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REDUCTION OR ELIMINATION OF IMMUNE RESPONSES TO NON-
INTRAVENOQUS, e.g., SUBCUTANEQUSLY ADMINISTERED THERAPEUTIC
PROTEINS

RELATED APPLICATIONS
This application claims the benefit under 35S U.S.C. § 119(e) of U.S. provisional
application number 62/482,169, filed April 5, 2017 and U.S. provisional application number
62/484,774, filed April 12, 2017, each of which is incorporated by reference herein in its

entirety.

BACKGROUND

Effective in vivo delivery of active agents such as small molecule drugs, proteins,
peptides, and nucleic acids represents a continuing medical challenge. Some active agents
are recognized by the immune system, resulting in decreased efficacy and, in addition, some
delivery vehicles (e.g., lipid nanoparticles (1.NPs) can also promote immune responses). To
address this issue, certain active agent formulations have incorporated polymers such as
polyethylene glycol which was thought to cloak or mask the agent, thereby reducing its
antigenicity and immunogenicity. However, even these “stealth” formulations have their
Himitations, including an inability to be repeatedly and frequently dosed, for example, over a
period of days without loss of activity.

In addition, some agents or formulations when administered in vivo may interact with
one or more cells or factors, potentially interfering with their functions, and ultimately
resulting in adverse etfects. Such adverse effects may limit the administration frequency

and/or administered dose of the agent, or may preclude in vivo use altogether.

SUMMARY

The present disclosure is based, at least in part, on the discoveries that components of
lipid nanoparticles (LNPs) and/or their active agent, i e., nucleic acid cargo, when
administered by non-intravenous routes, e.g., subcutaneously, intradermally or
intramuscularly, may induce an innate immune response that interferes with robust sustained
expression of protein from the nucleic acid. The diverse immune response which occurs after
a first administration of LNPs and is enhanced on subsequent administrations can cause a
dramatic loss in protein expression, significantly reducing the potential therapeutic effectin a

subject. The LNPs and nucleic acids have an effect on a variety of immune cells and factors
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that effectively act together to reduce levels of expressed protein on subsequent
administrations. The invention involves, in some aspects, the discovery that structural aspects
of the LNPs and cargo can be modified to dampen this immune response, partticularly after
subcutaneous administration, avoiding the loss of protein expression associated with the use
of traditional LNPs and nucleic acids.

In addition, the invention is based, at least in part, on the finding that one or more
inttial administrations of LNPs comprising a polynucleotide encoding a therapeutic protein
via the intravenous route can induce tolerance to one or more subsequent administrations of
the same therapeutic protein. The subsequently administered therapeutic protein may be in
the form of, for example, a polynucleotide encoding the therapeutic protein present in an LNP
or can be in the form of the protein itself. The subsequent administration may be by a
subcutaneous, intramuscular, intradermal, or any non-intravenous route.

In some embodiments components of the LNPs, such as phosphatidylcholine, and of
the nucleic actds may induce the production of natural IgM and/or 1gG molecules, which may
be mediated by activation of B1 cells, such as Bla and/or B1b cells. It has also been
discovered according to the invention that T cells play a role in the unwanted 1mmune
response associated with subsequent administration of nucleic acid containing LNPs. These
biological mechanisms may contribute to drug responses caused by LNPs, including
accelerated blood clearance (ABC) and anti-drug antibodies (ADA). In some embodiments,
LNPs lacking or comprising reduced amounts of these immunostimulatory components can
be employed. Such LINPs may be particularly useful to maintain expression of intracellular
protein upon repeat dosing of LNPs. In one embodiment, expression levels of intraceliular
protein may be maintained upon repeat dosing even without an initial IV dose of LNP
comprising polynucleotide.

In further embodiments the nitial adnunistration of an intracelular protein in an LNP
may be used to avoid an immune response against subsequent doses of other types of
therapeutics. For instance the initial administration of the intraceliular protein may be used to
avoid ABC or ADA responses to subsequent administration of a therapeutic protein or a
polynucieotide encoding a therapeutic protein.

This disclosure provides, in part, novel lipid nanoparticles (LNP) and LNP
formulations with cargo, e.g., modified carge, for subcutaneous administration that are less
susceptible to recognition and thus clearance, by the immune system. The LNP provided

herein have surprisingly improved clearance and in some instances, therapeutic index
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profiles. While not intending to be bound by any particular mechanism or theory, the
improved clearance protfiles are believed to have reduced recognition by and/or binding to
certain immune cells including B and/or T cells and less overall effect on those and other
immune cells and factors. Ideal LINPs include components which minimize immune cell
activation and nucleic acids may include microRNA binding sites and/or chemical
modifications that minimize immune cell activation. The combination of several factors leads
to maximal immune suppression or tolerance to the adminustered drug, allowing the protein to
be effectively expressed from the delivered nucleic acid.

In ancther embodiment, the present disclosure, in some aspects, includes a method for
sequentially delivering lipid nanoparticles (LNPs) incorporating a nuclete acid encoding a
protein {or administering therapeutic proteins themselves) to a subject by non-intravenous
administration, e.g., subcutaneous administration, in order to produce therapeutically
effective amounts of the protein after administering one or more initial doses of LNP
comprising a nucletc acid molecule encoding that protein intravenously to induce tolerance.
For example, in one embodiment the method comprises: administering at least one dose of
LINPs comprising a polynucleotide encoding a therapeutic protein to the subject intravenously
to induce tolerance, and subsequently administering at least one dose of LNPs comprising a
polynucleotide encoding the same therapeutic protein to the subject by a non-intravenous
route, wherein the subject has a reduce immune response or does not have an immune
response that promotes accelerated blood clearance (ABC) and/or anti-drug antibody (ADA)
to the non-intravenously administered therapeutic protein and wherein the subject maintains
an etfective amount of the protein for treating a disease. In one embodiment, sequential
doses are administered within three weeks of one anocther.

In another embodiment, the method comprises: administering at least one dose of
LINPs comprising a polynucleotide encoding a therapeutic protein to the subject intravenously
to induce tolerance, and subsequently administering at least one dose of the same therapeutic
protein (in the form of the protein itself) to the subject by a non-intravenous route, wherein
the subject has a reduce immune response or does not have an immune response that
promotes accelerated blood clearance (ABC) and/or anti-drug antibody (ADA) to the non-
intravencusly administered therapeutic protein and wherein the subject maintains an effective
amount of the protein for treating a disease. In one embodiment, sequential doses are

administered within three weeks of one another.
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In a preferred embodiment, the ENPs of the invention are administered without
coadministration of a tolerogenic agent, i e., the LNPs of the invention lead to expression of
one or more proteins of interest to be expressed in a subject, but do not contain mMRNA
encoding for an additional tolerogenic agent designed to modify the immune response. In
one embodiment, the LNPs of the instant invention and/or the administration protocol
provided herein results in tolerance to a therapeutic protein in the absence of an mRINA
encoding an additional tolerogenic agent. In another preferred embodiment, the LNPs of the
invention are administered without coadministration of a tolerogenic agent, i.e, the LINPs of
the invention lead to expression of one or more proteins of interest to be expressed in a
subject, but an additional tolerogenic agent is not administered as a protein molecule or small
molecule. In one embodiment, the LNPs of the instant invention and/or the admimistration
protocol provided herein results in tolerance to a therapeutic protein in the absence of an
mRNA encoding an additional tolerogenic agent.

In some embodiments, the first dose is administered intravenously. In other
embodiments, ¢.g., when the LNP is modified to reduce immunogenicity and/or when the
polynucieotide encodes an intracellular protein, the first dose is administered subcutaneously.
in some embodiments, a second dose is administered intravenously before the two or more
subsequent doses of LINPs are administered subcutaneously. In further embodiments, a third
dose is administered intravencusly before the two or more subsequent doses of LINPs are
administered subcutaneously. In other embodiments, a fourth, fifth, sixth, or additional dose
is administered intravenously before the two or more subsequent doses of LNPs are
administered subcutaneously.

In other embodiments, after one or more intravenous doses of LINP to induce
tolerance to the cargo present therein, i.¢., the protein expressed by the mRNA, and one or
more subsequent administrations of LNP encoding the therapeutic protein {or subsequent
administrations of therapeutic protein) via a non-intravenous route, additional intravenous
doses of LNP can be administered to tolerize the subject again. For example, if, over time,
the immune response to the therapeutic protein begins to increase {e.g., as measured by ADA
and/or ABC or as measured by reduced levels of protein expression), one or more additional
doses of LNP can be administered intravenously to further promote tolerance prior to
returning to non-1V dosing.

In some embodiments, three subsequent doses of LNPs comprising a polynuclectide

encoding a therapeutic protein {or therapeutic protein itself) are administered subcutaneously.
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in other embodiments, 4-6 subsequent doses of LINPs comprising a polynucleotide encoding
a therapeutic protein {(or therapeutic protein itself) are administered subcutaneously. In one
embodiment, the LNPs encoding the therapeutic protein {or therapeutic protein itself) are
administered chronically to the subject.

In an embodiment, the sequential doses are administered within one month of each
other. In some embodiments, sequential doses are administered within two weeks of one
another. In further embodiments, sequential doses are administered within one week of one
another. In other embodiments, sequential doses are administered within one day of each
other

In some embodiments, the therapeutic protein {(e.g., as encoded by a polynucleotide
such as an mRNA or employed in the form of the protein itself) 15 a secreted protein. In other
embodiments, the protein is an intracethular protetn. In a further embodiment, the proteinis a
membrane-bound protein.

In some embodiments, the immune response that promotes ADA tnvolves activation
of T cells, and the T cells are not activated in the subject to a level which promotes ADA. In
further embodiments, intravenous administration of the LNP induces Treg cells. In another
embodiment, the T cells participate in the maintenance of tolerance to the protein.

In other ernbodiments, the LINPs comprise a helper lipid, which comprises a polar
moiety and a lipidic moiety, linked by a core motety. In further embodiments, the LNPs are
substantially free of phosphatidylcholine (PC). In additional embodiments, the LNPs are
substantially free of phosphatidyiserine (PS). In some embodiments, the helper liptdis a
phosphatidyl choline analog. In other embodiments, the phosphatidyl choline analog
comprises a modified PC head group, a modified PC core group, and/or a modified PC lipid
tail. In some embodiments, the LNPs comprise oleic acid or an oleic acid analog. In other
embodiments, the LNPs are substantially free of PEG or a PEGylated Lipid.

In another embodiment, the LNPs further comprise a PEGylated lipid. In some
embodiments, the PEGylated lipid 1s an alkyl-PEGylated hipid. In another embodiment, the
PEGylated lipid is a methoxy-PEGylated lipid. In a further embodiment, the PEGylated lipid
18 DMG-PEG. In an additional embodiment, the PEGylated lipid is a hydroxy-PEGylated
lipid. In some embodiments, the PEGlyated lipid is less than 0.5% {(w/w). In other

embodiments, the PEGylated lipid is less than 0.25% (w/w).
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In some embodiments, the LNPs further comprise a cationic lipid. In other
embodiments, the cationic lipid is MC3 or DLin-MC3-DMA. In other embodiments, the
cattonic hpid 15 Crupd18.

In some embodiments, the LNPs further comprise a sterol. In other embodiments, the
sterol is cholesterol.

In some embodiments, the LNPs are administered to the subject at multiple doses.

In some embodiments, the nucleic acid 1s an mRNA encoding the protein and the
mRNA comprises at least one microRNA binding site for a microRNA expressed in immune
cells. In further embodiments, the mRNA having at least one microRNA binding site causes
unwanted immune cell activation 1o be reduced or inhibited in the subject.

In some embodiments, the mRNA 1s chemically modified mRNA.

in some embodiments, immune cell activation is decreased by at least 25%. In other
embodiments, immune cell activation is decreased by at least 50%, e.g., as compared to
exposure to exposure to LNP with a different composition or as compared to exposure {0
LNP via a ditferent route, e.g., without one or more first IV administration{s}. In another
embodiment, immune cell activation 13 decreased without a corresponding decrease in
expression of the protein encoded by the mRNA.

In one embodiment, the mRNA 1s unmodified. In some embodiments, the mRNA
comprises a 5' UTR, a codon optimized open reading frame encoding the polypeptide of
interest, a 3' UTR comprising the at least one microRNA binding site, and a 3' tailing region
of linked nucleosides. In other embodiments, the mRNA comprises a 5 UTR and 3'UTR
which are heterologous to the open reading frame.

