independently
C2-Cio aliphatic; each X' is independently H or OH: and each R is independently Cs-Cao

aliphatic.

28. The method of claim 27, wherein the one or more cationic lipids s or comprises

Compound 1.

29. The method of any one of claims 20-28, wherein the one or more PEG-modified lipids is
or comprises a poly{ethvlene) glveol chain of up to 5 kDa in length covalently attached to a

fimd with alkyl chamn(s} of Ce-Cao length,

30. The method of anv one of claims 20-29, further comprising one or more sterols.

31 The method of claim 30, wherein the one or more sterols comprises a cholesterol-based
hpid.

32. The method of claim 31, wheremn the cholesterol-based lipid 15 cholesterol and/or
PEGylated cholesterol.

33. The method of anv one of claims 21-32, wherein the mBNA 1s mRNA encoding a protein
J > S

that translates mto the therapeutic protein i vivo.
34, The method of claim 33, wherein the mRNA encoding a protein encodes a polvpeptide.
35. The method of claim 34, wherein the polypeptide 1s a therapeutic polypeptide.

36. The method of claim 35, wherein the therapeutic polypeptide is (a) an anttbody light

chain or an antibody heavy chain, or (b} a polypeptide absent or deficient in the subject.

37. The method of claim 33, wherein the mRNA encoding a protein encodes a peptide.
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38. The method of claim 37, wherein the peptide s an antigen.

39 A method for preparing a lipid nanoparticle encapsulating a aENA, said mcthod

corprising

{a) providing a mixture of one or more cationic hpids, one or morg PEG-modified
lipids and one or more helper lipids, wherein the one or more helper lipids comprises

L.2-Dicrucoyl-sn-glyeero-3-phosphocthanolamine (DEPE); and
(b} forming a lipid nanoparticle form the mixture provided in step (a);

wherein the method further comprises encapsulating the mRNA mto the hipid nanoparticle,
wherein encapsulation takes place before or after formation of the lipid nanoparticle in step
(b).

40. The method of claim 39, wherein the lipid nanoparticle encapsulating the mRNA 15

stable.

41. The method of claim 39 or 40, wherein the one or more helper lipids does not inclode
any one of dicleoviphosphatidylethanolamine (DOPE}, 1,2-Dilinoleovi-sn-glyeero-3-
phosphoethanolamine (DLOPE), 1-palmitoyi-2~-oleovi-sn-glycero-3-phosphocthanolamine

{(POPE}, and/or a combination thereof

42 The method any one of claims 39-41. wherein the DEPE is present in the mixture ata
concentration of between 10 molar percent and 50 molar percent.

43. The method of any one of claims 39-42, wherein the one or more PEG-modified lipids in
the nuxture comprises a poly{cthylene) glveol chain of up to 5 kDa i length covalently
attached to a lipid with alkyi chain(s) of Ce-Cao length.

44 The method of any one of claims 39-43, wherein the mixture further comprises one or
more sterols.

45. The method of claim 44, wherein the one or more sterols comprises a cholesterol-based
hpid.

46. The method of claim 45, wherein the cholesterol-based hipid is cholesterol and/or
PEGylated cholesterol.

47. The method of any one of claims 39-46, wherein the mRNA encodes a therapeutic

peptide, polyvpeptide or protein,
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48. The method of any one of claims 39-47, wherein the mRNA 18 encapsulated into a
preformed lipid nanoparticie.

49. The method of any one of claims 39-48, wherein the method further comprises subjecting
the lipid nanoparticle to tangential flow filtration {TFF) before and/or after encapsulation of

the mRNA.

50. The method of any one of claims 39-49, wherein the method further comprises

formulating the lipid nanoparticle in a trehalose solution.
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