In some embodiments, the mRNA is fully modified. In further embodiments, the
mRNA comprises pseudouridine (y), pseudouridine (y) and 5-methyl-cytidine (mSC), -
methyl-pseudouridine (mly), -methyl-pseudouridine (mly) and S-methyl-cytidine (m5C),
2-thiouridine (s2U), 2-thiouridine and 5-methyi-cytidine (m3C), S-methoxy-uridine (mo35U},
S~-methoxy-uridine (oSU) and S-methyl-cytidine (mSC), 27-O-methyl uridine, 27-0O-methyl
uridine and 5-methyl-cytidine (m5C}, No-methyl-adenosine (m6A), N6-methyl-adenosine
{m6A) and S-methyl-cytidine (uSC), pseudountdine (), Nl-methylpseudouridine (mly), 2-
thicuridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-
I-methyl-pseudouridine, 2-thio-5-aza-uridine | 2-thio-dihydropseudouridine, 2-thio-
dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-

pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-pseudouridine, S-aza-uridine,
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dihydropsendouridine, S-methoxyuridine, or 27-O-methyl uridine, or combinations thereof.
In other embodiments, the mRNA comprises |-methyl-pseudouridine {mby), S-methoxy-
uridine (moSU), S-methyl-cytidine (m5C), pseudouridine (w), o-thio-guanosine, or u-thio-
adenosine, or combinations thereof.

In some embodiments, the microRNA binding site binds a microRNA expressed in
myeloid cells. In other embodiments, the microRINA binding site binds a microRNA
expressed in plasmacytoid dendritic cells. In some embodiments, the microRNA binding site
binds a microRNA expressed in macrophages. In other embodiments, the microRNA binding
site 18 a miR~-126 microRNA binding site. In another embodiment, the microRINA binding
site 1s a miR~142 microRNA binding site. In further embodiments, the microRNA binding
site 15 a miR-155 microRNA binding site.

In some embodiments, the protein is a therapeutic protein, e.g., a cytokine, growth
factor, antibody, receptor or fusion protein.

In some embodiments, the mRNA comprises at least two microRNA binding sites. In
other embodiments, at least one of the microRNA binding sites s a miR-126 microRNA
binding site. In another embodiment, the mRNA comprises a miR-126 binding site and a
second microRNA binding site for a miR selected from the group consisting of miR-142-3p,
miR-142-5p, miR-146-3p, miR-146-Sp, miR-155, miR-16, miR-21, miR-223, miR-24 and
miR-27. In another embodiment, the mRNA comprises a miR-126 binding site and a miR-
142 binding site.

In some embodiments, the mRNA comprises at least three microRNA binding sites.
In further embodiments, at least one of the microRNA binding sites is a miR-126 microRNA
binding site.

In some embodiments, the chemically modified mRNA comprises a miR-126 binding
site and a second microRNA binding site for a miR selected from the group consisting of
miR-142-3p, miR-142-5p, miR-146-3p, miR-146-5p, miR-155, miR-16, miR-21, miR-223,
miR-24 and miR-27.

In some embodiments, the mRNA comprises at least four microRNA binding sites. In
further embodiments, the mRNA comprises a miR-126 binding site, a miR-142-3p binding
site, a miR~142-5p binding site, and a miR-155 binding site.

In some embodiments, a first dose of LNP comprises a polynucleotide encoding a
therapeutic protein having at least one, two, three or four microRNA binding sites. In some

embodiments, a second dose of LNP comprises a polynucieotide encoding a therapeutic
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protein having at least one, two, three or four microRNA binding sites. In some
embodiments, a first and second or subsequent dose of LNP comprises a polynucleotide
encoding a therapeutic protein having at least one, two, three or four microRNA binding
sites.

In some embodiments, the codon optimized open reading frame encoding the protein
comprises a stop codon and wherein the at least one microRNA binding site is located within
the 3 UTR 1-100 nucleotides atter the stop codon. In other embediments, the codon
optimized open reading frame encoding the polypeptide of interest comprises a stop codon
and wherein the at least one microRNA binding site is located within the 3° UTR at least 50
nucleotides after the stop codon.

The present disclosure, in some aspects, includes a method 1n a subject of increasing a
therapeutic index of a therapeutic regimen involving lipid nanoparticte (LNP)}-mediated
nucleic acid drug delivery, by non-intravenously {e.g., subcutaneously) administering ENPs
comprising a nucletc acid encoding a therapeutic protein to the subject in multiple doses or a
therapeutic regimen involving non-intravenously administering a therapeutic protein itself,
each dose sequentially administered (e.g., within three weeks of another dose), wherein the
LNPs or the therapeutic protein do not induce an immune response associated with reduced
protein expression {or induce a lower immune response), such that an increased therapeutic
index of the therapeutic regimen is achieved relative to administration of an LNP comprising
a nucleic acid encoding a therapeutic protein (or administration of a therapeutic protein itself)
that induces an immune response associated with reduced protein expression. As is set forth
above, the increased therapeutic index is achieved by using LNPs that result in reduced
fmmune responses owing to their composition and/or by use of an intravenous tolerizing
regime prior to administration of a therapeutic composition {e.g., an LNP comprising a
polynucieotide or a therapeutic protein) via a non-intravenous route.

Another aspect of the present disclosure includes a pharmaceutical composition of a
subcutaneous formulation comprising a lipid nanoparticle (LNP) comprising a cationic lipid,
a PEG-lipid, a stercl, and a helper lipid and an mRNA encoding a protein incorporated
therein, wherein the mRNA comprises at least one mictoRNA binding site for a microRNA
expressed in immune cells, wherein the LNP and/or microRNA binding site increases a
therapeutic index greater than 10% relative to a chemically modified mRNA encoding a

protein alone.
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In some embodiments, the LNP and/or microRNA binding site reduce or inhibit
unwanted immune cell activation, thereby reducing accelerated blood clearance (ABC)
and/or anti-drug antibody (ADA) and 1ncreasing the therapeutic index.

In some embodiments, the microRNA is abundant in the same or different cell type
of interest. In another embodiment, the microRNA is abundant in multiple cell types of
interest.

In some embodiments, the mRNA comprises at feast one first microRNA binding site
of @ microRNA abundant in an immune cell of hematopoietic lineage and at least one second
microRNA binding site is of a microRNA abundant in endothelial cells,

In some embodiments, the mRNA comprises at least one first microRNA binding site
of a microRNA abundant in B cells and at least one second microRNA binding site of a
microRINA abundant in endothelial cells. In other embodiments, the mRNA comprises at
least one first microRNA binding site of a microRNA abundant in plasmacytoid dendritic
cells and at least one second microRNA binding site of a microRINA abundant in endothelial
cells. In further embodiments, the mRNA comprises multiple copies of a first microRNA
binding site and at least one copy of a second microRNA binding site.

In some embodiments, the mRNA comprises 2 copies of the first microRNA binding
site. In other embodiments, the mRNA comprises first and second microRNA binding sites
of the same microRNA. In another embodiment, the microRNA binding sites are of the 3p
and Sp arms of the same microRNA.

In some embodiments, the microRNA is selected from the group consisting of miR-
126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16, miR-21, miR-223, miR-24,
miR-27 and miR-26a. In other embodiments, the microRNA is selected from the group
consisting of miR126-3p, miR-142-3p, miR-142-5p, and miR-155. In one embodiment, at
fcast one mucroRNA binding site 15 a miR-126 binding site. In avother ermnbodiment, at least
one microRNA binding site is a miR-142 binding site. In some embodiments, one microRNA
binding site is a miR-~126 binding site and the second microRNA binding site is for a
microRNA selected from the group consisting of miR-142-3p, miR-142-5p, miR-146-3p,
miR-146-5p, miR-155, miR-16, miR-21, muR-223, miR-24 and niR-27. In other
embodiments, the composition comprises at least one miR-126-3p binding site and at least
one miR-142-3p binding site. In another embodiment, the composition comprises at least one

miR-142-3p binding site and at least one 142-5p binding site.
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In some embodiments, the composition comprises at least three different microRNA
binding sites, wherein at least one of the microRNA binding sites 15 a miR-126 binding site.
In other embodiments, the composition comprises at least three different microRNA binding
sites, and at least one of the microRNA binding sites is a miR-142 binding site. In further
embodiments, the composition comprises at feast one miR-126-3p binding site, at least one
miR-142-3p, and a third microRNA binding site for 2 microRNA selected from the group
consisting of miR-~-146-3p, miR-146-5p, miR-155, miR-16, miR-21, miR-223, miR-24 and
miR-27. In another embodiment, the composition comprises at least one miR-126-3p binding
site, at least one miR-142-3p binding site, and at least one miR-~155 binding site. In a further
embodiment, the composition comprises at least one miR-126-3p binding site, at least one
miR-142-3p binding site, at least one miR-142-5p binding site, and at least one miR-155
binding site.

Certain of the LNPs provided herein comprise a cationic lipid, a helper lipid, a
structural lipid, and a stabilizer which may or may not be provided conjugated to another
lipid.

The cationic liptd may be but is not limited to DLin-DMA, DLin-D-DMA, DLin-
MC3-DMA, DLin-KC2-DMA and DODMA. The cationic lipid may be an tonizable lipid.

The structural lipid may be but is not limited to a sterol such as for example
cholesterol.

The helper lipid in the LNP is an amphiphilic surface active lipid, or surfactant. In
some embodiments it is a non-cationic lipid.  The helper lipid may comprise at least one non-
polar chain and at least one polar headgroup moiety. A helper lipid may also be referred to as
a complementary liptd i.e. the lipid functions to “complement” the amino lipid and increase
the fusogenicity of the bilayer to help endosomal escape. In some embodiments the non-
polar chain 1s a lipid. In other embodiments it is a fatty acid of at least 8C . Tn exerplary
embodiments, the helper lipid is non-naturally occurring (e.g., not naturally occurring in
human subjects) or is exogenous.

Certain of the LNPs lack any phosphatidyl choline (PC} lipids (i.e., are free of
phosphatidyl choline (PC)). Certain of the LNPs provided herein lack specific phosphatidyl
choline lipids such as but not limiting to DSPC. Certain of the LNPs comiprise a
phosphatidyl choline analog, such analogs comprising modified head groups (e.g., a modified
quaternary amine head group), modified core group, and/or modified lipid tail group. Such

analogs may comprise a zwitterionic group that i1s a non-PC zwitterionic group.
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Certain LNPs comprise other helper non-cationic lipids including for example oleic
acid or oleic acid analogs. The helper hipid may be a lipid of Formula IV as provided herein.

The stabilizer may be polyethylene glycol (PEG). PEG may be conjugated to a lipid
and thus may be provided as PEG-¢c-DOMG or PEG-DMG, for example. The stabilizer,
whether provided 10 a conjugated or an unconjugated form, may comprise 1.5 mol % of the
LNP, or it may comprise fess than 0.5 mol % of the LNP. For example, it may comprise less
than 0.4 mol %, less than 0.3 mol %, less than 0.2 mol %, or less than 0.1 mol %. Each
possibility represents a separate embodiment of the present invention.

Certain of the LNPs provided herein comprise no or low levels of PEGylated lipids,
including no or low levels of alkyl-PEGvlated lipids, and may be referred to herein as being
free of PEG or PEGylated lipid. Thus, some LNPs comprise less than 0.5 mol % PEGylated
lipid. In some instances, PEG may be an alkyl-PEG such as methoxy-PEG. Still other LNPs
comprise non-alkyl-PEG such as hydroxy-PEG, and/or non-alkyi-PEGylated lipids such as
hydroxy-PEGylated lipids. Hach possibility represents a separate embodiment of the present
invention.

The PEGylated lipid may be a Conpd396, Copd394, Cmpd397, or Conpd395. Each
possibility represents a separate embodiment of the present invention.

In some instances, the LNP may comprise about 50 meol % cationic lipid, 10 mol %
helper lipid, 1.5 mol % PEGylated lipid, and 38.5 mol % structural lipid.

In some instances, the LNP may comprise about 50 mol % cationic lipid, 10 mol %
helper lipid, less than 0.5 mol % PEGylated lipid, and 39.5 mol % structural lipid. Each
possibility represents a separate embodiment of the present invention.

These and other embodiments and aspects will be discussed in greater detail herein.
Each of the limitations of the invention can encompass various embodiments of the invention.
ft is, therefore, anticipated that each of the limitations of the invention involving any one
element or combinations of elements can be included in each aspect of the invention. This
invention is not limited in its application to the details of construction and the arrangement of
components set forth in the following description or illustrated in the drawings. The
invention 15 capable of other embodiments and of being practiced or of being carried out in

Various ways.
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BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 consists of two graphs showing the etfects of intravenous (IV) and
subcutaneous (SC) admirnistration of repeat doses of miR 142 and 126.

Fig. 2 1s a graph showing the results of SC administration after six IV doses. The
group receiving the Compound 18 PEG steric OH formulation was sacrificed after two doses,
and the group receiving the Compound 18 DSPE methoxy PEG formulation was sacrificed
after four doses.

Fig. 3 shows the concentration of IgM in mice two weeks after SC or IV
administration with the indicated formulations.

Fig. 4 shows the concentration of IgM in mice four weeks after SC or IV
administration with the indicated formulations.

Fig. S shows the concentration of IgM n mice six weeks after 5C administration with
the indicated formulations (six total SC doses}.

Fig. 6 shows the concentration of IgM in mice eight weeks after IV and SC
administration with the indicated formulations. The mice were administered weekly IV doses
for six consecutive weeks, followed by weekly SC doses for two consecutive weeks.

Fig. 7 shows the results of SC bioluminescence imaging (BLI) {top) and IV BLI
(bottom) following luciferase admunistration at different time points.

Fig. 8 shows hEPO concentration following repeated SC administration in nude and
wild-type mice.

Fig. 9 shows IgM concentrations in serum two weeks (left) and four weeks {right)
after SC hEPO administration in nude and wild-type mice.

Fig. 10 shows the concentration of anti-EPO antibody in the serum of nude and wild-
type mice. The SC positive controls underwent weekly dosing of 10 ug EPO protein during
weeks 1-3, and then 10 pg EPO 1o liptd nanoparticles (LNP) on weeks 4 and 5.

Fig. 11 shows T cell frequencies in different formulations.

Fig. 12 shows anti-EPO antibody serum concentrations in nude and wild-type mice
following SC injections of the indicated formulations at different time points.

Fig. 13 shows EPO expression following repeat dosing at different sites using the
formulations indicated.

Fig 14 shows T cell frequencies following repeat dosing at ditferent sites using the

formulations indicated.
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Fig. 15 shows activated T cell frequencies following repeat dosing at different sites
using the formulations indicated.

Fig. 16 shows anti-PEG IgM concentrations following administration of six repeated
1V doses of an EINP formulation (1/week; predosing) followed by six repeated subcutaneous
doses of the LNP formulation (1/week) at the concentrations indicated. Samples after
baseline were taken 24 hours after dosing {e.g., D1H?24 represents the sample taken 24 hours
after the Day 1 dose).

Fig. 17 shows anti-PC IgM concentrations following administration of six repeated IV
doses of an LNP formulation (1/week; predosing) followed by six repeated subcutaneous

doses of the LNP formulation (1/week) at the concentrations indicated.

DETAILED DESCRIPTION

in one embodiment, this disclosure provides lipid-comprising compounds and
compositions that have improved properties as well as methods of delivering these LNPs to
reduce or eliminate immune responses to therapeutic proteins that are repetitively
administered. While ordinarily nucleic acids such as mRINA formulated in LNPs are
associated with delivery 1ssues such as the developrent of an immune response (including
ABC, ADA, toxicity, and lack of tolerance} that resulis in loss of functional protein
expression from the RNA, the methods and products described herein are associated with
enhanced properties leading to drug formulations with improved therapeutic index. The
improved formulations may affect any one or more or all of ABC, ADA, toxicity, and fack of
tolerance in a manner that results in more efficient delivery of drug to a subject with minimal
toxic effect.

Liptd-comprising compounds and compositions are compositions that comprise or are
conjugated to one or more lipids. These agents may be referred to herein as lipid-conjugated
agents or lipidated agents or lipid nanoparticles (LNPs).

In ancther embodiment, this disclosure provides improved compounds and
compositions for reducing or eliminating unwanted immune respounses, ABC, ADA, lack of
tolerance and toxicity upon in vive administration and, in particular, upon subcutanecus
administration. Subcutaneous administration of LINPs has been associated with expression
problems in a multi dose therapeutic regimen. The data presented in the examples evaluated
the effect of delivering a therapeutic nucleic acid by a subcutaneous (SC) route to a subject
after delivering at least one IV dose to the subject. In particular the studies examined the

etfect of this dosing regimen (i.e., initial IV dosing followed by non-IV, e.g., SC dosing) on
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the development of tolerance. It was established that SC administration of LNP mRNA
encoding a secreted protein resulted in an observed loss in protein expression at 4 weeks, and
by 6 weeks all groups were at baseline. Additionally, the IV data was consistent with
previous findings with little to no change in exposure over the ¢ week time course, although
there did seem to be a slight increase in ‘non-responders’ as the number of doses increased.
However, quite surprisingly, when the animals were dosed SC after receiving at least one
dose of LNP IV, protein expression levels were maintained over multiple doses, with the muR
formulations showing less non-responders than non-miR formulations, although slightly
below the first dose.

Also, surprisingly it was found that while subcutaneous administration of mRNA
encoding secreted proteins resulted in protein loss after several rounds of administration,
mRNA enceding intracellular proteins did not experience the same loss of protein expression.
After 4 doses there was a slight loss in protein expression {(activity ), but significantly lower
than that observed with secreted proteins.

Additionally the breadth of the immune response involved in the process of
decreasing protein expression was demounstrated. Not only does the imrune response
contributing to protein loss involve B cells and cytokines, but T cells appear to play an
important role. The data presented in the examples tests the effect of T-cells on the loss in
protein expression by using nude mice (which lack T cells}) as compared to wild type (WT)
mice. After 4 doses the typical loss of protein expression and immune readouts in WT mice
were cbiserved. In contrast the nude mice all maintained protein expression regardiess of
formulation or dosing, anti-PEG IgM, or anti-drug antibodies. The data indicates that loss of
protein expression is due at least in part to T cells. Further, in a separate experiment, anti-
PEG IgM was found to be significantly increased in the group that did not receive
intravenous predosing, indicating that the IV predosing regimen, even at different
concentrations, influences the immune response to subsequent subcutaneous doses and
decreases accelerate blood clearance (ABC) as discussed herein. The data presented in the
examples also demonstrate that IV pre-dosed animals have higher levels of expression and
fower levels of anti-drug antibodies (ADA) than those which recetve SC dosing without IV

predosing.
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Accelerated Blood Ulearance

One aspect of the invention provides compounds, compositions and methods of use
thereof for reducing the effect of ABC on a repeatedly administered active agent such as a
biologically active agent. As will be readily apparent, reducing or eliminating altogether the
effect of ABC on an adnunistered active agent etfectively increases its half-life and thus its
efficacy.

In some embodiments the term reducing ABC refers to any reduction in ABC in
comparison to a positive reference control ABC inducing LNFP such as an MC3 LNP. ABC
inducing LNPs cause a reduction in circulating levels of an active agent upon a second or
subsequent administration within a given time frame. Thus, a reduction in ABC refers to a
reduction in observed clearance of circulating agent upon a second or subsequent dose of
agent, relative to a standard LNP. The reduction may be, for instance, at least 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 753%, 80%, 85%, 90%, 95%,
98%, or 100%. In some embodiments the reduction is 10-100%, 10-50%, 20-100%, 20-50%
30-100%, 30-50%, 40%-100%, 40-80%, 50-90%, or 50-100%. Alternatively, the reduction in
ABC may be characterized as at least a detectable level of circulating agent following a
second or subsequent administration or at least a 2 fold, 3 fold, 4 fold, 5 fold increase in
circulating agent relative to circulating agent following administration of a standard LNP. I
some embodiments the reduction is a 2-100 fold, 2-50 fold, 3-100 fold, 3-50 fold, 3-20 fold,
4-100 fold, 4-50 fold, 4-40 fold, 4-30 fold, 4-25 fold, 4-20 fold, 4-15 fold, 4-10 fold, 4-5 fold,
5 -100 fold, 5-50 fold, 5-40 fold, 5-30 told, 5-25 fold, 5-20 fold, 5-15 fold, 5-10 foid, 6-100
fold, 6-50 fold, 6-40 fold, 6-30 fold, 6-25 fold, 6-20 fold, 6-15 fold, 6-10 fold, 8-100 fold, 8-
50 fold, 8-40 fold, 8-30 fold, 8-25 fold. 8-20 fold, 8-15 fold, 8-10 fold, 10-100 fold, 10-50
fold, 10-40 fold, 10-30 fold, 10-25 fold, 10-20 fold, 10-15 fold, 20-100 fold, 20-50 fold, 20-
40 fold, 20-30 fold, or 20-25 fold.

In one embodiment, the disclosure provides lipid-comprising compounds and
compositions that are less susceptible to clearance and thus have a longer half-life in vivo.
This is particularly the case where the compositions are intended for repeated including
chronic administration, and even more particularly where such repeated administration occurs
within days or weeks.

Significantly, these compositions are less susceptible or altogether circumvent the
observed phenomenon of accelerated blood clearance (ABC). ABC is a phenomenon in

which certain exogenously administered agents are rapidly cleared from the blood upon
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second and subsequent administrations. This phenomenon has been observed, in part, for a
variety of lipid-containing compositions including but not limited to lipidated agents,
fiposomes or other lipid-based delivery vehicles, and hipid-encapsulated agents. Heretofore,
the basis of ABC has been poorly understood and in some cases attributed to a humoral
immune response and accordingly strategies for Hmiting s impact in vivo particularly in a
clinical setting have remained elusive.

In another embodiment, this disclosure provides a dosing administration protocol that
results in reduced ABC which protocol involves first administering LNPs comprising a
polynucleotide encoding a therapeutic protein intravenously one or more times. The protocol
then involves subsequent administration of the same therapeutic protein or LNPs comprising
a polynucleotide encoding the same therapeutic protein by a non-IV route one or more fimes,

This disclosure provides compounds and compositions that are iess susceptible, if at
all susceptible, to ABC. In some important aspects, such compounds and compositions are
lipid-comprising compounds or compositions. The lipid-containing compounds or
compositions of this disclosure, surprisingly, do not experience ABC upon second and
subsequent administration in vivo., This resistance to ABC renders these compounds and
compositions particularly suitable for repeated use in vivo, including for repeated use within
short periods of time, including days or 1-2 weeks. This enhanced stability and/or half-life 15
due, in part, to the inability of these compositions to activate Bla and/or B1b cells and/or
conventional B cells, pDCs and/or platelets.

This disclosure therefore provides an elucidation of the mechanism underlying
accelerated blood clearance (ABC). It has been found, in accordance with this disclosure and
the inventions provided herein, that the ABC phenomenon at east as it relates to lipids and
lipid nanoparticles 1s mediated, at least in part an innate immune response involving Bla
and/or B1b cells, pDC and/or platelets.  Bla cells are normally responsible for secreting
natural antibody, in the form of circulating IgM. This IgM is poly-reactive, meaning that it is
able to bind to a variety of antigens, albeit with a relatively low affinity for each.

It has been found in accordance with the invention that some lipidated agents or lipid-
comprising formulations such as lipid nanoparticles adounistered /s vivo trigger and are
subject to ABC. It has now been found in accordance with the invention that upon
administration of a first dose of the LNP, one or more cells involved in generating an innate
immune response {referred to herein as sensors) bind such agent, are activated, and then

initiate a cascade of immune factors (referred to herein as effectors) that promote ABC and
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toxicity. For instance, Bla and B1b cells may bind to LNP, become activated (alone or 1n the
presence of other sensors such as pDC and/or effectors such as IL6) and secrete natural 1gM
that binds to the LNP. Pre-existing natural IgM in the subject may also recognize and bind to
the LNP, thereby triggering complement fixation. After administration of the first dose, the
production of natural IgM begins within 1-2 hours of administration of the LNP. Typically
by about 2-3 weeks the natural IgM is cleared from the system due to the natural half-life of
fgM. Natural IgG 1s produced begioning around 96 hours after adnunistration of the LNP.
The agent, when administered in a naive setting, can exert its biological effects relatively
unencumbered by the natural IgM produced post-activation of the Bla cells or B1b cells or
natural 1gG. The natural 1gM and natural IgG are non-specific and thus are distinct from
anti-PEG IgM and anti-PEG 1gG.

Although Applicant i1s not bound by mechanism, it is proposed that LNPs trigger ABC
and/or toxicity through the following mechanisms. It is believed that when an LNP is
administered to a subject the LNP 1s rapidly transported through the blood to the spleen. The
LNPs may encounter immune celis in the blood and/or the spleen. A rapid innate immune
response 1s triggered in response to the presence of the LNP within the blood and/or spleen.
Applicant has shown herein that within hours of administration of an LNP several immune
sensors have reacted to the presence of the LNP. These sensors include but are not limited to
immune cells involved in generating an immune response, such as B cells, pDC, and
platelets. The sensors may be present in the spleen, such as in the marginal zone of the spleen
and/ot in the blood. The LNP may physically interact with one or more sensors, which may
interact with other sensors. In such a case the LNP is directly or indirectly interacting with
the sensors. The sensors may interact directly with one another in response to recognition of
the LNP. For instance many sensors are located in the spleen and can easily interact with one
another. Alternatively, one or more of the sensors may interact with NP in the blood and
become activated. The activated sensor may then interact directly with other sensors or
indirectly (e.g., through the stimulation or production of a messenger such as a cytokine e.g.,
L6).

In some embodiments the NP may interact directly with and activate each of the
following sensors: pDC, Bla cells, B1b cells, and platelets. These cells may then interact
directly or indirectly with one another to initiate the production of effectors which ultimately
jead to the ABC and/or toxicity associated with repeated doses of LNP. For instance,

Applicant has shown that LNP administration leads to pDC activation, platelet aggregation
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and activation and B cell activation. In response to LNP platelets also aggregate and are
activated and aggregate with B cells. pDC cells are activated. LNP has been found to
interact with the surface of platelets and B cells relatively quickly. Blocking the activation of
any one or combination of these sensors in response to LNP is useful for dampening the
immune response that would ordinanly occur. This dampening of the immune response
results in the avoidance of ABC and/or toxicity.

The sensors once activated produce effectors. An effector, as used herein, 13 an
immune molecule produced by an immune cell, such as a B cell. Effectors include but are not
limited to immunoglobulin such as natural IgM and natural IgG and cytokines such as IL6.
Bla and B1b cells stunulate the production of natural IgMs within 2-6 hours following
administration of an LNP. Natural IgG can be detected within 96 hours. IL6 levels are
increased within several hours. The natural IgM and IgG circulate in the body for several
davs to several weeks. During this time the circulating effectors can interact with newly
administered LNPs, triggering those LNPs for clearance by the body. For instance, an
effector may recognize and bind to an LINP. The Fc region of the effector may be recognized
by and trigger uptake of the decorated LNP by macrophage. The macrophages are then
transported to the spleen. The production of effectors by immune sensors is a transient
response that correlates with the timing observed for ABC.

If the administered dose is the second or subsequent administered dose, and if such
second or subsequent dose is administered before the previously induced natural IgM and/or
IgG is cleared from the system {e.g., before the 2-3 week time period), then such second or
subsequent dose 1s targeted by the circulating natural IgM and/or natural IgG or Fc which
trigger alternative complement pathway activation and is itself rapidly cleared. When LNP
are administered after the effectors have cleared from the body or are reduced in number,
ABC is not observed.

Thus, it is useful according to aspects of the invention to inhibit the interaction
between LINP and one or more sensors, to inhibit the activation of one or more sensors by
LNP {direct or indirect), to inhibit the production of one or more eftectors, and/or to inhibit
the activity of one or more etfectors. In some embodiments the LNP is designed to limit or
block interaction of the LNP with a sensor. For instance the LNP may have an altered PC
and/or PEG to prevent interactions with sensors. Alternatively or additionally an agent that
inhibits immune responses induced by L.INPs may be used to achieve any one or more of these

etfects. In some embodiments the LNP has a typical PC, such as DSPC, and/or PEG.



10

20

WO 2018/187590 PCT/US2018/026286
19

it has also been determined that conventional B cells are also implicated in ABC.
Specifically, upon first administration of an agent, conventional B cells, referred to herein as
CD19(+), bind to and react against the agent. Unlike Bla and B1b cells though, conventional
B cells are able to mount first an IgM response (beginning around 96 hours after
administration of the LNPs) followed by an 1gG response (beginning around 14 days after
administration of the LNPs) concomitant with a memory response. Thus conventional B cells
react against the administered agent and contribute to IgM (and eventually IgG) that mediates
ABC. The IgM and IgG are typically anti-PEG IgM and anti-PEG IgG.

It is contemplated that in some instances, the majority of the ABC response 13
mediated through Bla cells and Bla-mediated immune responses. It is further contemplated
that in some instances, the ABC response 1s mediated by both IgM and IgG, with both
conventional B cells and Bla cells mediating such effects. In yet still other instances, the
ABC response is mediated by natural IgM molecules, some of which are capable of binding
to natural IgM, which may be produced by activated Bla cells. The natural IgMs may bind
to one or more components of the LNPs, e.g., binding to a phospholipid component of the
L.NPs {(such as binding to the PC moiety of the phospholipid) and/or binding to a PEG-hipid
component of the LNPs (such as binding to PEG-DMG, in particular, binding to the PEG
moiety of PEG-DMG). Since Bla expresses CD36, to which phosphatidylcholine is a ligand,
it is contemplated that the CD306 receptor may mediate the activation of Bla cells and thus
production of natural IgM. In vet still other instances, the ABC response is mediated
primarily by conventional B cells.

It has been found in accordance with the invention that the ABC phenomenon can be
reduced or abrogated, at least in part, through the use of compounds and compositions (such
as agents, delivery vehicles, and formulations) that do not activate Bla cells. Compounds
and compositions that do not activate Bla cells may be referred to herein as Bla inert
compounds and compositions. It has been further found in accordance with the invention that
the ABC phenomenon can be reduced or abrogated, at least in part, through the use of
compounds and compositions that do not activate conventional B cells. Compounds and
compositions that do not activate conventional B cells may in some embodiments be referred
to herein as CD19-inert compounds and compositions. Thus, in some embodiments provided
herein, the compounds and compositions do not activate Bla cells and they do not activate

conventional B cells. Compounds and composttions that do not activate Bla cells and
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conventional B cells may in some embodiments be referred to herein as Bla/CD19-inert
compounds and compositions.

These underlying mechanisms were not heretofore understood, and the role of Bla
and B1b cells and their interplay with conventional B cells in this phenomenon was also not
appreciated.

Accordingly, in one embodiment, this disclosure provides compounds and
compositions that do not promote ABC. These may be further characterized as not capable of
activating Bla and/or B1b cells, platelets and/or pD(, and optionally conventional B cells
also. These compounds {e.g., agents, including biologically active agents such as
prophylactic agents, therapeutic agents and diagnostic agents, delivery vehicles, including
liposomes, lipid nanoparticles, and other lipid-based encapsulating structures, efc ) and
compositions {e.g., formulations, efc ) are particularly desirable for applications requiring
repeated administration, and in particular repeated administrations that occur within with
short periods of time {e.g., within 1-2 weeks}. This is the case, for example, if the agentis a
nucleic acid based therapeutic that is provided to a subject at regular, closely-spaced
intervals. The findings provided herein may be applied to these and other agents that are
similarly administered and/or that are subject to ABC.

Of particular interest are lipid-comprising coropounds, lipid-comprising particles, and
lipid-comprising compositions as these are known to be susceptible to ABC. Such lipid-
comprising compounds particles, and compositions have been used extensively as
biologically active agents or as delivery vehicles for such agents. Thus, the ability to
improve their efficacy of such agents, whether by reducing the effect of ABC on the agent
itself or on its delivery vehicle, is beneficial for a wide variety of active agents.

Also provided herein are compositions that do not stimulate or boost an acute phase
response {ARP) associated with repeat dose administration of one or more biologically active
agents.

The composition, in some instances, may not bind to IgM, including but not liraited to
natural IgM.

The composition, in some 1nstances, may not bind to an acute phase protein such as
but not limited to C-reactive protein.

The composition, in some instances, may not trigger a CD5(+) mediated immune

response. As used herein, a CDS(+) mediated immune response is an immune response that
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is mediated by Bla and/or B1b cells. Such a response may inchude an ABC response, an
acute phase response, induction of natural IgM and/or IgG, and the like.

The composition, 1n some instances, roay not trigger a CD19(+) mediated immune
response. Asused herein, a CD19(+) mediated immune response is an immune response that
is mediated by conventional CD19(+), CD53(-) B cells. Such a response may include
induction of IgM, induction of Ig(, induction of memory B cells, an ABC response, an anti-
drug antibody (ADA) response including an anti-protein response where the protein may be
encapsulated within an LNP, and the like.

Bla cells are a subset of B cells involved in innate immunity. These cells are the
source of ctrculating 1gM, referred to as natural antibody or natural serum antibody. Natural
fgM antibodies are characterized as having weak affinity for a number of antigens, and
therefore they are referred to as “poly-specific” or “poly-reactive”, indicating their ability to
bind to more than one antigen. Bla cells are not able to produce IgG. Additionally, they do
not develop into memory cells and thus do not contribute to an adaptive immune response.
However, they are able to secrete IgM upon activation. The secreted IgM is typically cleared
within about 2-3 weeks, at which point the immune system 1s rendered relatively naive to the
previously administered antigen. If the same antigen 1s presented after this time period (e.g.,
at about 3 weeks after the initial exposure), the antigen 1s not rapidly cleared. However,
significantly, if the antigen is presented within that time period (e.g., within 2 weeks,
including within I week, or within days}), then the antigen is rapidly cleared. This delay
between consecutive doses has rendered certain lipid-containing therapeutic or diagnostic
agents unsuitable for use.

In humans, Bla cells are CDI9(+), CD20(+), CD27(+), CD43(+), CDT70(-) and
CD5(+). In mice, Bla cells are CD19(+), CD5(+), and CD45 B cell isoform B220(+). ftis
the expression of CDS which typically distinguishes Bla cells from other convention B cells.
Bla cells may express high levels of CDS5, and on this basis may be distinguished from other
B-1 cells such as B-1b cells which express low or undetectable levels of CD5. CDS is a pan-
T cell surface glycoprotein. Bla cells also express CD36, also known as fatty acid
translocase. CD36 is a member of the class B scavenger receptor family. CD36 can bind
many ligands, including oxidized low density lipoproteins, native lipoproteins, oxidized
phospholipids, and long-chain fatty acids.

B1b cells are another subset of B cells involved in innate immunity. These cells are

another source of circulating natural IgM. Several antigens, including PS, are capable of
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inducing T cell independent immunity through B1b activation. CD27 is typically upregulated
on Blb cells in response to antigen activation. Similar to Bla cells, the Bib cells are typically
focated in specific body locations such as the spleen and peritoneal cavity and are in very low
abundance in the blood. The B1b secreted natural IgM is typically cleared within about 2-3
weeks, at which point the immune system is rendered relatively naive to the previously
administered antigen. If the same antigen is presented after this time period {e.g., at about 3
weeks after the irutial exposure), the antigen 1s not rapidly cleared. However, significantly, if
the antigen is presented within that time period (e.g., within 2 weeks, including within 1
week, or within days), then the antigen is rapidly cleared. This delay between consecutive
doses has rendered certain lipid-containing therapeutic or diagnostic agents unsuitabie for
use.

In some embodiments it is desirable to block Bla and/or B1b cell activation. One
strategy for blocking Bla and/or B1b cell activation involves determining which components
of a lipid nanoparticle promote B cell activation and neutralizing those components. It has
been discovered herein that at least PEG and phosphatidyicholine (PC) contribute to Bla and
B1b cell interaction with other cells and/or activation. PEG may play a role in promoting
aggregation between B1 cells and platelets, which may lead to activation. PC (a helper lipid
in LINPs) 1s also involved in activating the B1 cells, likely through interaction with the CD36
receptor on the B cell surface. Numerous particles have PEG-lipid alternatives, PEG-less,
and/or PC replacement lipids {e.g. oleic acid or analogs thereof) have been designed and
tested. Applicant has established that replacement of one or more of these components
within an LNP that otherwise would promote ABC upon repeat administration, is useful in
preventing ABC by reducing the production of natural IgM and/or B cell activation. Thus, the
invention encompasses LINPs that have reduced ABC as a result of a design which eliminates
the inclusion of B cell triggers.

Another strategy for blocking Bla and/or B1b cell activation involves using an agent
that inhibits immune responses induced by LNPs. These types of agents are discussed in
more detail below. In some embodiments these agents block the interaction between Bla/Blb
cells and the LNP or platelets or pDC. For instance the agent may be an antibody or other
binding agent that physically blocks the interaction. An example of this is an antibody that
binds to CD36 or CD6. The agent may also be a compound that prevents or disables the
Bia/B1b cell from signaling once activated or prior to activation. For instance, if ts possible

to block one or more components in the Bla/B1b signaling cascade the results from B cell
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interaction with LNP or other immune cells. In other embodiments the agent may act one or
more effectors produced by the Bla/B1b cells following activation. These effectors include
for instance, natural IgM and cytokines.

It has been demonstrated according to aspects of the invention that when activation of
pDC celis is blocked, B cell activation in response to LNP is decreased. Thus, in order to
avoid ABC and/or toxicity, it may be desirable to prevent pDC activation. Similar to the
strategies discussed above, pBC cell activation may be blocked by agents that interfere with
the interaction between pDC and LNP and/or B celis/platelets. Alternatively agents that act
on the pDC to block its ability to get activated or on its effectors can be used together with
the LNP to avoid ABC.

Platelets also play an important role in ABC and toxicity. Very quickly after a first
dose of LINP is administered to a subject platelets associate with the LNP, aggregate and are
activated. In some embodiments it 1s desirable to block platelet aggregation and/or activation.
One strategy for blocking platelet aggregation and/or activation involves determining which
components of a lipid nanoparticle promote platelet aggregation and/or activation and
neutralizing those components. It has been discovered herein that at least PEG contribute to
platelet aggregation, activation and/or interaction with other cells. Numerous particles have
PEG-lipid alternatives and PEG-less have been designed and tested. Applicant has
established that replacement of one or more of these components within an LNP that
otherwise would promote ABC upon repeat adnunistration, is useful in preventing ABC by
reducing the production of natural IgM and/or platelet aggregation. Thus, the invention
encompasses LNPs that have reduced ABC as a result of a design which eliminates the
inclusion of platelet triggers. Alternatively agents that act on the platelets to block its activity

once it 15 activated or on its effectors can be used together with the LNP to avoid ABC.

Measuring ABC Activity and related activities

Various compounds and compositions provided heretn, including LNPs, do not
promote ABC activity upon administration in vive. These LINPs may be characterized and/or
identified through any of a number of assays, such as but not limnited to those described
below, as well as any of the assays disclosed in the Examples section, include the methods
subsection of the Examples.

In some embodiments the methods involve administering an LNP without producing

an immune response that promotes ABC. An immune response that promotes ABC involves
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activation of one or more sensors, such as Bl cells, pDC, or platelets, and one or more
etfectors, such as natural IgM, natural IgG or cytokines such as 116 Thus administration of
an LNP without producing an tmmune response that promotes ABC, at a minimum involves
administration of an LINP without significant activation of one or more sensors and
significant production of one or more effectors. Significant used in this context refers to an
amount that would lead to the physiological consequence of accelerated blood clearance of
all or part of a second dose with respect to the level of blood clearance expected for a second
dose of an ABC triggering LNP. For instance, the immune response should be dampened
such that the ABC observed after the second dose is lower than would have been expected for

an ABC triggering LNP.

Bia or BIb activation assay

Certain compositions provided in this disclosure do not activate B cells, such as Bla
or B1b cells (CD 19+ CDS+) and/or conventional B cells (CD19+ CDS-). Activation of Bla
cells, B1b cells, or conventional B cells may be determined in a number of ways, some of
which are provided below. B cell population may be provided as fractionated B cell
populations or unfractionated populations of splenocytes or peripheral blood mononuclear
cells (PBMC). It the latter, the cell population may be incubated with the LNP of choice for
a period of time, and then harvested for further analysis. Alternatively, the supernatant may

be harvested and analyzed.

Upregulation of activation marker cell surface expression

Activation of Bla cells, B1b cells, or conventional B cells may be demonstrated as
increased expression of B cell activation markers including late activation markers such as
CD86. In an exemplary non-limiting assay, unfractionated B cells are provided as a
splenocyte population or as a PBMC population, incubated with an LNP of choice for a
particular period of time, and then stained for a standard B cell marker such as CD19 and for
an activation marker such as CD86, and analyzed using for example flow cytometry. A
suitable negative control involves incubating the same population with medium, and then
performing the same staining and visualization steps. An increase in CD86 expression in the

test population compared to the negative control indicates B cell activation.
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Pro-inflammatory cytokine release

B cell activation may also be assessed by cytokine release assay. For example,
activation may be assessed through the production and/or secretion of ¢ytokines such as 1L-6
and/or TNF-alpha upon exposure with LNPs of interest.

Such assays may be performed using routine cytokine secretion assays well known 1o

the art. An increase in cytokine secretion is indicative of B cell activation.

INPE binding/association to and/or uptake by B cells

LINP association or binding to B cells may also be used to assess an LNP of interest
and to further characterize such LINP. Association/binding and/or uptake/internalization may
be assessed using a detectably labeled, such as fluorescently labeled, LNP and tracking the
location of such LNP in or on B cells following various periods of incubation.

The mnvention further contemplates that the compositions provided herein may be
capable of evading recognition or detection and optionally binding by downstream mediators
of ABC such as circulating IgM and/or acute phase response mediators such as acute phase

proteins (e.g., C-reactive protein {CRP).

Methods of use for reducing ABC

Also provided herein are methods for delivering LNPs, which may encapsulate an
agent such as a nucleic acid encoding a therapeutic protein, to a subject without promoting
ABC. In addition, methods of promoting tolerance to therapeutic proteins by inttially
administering LINPs comprising polynucleotides encoding the therapeutic protein via an
intravenous route are provided.

In some embodiments, the method comprises administering any of the LNPs
described herein, which do not promote ABC, for example, do not induce production of
natural 1gM binding to the LNPs, and do not activate Bla and/or B1b cells. As used herein,
an LNP that “does not promote ABC” refers to an LNP that induces no iromune responses
that would lead to substantial ABC or a substantially low level of immune responses that is
not sufficient to lead to substantial ABC. An LNP that does not induce the production of
natural 1gMs binding to the LINP refers to LNPs that induce either no natural IgM binding to
the LNPs or a substantially low level of the natural IgM molecules, which is insufficient to
jead to substantial ABC. An LNP that does not activate Bla and/or B1b cells refer to LNPs

that induce no response of Bla and/or B1b cells to produce natural IgM binding to the LNPs
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or a substantially low level of Bla and/or B1b responses, which is insufficient to lead to
substantial ABC.

In some embodiments the terms do not activate and do not induce production, and are
a relative reduction to a reference value or condition. In some embodiments the reference
value or condition is the arnount of activation or induction of production of a molecule such
as IgM by a standard LNP comprising a polymucleotide encoding a therapeutic protein(e.g., a
standard LNP such as an MC3 LNP).  [n another embodiment, the reference value or
condition is the amount of activation or induction of production of a molecule such as IgM by
an LNP comprising a polynucleotide encoding a therapeutic protein when not initially
administered by an 1V route. In some embodiments the relative reduction is a reduction of at
feast 30%, for example at least 30%, 35%, 40%, 45%, 50%, S5%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In other
embodiments the terms do not activate cells such as B cells and do not induce production of a
protein such as IgM may refer to an undetectable amount of the active cells or the specific
protein.

In some instances, the LNPs described herein may be free of an epitope that activates
Bla cells, for example, free of an epitope that activates or interacts with CD36 or CD6. Such
LNPs contain either no epitopes capable of activating Bla cells or CD36 or contain such
epitopes at a substantially low amount, which is not sufficient to activate Bla or CB36 1o a
fevel high enough for inducing substantial ABC. In other embodiments, the LNPs described
herein may be free of an epitope that activates B1b cells. By substantially free of, it ts meant
that a LNP includes less than 99% of the recited agent. In some embodiments the LNP may
include none of the recited agent. In some instances, the LNPs described herein may contain
one or more helper lipid as described herein, which may comprise at least one fatty acid chain
of at least 8C and at least one polar motety. In some examples, the helper lipid does not
activate Bla and/or B1b cells. In other examples, the helper lipid does not bind or has low
binding affinity to CD36. Alternatively, the helper lipid may competitively inhibit
phosphatidyicholine from binding to CD36.

Alternatively the LNP may be coadminstered (adnunistered with, before or after) or
coformulated with an agent that removes or targets B or Bla cells. An agent that removes or
targets B or Bla cells may be Rituximab. Rituximab (RITUXAN®, Genentech/Biogen) is a
monoclonal antibody against the protein CI320, which is primarily found on the surface of

immune system B cells. Rituximab interacts with CD20 on the surface of B cells and destroys
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B cells. As shown in the Examples, the combination of Rifuximab and the LNP had
significantly reduced ABC upon subsequent administration of LNP.

In other embodiments the agent may bind and/or inhibit CD6 on Bla cells. Ap
exemplary agent that binds and/or inhibits CD6 on Bla cells is an anti-CD6 antibody, such as
Alzumab. Alzumab (itolizumab, Biocon) is a humanized 1gG1 monoclonal antibody that
selectively targets CD6, a pan T cell marker involved in co-stimulation, adhesion and
maturation of T cells. Alzumab also binds to CD6 on the surface of Bla cells.

In some instances the methods of the invention may comprise

(1) administering a first dose of an LNP comprising a polynucleotide encoding a
therapeutic protein to a subject intravenously,

(i1} administering a second or subsequent dose of the therapeutic protein {or an LNP
comprising a polynucieotide encoding the therapeutic protein) to the subject via a non-1V
route, (optionally, the second or subsequent dose 15 administered within 2 weeks of the first
or prior dose), and

(1i1) repeating step (it} one or more times,
wherein the agent is optionally formulated with an LNP that does not promote ABC.

In another embodiment, a method comprises:

(1) adnunistering a first dose of an LNP comprising a polynuclectide encoding an
intracetlular protein to a subject,

(i1} administering a second or subsequent dose of the intracellular protein {or an LNP
comprising a polynucleotide encoding the intracellular protein) to the subject via a non-IV
route, {optionally, the second or subsequent dose 15 administered within two to three weeks of
the first or prior dose), and

(ii1) repeating step (it} one or more imes,
wherein the agent is optionally formulated with an LNP that does not promote ABC.

Another method for delivering an agent to a subject involves

(1) administering a first dose of an agent comprising an LNP formulated
polvnuclectide encoding a therapeutic protein to a subject intravenously,

(1) administering a second or subsequent dose of the agent to the subject, wherein the
second or subsequent dose is administered within 2 to 3 weeks of the first or prior dose, and

(ii1} repeating step (i1} one or more Hmes,
wherein the half-life of the agent after the second and subsequent dose s at least 50%, 60%,

70%, 80%, 85%, 90%, 95°% or more of the half-life of the agent after the first dose.
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In other aspects, a method for delivering an agent to a subject involves

(1) administering a first dose of an agent comprising an LNP formulated
polynucieotide encoding an intracellular protein to a subject,

(i1} administering a second or subsequent dose of a therapeutic protein or
polynucleotide encoding the therapeutic protein to the subject, wherein the second or
subsequent dose is administered within 2 to 3 weeks of the first or prior dose, and

(1i1) repeating step (it) one or more times,
wherein the half-life of the agent after the second and subsequent dose is at least 50%, 60%,
70%, 80%, 85%, 90%, 95% or more of the half-life of the agent after the first dose.

Still another method for delivering an agent to a subject involves

(1) administering a first dose of an agent comprising an LNP formulated
polynuclectide encoding a therapeutic protein to a subject intravenously,

(i1} administering a second or subsequent dose of the agent to the subject, wherein the
second or subseguent dose is administered within 2 to 3 weeks of the first or prior dose, and

(1i1) repeating step (it} one or more times,
wherein the activity or blood concentration of the agent after the second and subsequent dose
is at least 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the activity or blood
concentration of the agent after the first dose.

Another method for delivering an agent to a subject involves

(1) administering a first dose of an agent comprising an LNP formulated
polynucleotide encoding an intracellular protein to a subject to a subject,

(it) administering a second or subsequent dose of a therapeutic protein or
polynucieotide encoding the therapeutic protein to the subject, wherein the second or
subsequent dose 1s administered within 2 weeks of the first or prior dose, and

(1i1) repeating step (it) one or more times,
wherein the activity or blood concentration of the agent after the second and subsequent dose
is at least 50%, 60%, 70%, 80%, 83%, 90%, 95% or more of the activity or blood
concentration of the agent after the first dose.

Second or subsequent doses of the agent may be the same agent or a different agent.
Thus in some embodiments the first dose of agent may be a polynucleoctide encoding an
intracelular protein. In some embodiments the second dose of agent may be a polynucleotide
encoding the intraceltular protein. In other embodiments the second dose of agent may be a

therapeutic protein. In some embodiments the intracellular protein is the therapeutic protein.
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in other embodiments the second dose of agent may be a polynucleotide encoding a
therapeutic protein.

Second or subsequent doses may be administered within 6 months, 5 months, 4
months, 3 months, 2 months, 1 month, 4 weeks, 3 weeks, 2.5 weeks, 2 weeks, 1 week, or
within 6 days, or within 5 days, or within 4 days, or within 3 days, or within 2 days, or within
1 day of the first or prior dose.

“Therapeutic protein” refers to a protein that, when administered to a subject has a
therapeutic, diagnostic, and/or prophylactic effect and/or elicits a desired biclogical and/or
pharmacological effect. Thus, the therapeutic protein may be any biologically active protein,
such as a diagnostic agent or a therapeutic agent.

LNPs comprising polynucleotides encoding therapeutic proteins may be administered
intravencusly two or more times, three or more times, four or more times, etc. Agent
administration may therefore be repeated once, twice, 3, 4, 5, 6, 7, 8, 9, 10, or more times.
After the IV administration, therapeutic proteins or LNPs comprising polynuclectides
encoding therapeutic proteins may be administered chronically or acutely, depending on its
intended purpose.

The method may be a method of treating a subject having or at nisk of having a
condition that benefits from the biologically active agent, particularly if the biologically
active agent 1s a therapeutic agent. Alternatively, the method may be a method of diagnosing
a subject, in which case the biologically active agent is a diagnostic agent.

Atter the IV dosing, the second or subsequent doses of therapeutic protein via the
non-{V route may maintain an activity of at least 50% of the activity of the first dose, or at
feast 60% of the first dose, or at least 70% of the first dose, or at least 75% of the first dose,
or at least 80% of the first dose, or at least 85% of the first dose, or at least 90% of the first
dose, or at least 95% of the first dose, or more, for at least 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, or 7 days post-administration of the second or subsequent dose.

When the biologically active agent is an mRNA (a therapeutic mRNA), a method for
reducing ABC of LNPs encapsulating the mRNA can be performed using a low amount of
the LNPs for the tfirst dose, and/or the second dose {as well as the subsequent doses). The
low doses can be equal to or less than 0.3 mg/kg, e g, 0.2 mg/kg, or 0.1 mg/kg. In some
instances, the first dose, the second dose, or both range from 0.1 t0 0.3 mg/kg.

The interval between the first dose and the second dose in any of the methods

described herein may be equal to or less than two weeks, for example, less than 21, 20, 19,
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18, 17,16, 15,14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3, 2 or 1 days. In some instances, the subject
can be administered a dose once daily, every 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20 or 21 days in any of the methods described herein. Each possibility represents
a separate embodiment of the present invention.

Further, in one embodiment, inhibiting ABC of LNPs in a subject can be achieved by
the use of one or more secondary agents that inhibit immune responses induced by LNPs,
¢.g., inhibit the binding to or activity of sensors e.g., natural IgM production, natural IgG
production, activation of Bla cells, activation of B1b cells, and/or activation of platelets and
or dendritic cells or the activity or production of any effectors. The secondary agents are
referred to alternatively as agents that inhibit immune responses induced by LNPs. In some
instances, the secondary agent may inhibit the production of natural IgM that binds the LINPs,
or neutralize such natural IgMs. In other instances, the secondary agent may inhibit
activation of Bla cells or remove Bla cells. For example, such a secondary agent may inhibit
a surface receptor of Bla cells, including, but not limited to CD36. Alternatively or in
addition, the secondary agent may interfere with the binding of IgM to its target. In other
embodiments, the secondary agent may inhubit the production of natural IgG that binds the
LNPs, or neutralize such natural IgGs or may interfere with the binding of 1gG to its target.

In other instances, the secondary agent may iohibit activation of B1b cells or remove Blb

cells.

Anti-drug Antibody

It has been discovered according to the invention that IV dosing of an mRNA agent in
an LNP (such mRNA optionally comprising a miR binding site} will inhibit an immune
response associated with loss of protein expression associated with subsequent subcutaneous
administration and can be used to provide repeated dosing of a subject with an LNP or the
therapeutic protein itself during the window of susceptibility to ABC or ADA. Moreover, if
the tolerance induced by IV administration wanes after repeated SC dosing, one or more
additional IV doses can be administered in order to promote tolerance to further SC dosing.
In this manner, repeated SC doses may be given while optimizing expression of the mRNA
delivered.

Another challenge associated with LNP-nucleic acid delivery is the development of
an unwanied anti-drug antibody (ADA) response, wherein an immune response generates

antibodies against the therapeutic protein. Like ABC, the ADA response can interfere with or
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neutralize the effect of the therapeutic protein, thereby impacting drug pharmacokinetics and
efficacy. Neutralizing antibodies (NAB) are generally of more concern than binding
antibodies (BAB) that are not neutralizing, but both may have chinical consequences.

Furthermore, allergic reactions, complement activation and other adverse events are
often associated with the development of ADA, thereby imupacting drug safety. Thus, ADA
is a significant factor in the ability to use biologics for long-term treatment.

Accordingly, the disclosure also provides methods for reducing or inhibiting an anti-
drug antibody {(ADA) response to a protein of interest by means of the administration of one
or more IV doses of mRNA encoding the protein of interest in an LNP. This protocol results
in induction of tolerance to the protein of interest (e.g., by post-transcriptional regulation, in
particular in immune system tissue) and subsequent SC doses do not promote the same level
of immune response as in a subject not given the inttial I'V dose(s) of the mRNA encoding the
protein of interest in an LNP. The disclosure also provides methods of reducing drug-related
toxicity in a subject by tncorporation of at least one microRNA (miRNA) binding site for a
miR expressed in imnuune cells into a mRNA (e.g., mmRINA} encoding a protein of interest.
Preferred microRNA binding sites used in the methods of the disclosure are those that bind
miRs expressed abundantly or preferentially in immune cells {e.g., in immune cells of
peripheral lyraphoid organs and/or splenocytes). A particularly preferred microRNA binding
site 1s for miR-142-3p. Another particularly preferred microRNA binding site is for miR-
126.

Another challenge associated with the clinical use of protein-based therapeutics in the
art {whether delivered as proteins or as polynuclectides encoding proteins) is the
development of unwanted immune cell activation {e.g., B cell activation) against the
therapeutic protein, leading to immune-mediated side effects. It has now been discovered,
however, that administration of mBNA, e.g,, encoding a protein of interest, particularly n
instances where the mRNA administration leads directly or indirectly to expression of the
encoded protein in imroune cells, e.g., splenocytes, also can lead to the development
unwanted immune cell activation (e.g., B cell activation, including cytokine production). It
has surprisingly been demonstrated, however, that administration of LNPs comprising
polynuclectides that encode a therapeutic protein by the IV route, can reduce immune cell
activation to the same protein {(whether administered as a protein or as a polynucleotide
encoding that protein in an LNP) when subsequently administered by a non-IV route.

Incorporation of at least one binding site for a microRNA (nuRNA) that is expressed in
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peripheral lymphoid tissue and/or endothelial cells, in particular at least one miR-126 and/or
miR-142 binding site, into the mRNA (mRNA) can further reduce or inhibit unwanted
immune cell activation when the mRNA is administered to the subject. Accordingly, the
disclosure provides compositions and methods for reducing or inhibiting unwanted immune
cell activation when using mRNA-based therapeutic proteins by reans of post-transcriptional
regulation, in particular in immune system tissue such as peripheral lymphoid organs or the
spleen.

In one embodiment, the disclosure provides isolated RNAs, in particular mRNAs,
e.g., chemically modified mRNAgs, that encode a protein of interest and that include at least
one microRNA binding site (e.g., miR-126 and/or miR-~142 binding sites). In other
embodiments, the disclosure provides RNAs, e.g., chemically modified RNAs, that include at
least one microRNA binding site {(e.g., miR-126 and/or miR-142 binding sites), but that do
not necessarnily encode a protein. The latter RINAs also may lack other typical features of
mRNAs (such as the mRNA features described below), vet include the miR-~126 and/or miR-
142 binding site(s).

An RNA may be a naturally or non-naturally occurring RNA, e.g, mRNA. An
mRNA may include one or more modified nucleobases, nucleosides, or nuclectides, as
described below, in which case it may be referred to as a “chemically modified mRNA”, also
referred to herein as a “modified mRNA” or “mmRNA.” As described herein “nucleoside” is
defined as a compound containing a sugar molecule {e.g., a pentose or ribose} or derivative
thereof in combination with an organic base {e.g., a purine or pyrimiding) or a derivative
thereof (also referred to herein as “nucleobase™). As described herein, “nucleotide” i
defined as a nucleostde including a phosphate group.

An mBNA may include a §™ untranslated region (S’UTR), a 37 untranslated region
(3’UTR), and/or a coding region {e.g., an open reading frame). An mRNA may include any
suitable number of base pairs, including hundreds (e.g., 200, 300, 400, 500, 600, 700, 800, or
900) or thousands {e.g., 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000) of
base pairs. Any number (e.g., all, some, or none} of nuclecbases, nucleosides, or nucleotides
may be an analog of a canonical species, substituted, modified, or otherwise non-naturally
occurring. In certain embodiments, all of a particular nuclectide or nucleobase type may be
modified.

In one embodiment, the mRNA comprises a first flanking region located at the 5

terminus of an open reading frame (coding region) and a second flanking region located at
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the 3" terminus of the open reading frame (coding region), wherein the first flanking region
comprises a ' untranslated region (5" UTR) and the second flanking region comprises a 3’
untranslated region (3 'UTR). In one embodiment, the S'UTR and the 3'UTR of the mRNA
are not derived from the same species. In one embodiment, the S'UTR and/or the 3'UTR of
the mRNA are not derived from beta-globin. In one embodiment, the 5" untransiated region
is heterologous to the coding region of the mRINA. In another embodiment, the 3'
untranslated region is heterologous to the coding region of the mRNA. In yet another
embodiment, the 5' untransiated region and the 3' untranslated region are heterologous to the
coding region of the mRNA_ In yet another embodiment, the mRNA comprises at least two
stop codons.

The sequence of a non-limiting example of a 5° UTR suitable for use in the mRNA
constructs is shown in SEQ ID NO: 53, The sequence of a non-limiting example of a 37 UTR
suitable for use in the mRNA constructs 15 shown in SEQ ID NO: 30, Other suitable 57 and
37 UTRs suitable for use in the mRNA constructs are well known in the art,

For example, suitable 5" UTRs include those from the B-globin gene (see e g, Kariko
et al. (2008) Mol Therap. 16:1833-40; US 8,278,063, US 9,012,219}, the a-~globin gene (see
e.g., US 9,012,219), the human cytochrome b-245 « polypeptide gene (CYBA) (sece.g.,
Ferizi et al. (2015) Lab. Chip. 23:1456-14064), the hydroxysteroid (17-f) dehydrogenase gene
(HSD17B4) (see e.g., Thess et al. (2015) Mol Therap. 23:1456-1464; WO 2015/024667), the
TOP gene (see e.g., WO2015/101414, WO2015/101415, W(O2015/062738, W2015/024667,
WQO2015/024667), the ribosomal protein Large 32 (1L.32) gene (see e.g., W2015/1014 14,
WO2Z015/101415, W(O2015/062738) and the ATP51 gene (see e.g., WOZ015/024667), as
well as viral $” UTRs, including those trom Tobacco etch virus (TEV) (see e.g., Katalin et al.
(2012) Mol. Therap. 20:948-953; US 8,278,063, US 9,012,219), Venezuelan equing
encephalitis virus (VEEV), (see e.g., Andries et al. (2015} J Condrol Release 217:337-344)
and the CMV immediate~-early 1 (JE1) gene (see e.g., US2014/0206753, W(O2014/089486,
WO2013/185069, WO2014/144196, WO2014/152659, W(O2014/152940, WO2014/152774,
WO2014/153052) . Synthetic 37 UTRs have been described and are also suitable for use (see
e.g., Mandal and Rossi (2013) Nar. Profocol 5:08-82).

Additionally, for example, suitable 37 UTRs include those from the B-globin gene (see
e.g., Kartko et al. (2008) Mol Therap. 16:1833-40; US 8,278,063, US 9,012,219,
WO2007/036366, US 2011/0065103, WO2011/015347, WO2012/072096, WO2013/143555,
W(2014/071963}, the a-globin gene (see e.g, US 9,012,219, W(02015/101414,
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WO2Z015/101415, W(2015/024667), the human cytochrome b-245 ¢ polypeptide gene
(CYBA) (see e.g., Ferizi et al. (2015) Lab. Chip. 23:1456-1464), the albumin gene (see e.g.,
Thess et al. (2015) Mol Therap. 23:1456-1464), the human growth hormone (hGH) gene (see
e.g., US2014/0206753, WO2013/1850069, W(2014/089486, W(2014/14419¢6,
WO2014/152659, WO2014/152940, WO2014/152774, WO2014/153052), the ribosomal rps9
protein gene (see e.g., W2015/101414), the FIG4 gene (see e.g., WO2015/101415), the
human albumin7 gene (see e.g., WO2015/101415, WO2015/101414, WO2015/006273,
WO2015/024667, W(O2105/062737), as well as viral 3° UTRs, including those from
Venezuelan equine encephalitis virus {VEEV), (see e g, Andries et al. (2015} J Control
Kelease 217:337-344).

In some embodiments, an mRNA as described herein may include a S cap structure, a
chain terminating nucleotide, a Kozak sequence (also known as a Kozak consensus
sequence), a stem loop, a poly A sequence, and/or a polyadenylation signal. In other
embodiments, the mRNA lacks a poly A sequence and/or a polyadenylation signal but rather
contains an alternative structure for stabilizing the mRNA.

A5 cap structure or cap species is a compound including two nucleoside moieties
toined by a linker and may be selected from a naturally occurring cap, a non-naturally
occurring cap or cap analog, or an anti-reverse cap analog (ARCA). A cap species may
include one or more modified nucleosides and/or linker moieties. For example, a natural
mRNA cap may include a guanine nucleotide and a guanine (G} nucleotide methylated at the
7 position joined by a triphosphate linkage at their $* positions, e.g., m ' G(5 )ppp(5)G,
commonly written as m'GpppG. A cap species may also be an anti-reverse cap analog. A
non-limiting list of possible cap species includes m GpppG, m'Gpppm G, m’3'dGpppG,
m, Y GpppG, m, GppppG, ma P GppppG, m Gpppm G, m’3'dGpppG, my " GpppG,
% GppppG, and my T GppppG. In various embodiments, the mRNA can comprise a 5
terminal cap selected from the group consisting of Cap0, Capl, ARCA, inosine, N1-methyl-
guanosine, 2'fluoro-guanosine, 7-deaza-guanosine, 3-0xo-guanosine, 2-amino-guanosine,
LNA-guanosine, and 2-azido-guanosine. In one embodiment, the 5' terminal cap is Capl.

An mRNA may instead or additionally include a chain terrainating nucleoside. For
example, a chain terminating nucleoside may include those nucleosides deoxygenated at the
27 and/or 37 positions of their sugar group. Such species may include 3'-deoxyadenosine
{cordycepin)}, 3'-deoxyuridine, 3'-deoxycytosine, 3'-deoxyguanosine, 3'-deoxythymine, and

2' 3'-dideoxynucleosides, such as 2,3 -dideoxyadenosine, 2' 3'-dideoxyuridine,



10

20

WO 2018/187590 PCT/US2018/026286
35

2", 3'-dideoxycytosing, 2',3'-dideoxyguanosine, and 2' 3'-dideoxythymine. In some
embodiments, incorporation of a chain terminating nucleotide into an mRNA, for example at
the 3 -terminus may result in stabilization of the mRNA, as described, for example, in
International Patent Publication No. WO 2013/103659.

Aun mRNA may instead or additionally include a stem loop, such as a histone stem
foop. A stem loop may include 2, 3,4, 5, 6, 7, 8, or more nucleotide base pairs. For
example, a stem loop may include 4, S, 6, 7, or 8 nucleotide base pairs. A stem loop may be
located in any region of an mRNA. For example, a stem loop may be located in, before, or
after an untranslated region (a 5° untranslated region or a 3° untranslated region), a coding
region, or a poly A sequence or tail. In some embodiments, a stem loop may affect one or
more function{s) of an mRNA, such as imitiation of translation, translation efficiency, and/or
transcriptional termination.

An mRNA may instead or additionally include a polv A sequence and/or
polvadenylation signal. A polvA sequence may be comprised entirely or mostly of adenine
nucleotides or analogs or derivatives thereof. A polyA sequence may be a tail located
adjacent to a 37 untranslated region of an mRNA. In some embodiments, a poly A sequence
may affect the nuclear export, translation, and/or stability of an mRNA.

In some embodiments, an mRNA is a bicistronic mRNA comprising a first coding
region and a second coding region with an intervening sequence comprising an internal
ribosome entry site (IRES) sequence that allows for internal translation initiation between the
firat and second coding regions, or with an intervening sequence encoding a self-cleaving
peptide, such as a 2A peptide. IRES sequences and ZA peptides are typically used to enhance
expression of multiple proteins from the same vector. A variety of IRES sequences are
known and available in the art and may be used, including, e g, the encephalomyocarditis
virus IRES.

In one embodiment, the polvnucleotides of the present disclosure may include a
sequence encoding a self-cleaving peptide. The self-cleaving peptide may be, but is not
limited to, a 2A peptide. A variety of ZA peptides are known and available in the art and may
be used, including e.g , the foot and mouth disease virus (FMDV) 2A peptide, the equine
rhinitis A virus 2A peptide, the Thosea asigna virus 2A peptide, and the porcine teschovirus-
I 2A peptide. 2A peptides are used by several viruses to generate two proteins from one
transeript by ribosome-skipping, such that a normal peptide bond ts impaired at the 2ZA

peptide sequence, resulting in two discontinuous proteins being produced from one
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translation event. As a non-limiting example, the 2A peptide may have the protein sequence:
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 4), fragments or varianis thereof In one
embodiment, the 2A peptide cleaves between the last glycine and last proline. As another
non-limiting example, the polynucleotides of the present disclosure may include a
polynucleotide sequence encoding the 2A peptide having the protein sequence GSGATNFSL
LKQAGDVEENPGP (SEQ ID NO: 4) fragments or variants thereof. One example of a
polynucleotide sequence encoding the 2A peptide 1s: GGAAGCGGAGCTACTAACTTCAG
CCTGCTGAAGCAGGUTGGAGACGTGGAGGAGAACCCTGGACCT (SEQ 1D NO: 5).
In one illustrative embodiment, a 2A peptide is encoded by the following sequence: §7-TCCG
GACTCAGATCCGGGGATCTCAAAATTGTCGCTCCTGTCAAACAAACTCTTAACTT
TGATTTACTCAAACTGGCTGGGGATGTAGAAAGCAATCCAGGTCCACTC-3 (SEQ
I3 NO: 6). The polynuclectide sequence of the 2A peptide may be modified or codon
optimized by the methods described herein and/or are known in the art.

In one embodiment, this sequence may be used fo separate the coding regions of two
or more proteins. As a non-limiting example, the sequence encoding the 2ZA peptide may be
between a first coding region A and a second coding region B (A-2ZApep-B). The presence of
the 2A peptide results in the cleavage of one long protein into protein A, protein B and the
2A peptide. Protein A and protein B may be the same or different peptides or proteins.

microRNAs {or miRNA) are 19-25 nucleotide long (commonly 19-23 nucleotides
fong, most typically 22 nucleotides long) noncoding RNAs that bind to the 3'UTR of nucleic
acid molecules and post-transtationally down-regulate gene expression either by reducing
nucleic acid molecule stability or by inhibiting translation. The mRNAs of the disclosure
may comprise one or more microRNA target sequences or sites, microRNA binding
sequences or sites, sequence complementary to a microRNA sequences, or sequence
complementary to a microRNA seed region ot sequence. Such sequences may correspond to
any known microRNA such as those taught in US Publication US2005/0261218 and US
Publication US2005/0059005, the contents of which are incorporated herein by reference in
their entirety. A microRINA sequence comprises a “seed” region or sequence, i.e., a sequence
in the region of positions 2-8 of the mature microRNA, which sequence has perfect Watson-
Crick complementarity to the miRNA target sequence. The bases of the microRNA seed
region or sequence have complete complementarity with the target sequence. microRNAs
derive enzymatically from regtons of RNA transcripts that fold back on themselves to form

short hairpin structures often termed a pre-miRNA {(precursor-miRNA). The pre-miRNA
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typically has a two-nucleotide overhang at its 37 end, and has 3" hydroxyl and 5' phosphate
groups. This precursor-mRNA is processed in the nucleus and subsequently transported to
the cytoplasm where 1t 15 further processed by DICER (an RNagse HI enzyme), to form a
mature microRINA of approximately 22 nucleotides. The mature microRNA is then
incorporated into a ribonuclear particle to form the RNA-induced silencing complex, RISC,
which mediates gene silencing. Art-recognized nomenclature for mature miRNAs typically

[S¥ PPl

designates the arm of the pre-riRNA from which the mature miRNA derives; “5p” means
the microRNA is from the 5 prime arm of the pre-miRNA hairpin and “3p” means the
microRNA is from the 3 prime end of the pre-miRNA hairpin. A miR referred to by number
herein can refer to either of the two mature microRNASs originating from opposite arms of the
same pre-miRNA {e.g., either the 3p or 5p microRNA). All miRs referred to herein are
intended to include both the 3p and 5p arms/sequences, unless particularly specified by the 3p
or 5p designation.

In some embodiments, an mRNA of the disclosure may include one or more
microRNA (miRNA) binding sites. As used herein, the term “microRNA (miRNA} binding
site” refers to a sequence within a polynucleotide, e.g., within a DNA or within an RNA
transcript, that has sutficient complementarity to all or a region of a miRNA to interact with,
associate with or bind to the miRNA. To exemplary erobodirnents, miRNA binding sites are
included in mRNAgs, for example, in the 5" UTR and/or 3° UTR of an mRNA. A miR
binding site sequence having sufficient complementarity to the miR refers to a degree of
complementarity sufficient to facilitate miR-mediated regulation of the mRNA, e.g., miR-
mediated translational repression or degradation of the mRNA. In exemplary aspects of the
disclosure, a miR binding site sequence having sufficient complementarity to the miR refers
to a degree of complementarity sufficient to facilitate miR-mediated degradation of the
mRNA, e.g, miR-guided RISC-mediated cleavage of mRNA. The miR binding site can have
complementarity to, for example, a 19-25 nucleotide fong miR sequence, to 3 19-23
nucleotide long miR, most typically to a 22 nucleotide long miR sequence. A miR binding
site may be complementary to only a portion of amiR, e g toaportion 1,2, 3 or 4
nucieotides shorter that a naturally-occurring miR. Full or complete complementarity (e.g,,
fully complementary or completely complementary over all or a significant portion of a
naturally-occurring miR) is preferred when the desired regulation is mRNA degradation. In
some embodiments, a miRNA binding site includes a sequence that has complementarity

{e.g., partial or complete complementarity} with an miRNA seed sequence. In particular
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embodiments, the miRNA binding stte includes a sequence that has complete
complementarity with a miRNA seed sequence. In some embodiments, a miRNA binding
site includes a sequence that has complementarity {e.g., partial or complete complementarity)
with a miRNA sequence. In particular embodiments, the miRNA binding site includes a
sequence that has complete complementarity with a miRNA sequence. In some
embodiments, a miRNA binding site has complete complementarity with a miRNA sequence
but for 1, 2 or 3 nucleotide substitutions, termunal additions, and/or truncations.

One or more miR binding sequences can be incorporated in an mRNA of the
disclosure for one or more of a variety of different purposes. For example, incorporation of
one or more miRNA binding sites into an mRNA of the disclosure may target the molecule
for degradation or reduced translation, provided the miRNA in question is available (e g |
expressed in a target cell or tissue.) In some embodiments, incorporation of one or more
nmiRNA binding sites into an mRNA of the disclosure may reduce the hazard of off-target
effects upon nucleic acid molecule delivery and/or enable tissue-specific regulation of
expression of a polypeptide encoded by the mRNA. In yet other embodiments, incorporation
of one or mmore miRNA binding sttes into an mRNA of the disclosure can modulate iromune
responses upon nucleic acid delivery in vive. In further embodiments, incorporation of one or
more miRNA binding sites into an mRNA of the disclosure can modulate accelerated blood
clearance (ABC) of lipid-comprising compounds and compositions described herein.

Representative muBNAs were selected based on expression and abundance in invnune
cells of the hematopoietic lineage, such as B cells, T cells, macrophages, dendritic cells, and
cells that are known to express TLR7/ TLRE and/or able 1o secrete cytokines such as
endothelial cells and platelets. The miRNA set thus included miRs that may be responsible in
part for the immunogenicity of these cells, and such that a corresponding nuR-site
incorporation in the mRBRNA could lead to desisbilization of the e RMNA and/or suppression of
transiation from these mRNAs in the specific cell type. Non-limiting representative examples
include miR-142, muiR-144, miR-150, miR-155 and miR-223 ) which are specitfic for many of
the hematopoietic cells; miR-142, miR150, miR-16 and miR-223, which are expressed in B
cells; muR-223, muR-451, miR-26a, miR-16, which are expressed in progenitor hematopoietic
cells; and miR-126, which is expressed in plasmacyteid dendritic cells, platelets and
endothelial celis. For further discussion of tissue expression of miRs see e.g , Teruel-
Montoya, R et al. (2014) Plol One 90102259, Landgraf, P et al. {2007 Cell 1291401

S

1414; Bissels, U et al. (2009} RN4 15:2375-2384. As 1s evidenced, any one nuR-site
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incorporation in the 3"UTR and/or &7 UTR may mediate such effects in multiple cell types of
interest {e.g, miR-142 is abundant in both B cells and dendritic cells).

It 18 beveficial to target the same cell type with multiple miRs and to incorporate
binding sites to each of the 3p and 5p arm if both are abundant {e.g., both miR-142-3p and
iR 142-5p are abundavt i hematopoietic stem cells). Thus, for example, 1 certain
embodiments, an mRMNA construct contains two or more {e.g., two, three, four or more} miR
bindings sites from. (i} the group consisting of nuR-142, miR-144, muR-150, miR-~135 and
miR-223 {(which are expressed in many hematopoietic celis), or {11} the group consisting of
niR-142, miR150, miR-16 and miR-223 {(which are expressed in B cells)y; or the group
consisting of miR-223, miR-451, miR-26a, miR-16 {which are expressed in progenitor
hematopoietic cells)

it is also beneficial to combine vanous miRs such that muldtiple cell types of interest
are targeted at the same time (e ¢, miR-142 and miB-126 to target many cells of the
hematopoietic lineage and endothelial cells). Thus, for example, 10 certain embodiments, an
mRNA consiruct contaimns two or more {e.g., twg, three, four or more) miR bindings sites,
wherein: {1} al least one of the miRs targets cells of the hematopoietic hneage (g, miR-142,
miR-144, miR-150, miR-155 or miR-223) and at least one of the miRs targets plasmacyioid
dendritic cells, platelets or endothelial cells {e.g., muR-126); or (i) at least one of the miRs
targets B cells {e.g., miR-142, miR 150, miR-16 or miR-223} and at ieast one of the miKs
targets plasmacytoid dendnitic cells, platelets or endothelial colis (e g, miR-126}; or (111} at
feast one of the miRs targets progentior hematopoietic cells (g, miR-223, miR-451, miR-
26a or miR-16) and at least one of the miRs targets plasmacytoid dendritic cells, platelets or
endothelial cells {e.g., miR-126); or {iv) at least one of the miRs targets cells of the
hematopoietic lineage (e.g., miR-142, miR-144, miR-150, miR-155 or miR-223), at least one
of the viRs targets B cells (e g, miR-142, RS0, miR-16 or miR-223) and at least one of
the miRs targets plasmacytoid dendritic cells, platelets or endothelial cells (e g, miR-126}; or
any other possible combination of the foregoing four classes of miR binding sites (e, those
targeting the hematopoietic lineage, those targeting B cells, those targeting progenitor
hematopoietic cells and/or those targeting plamacytond dendritic cells/platelets/endothelial
cells).

Accordingly, in one embodiment, to modulate immune responses, an mRNA can
comprise one or more miR binding sequences that bind to one or more miRs that are

expressed in conventional immune cells or any cell that expresses TLR7 and/or TLRS and
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secrete pro-inflammatory cytokines and/or chemokines (e.g., in immune cells of peripheral
lymphoid organs and/or splenocytes and/or endothelial cells). It has now been discovered
that incorporation into an mRINA of one or more miRs that are expressed in conventional
immune cells or any cell that expresses TLR7 and/or TLRS and secrete pro-inflammatory
cytokines and/or cherokines (e.g., in imroune cells of peripheral Iymphoid organs and/or
splenocytes and/or endothelial cells) reduces or inhibits immune cell activation {e.g., B cell
activation, as measured by frequency of activated B celis) and/or cytokine production {e.g ,
production of IL-6, IFN-y and/or TINFat). Furthermore, it has now been discovered that
incorporation into an mRNA of one or more miRs that are expressed in conventional immune
cells or any cell that expresses TLR7 and/or TLRB and secrete pro-inflammatory cytokines
and/or chemokines {(e.g., in immune cells of peripheral iymphoid organs and/or splenocyies
and/or endothelial cells) can reduce or inhibit an anti-drug antibody (ADA) response against
a protein of nterest encoded by the mRNA.

In another embodiment, 1o modulate accelerated blood clearance of an mRNA
delivered in a lipid-comprising compound or composttion, the mRINA can comprise one or
more miR binding sequences that bind to one or more miRs expressed in conventional
immune cells or any cell that expresses TLR7 and/or TLRSE and secrete pro-inflammatory
cytokines and/or chemokines (e.g., in immune cells of peripheral lyvmphoid organs and/or
splenocytes and/or endothelial cells). It has now been discovered that incorporation into an
mRNA of one or more miR binding sites reduces or inhibits accelerated blood clearance
(ABC) of the lipid-comprising compound or composition for use in delivering the mRNA.
Furthermore, it has now been discovered that incorporation of one or more miR binding sites
into an mRNA reduces serum levels of anti-PEG anti-IgM (e.g., reduces or inhibits the acute
production of 1gMs that recognize polyethylene glycol (PEG) by B cells) and/or reduces or
inhibits proliferation and/or activation of plasmacytoid dendritic cells following
administration of a lipid-comprising compound or composition comprising the mRNA.

Such miR sequences may correspond to any known microRNA expressed in immune
cells, including but not limited to those taught in US Publication US2005/0261218 and US
Publication US2005/0059005, the contents of which are incorporated herein by reference in
their entirety. Non-linuting examples of miRs expressed in immune cells include those
expressed in spleen cells, myeloid cells, dendritic cells, plasmacytoid dendritic cells, B cells,
T cells and/or macrophages. For example, miR-142-3p, miR-142-5p, miR-16, miR-21, ouR-

223, miR-24 and miR-27 are expressed in myeloid cells, miR-155 is expressed in dendritic
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cells, B cells and T cells, miR-1406 1s upregulated in macrophages upon TLR stimulation and
miR-126 is expressed in plasmacytoid dendritic cells. In certain embodiments, the miR(s) is
expressed abundantly or preferentially in timmune celis. For example, miR-142 (uR-142-3p
and/or miR-142-5p}, miR-126 (miR-126-3p and/or miR-126-5p), miR-146 (miR-146-3p
and/or miR-146-5p) and ouR-155 (miR-155-3p and/or miR155-5p) are expressed abundantly
in immune cells. These microRNA sequences are known in the art and, thus, one of ordinary
skill in the art can readily design binding sequences or target sequences to which these
microRNAs will bind based upon Watson-Crick complementarity.

Accordingly, in various embodiments, the mRNA comprises at least one microRNA
binding site for a miR selected from the group consisting of miR-142, miR-146, miR-155,
miR-126, miR-16, miR-21, miR-223, miR-24 and miR-27. In another embodiment, the
mRNA comprises at least two miR binding sites for mictoRNAs expressed in tmmune cells,
In various embodiments, the mRNA comprises 1-4, one, two, three or four miR binding sites
for microRNAs expressed in immune cells. In another embodiment, the mRNA comprises
three miR binding sites. These miR binding sites can be for microRNAs selected from the
group consisting of miR-142, miR-146, miR-155, miR-126, miR-16, miR-21, miR-223, miR-
24, miR-27, and combinations thereof. In one embodiment, the mRINA comprises two or
more {e.g., two, three, four) copies of the same iR binding site expressed in imimune celis,
e.g., two or more copies of a miR binding site selected from the group of miRs consisting of
miR-142, niR-146, miR-155, miR-126, miR-16, nuR-21, miR-223, miR-24, miR-27.

For example, in one embodiment, the mRNA comprises three copies of the same miR
binding site. As described in Example 8, in certain embodiments, use of three copies of the
same miR binding site can exhibit beneficial properties as compared to use of a single miR
binding site. Non-limiting examples of sequences tor 3° UTRs containing three nuR bindings
sites are shown in SEQ 1D NO: 38 {three miR-142-3p binding sites), SEQ 1D NO: 40 (three
miR-142-5p binding sites) and SEQ 1D NO: 54 (three miR-122 binding sites).

In another embodiment, the mRNA comprises two or more {e.g., two, three, four)
copies of at least two different miR binding sites expressed in immune cells. Non-limiting
examples of sequences of 37 UTRs containing two or more different miR binding sites are
shown in SEQ ID NO: 33 (one miR-142-3p binding site and one miR-126-3p binding site),
SEQ ID NO: 47 {one miR-142-3p binding site and one miR-122-5p binding site}, SEQ 1D
NO: 41 {two miR-142-5p binding sites and one miR-142-3p binding sites) and SEQ H NO:

44 (two miR-155-5p binding sites and one miR-142-3p binding sites).
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In another embodiment, the mRNA comprises af feast two miR binding sites for
microRINAs expressed in immune cells, wherein one of the miR binding sites is for miR-142-
3p. In various embodiments, the mRNA comprises binding sites for muR-142-3p and nuR-
155 (miR~155-3p or miR-155-5p), miR-142-3p and miR-146 (miR-146-3 or miR-146-5p), or
miR-142-3p and miR-126 (miR-126-3p or miR-126-5p).

In another embodiment, the mRNA comprises at feast two miR binding sites for
microRNAs expressed in immune cells, wherein one of the miR binding sites is for miR-126-
3p. In various embodiments, the mRINA comprises binding sites for miR-126-3p and miR-
155 (miR-155-3p or miR-155-5p), miR-126-3p and miR-146 (miR-146-3p or muR-146-5p),
or miR-126-3p and miR-142 (miR-~-142-3p or miR-142-5p).

In another embodiment, the mRNA comprises at feast two muR binding sites for
microRINAs expressed in immune cells, wherein one of the miR binding sites is for miR-~142-
5p. Invarious embodiments, the mRNA comprises binding sites for miR-142-5p and miR-
155 (miR-155-3p or miR-155-5p), miR-142-5p and miR-~-146 (miR-146-3 or miR-146-5p}, or
miR-142-5p and miR-126 (miR-126-3p or miR-126-5p).

In yet another embodiment, the mRNA comprises at least two nuR binding sites for
microRINAs expressed in immune cells, wherein one of the miR binding sites is for miR-155-
5p. In various embodiments, the mRNA comprises binding sites for miR-155-5p and miR-
142 (miR-142-3p or miR-142-5p), miR-155-5p and miR-146 (miR-146-3 or miR-146-5p}, or
miR-155-5p and niR-126 (miR-126-3p or miR-126-5p).

In exemplary embodiments, the one or more miR binding sites are positioned within
the 3’UTR, the 5 UTR, or both the 3" and 5° UTRs, such that the mRNA hag the desired
properties. The miR binding site can be positioned within the 3° UTR immediately following
the stop codon of the coding region within the mRNA construct (or, if there are multiple
copies of a stop codon in the construct, immediately tollowing the tinal stop codon) or the
miR binding site(s) can be positioned further downstream of the stop codon, in which case
there are 3” UTR bases between the stop codon and the miR binding site(s). For example,
three non-limiting examples of possible insertion sites for a miR in a 3" UTR are shown in
SEQ ID NOs: 48, 49 and SO, which show a 37 UTR sequence with a miR-142-3p site inserted
in one of three different possible insertion sites, respectively, within the 3° UTR.
Furthermore, one or more miR binding sites can be positioned within the 5 UTR at one or
more possible insertion sites. For example, three non-limiting examples of possible insertion

sites for a miR in a 5" UTR are described further in Example 9 and shown in SEQ ID NOs:
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55, 56 and 57, which show a 5" UTR seguence with a miR-142-3p site inserted into one of
three different possible insertion sites, respectively, within the 5 UTR. Additionally, SEQ ID
NOs: 538, 59 and 60 show a 5° UTR sequence with a miR-122 site inserted into one of three
different possible insertion sites, respectively, within the 5" UTR.

In one embodiment, a codon optimized open reading frame encoding a protein
comprises a stop codon and the at least one microRINA binding site is located within the 3’
UTR 1-100 nucleotides after the stop codon. In one embodiment, the codon optimized open
reading trame encoding the protein comprises a stop codon and the at least one microRNA
binding site for a miR expressed in immune cells 1s located within the 37 UTR 30-50
nucleotides after the stop codon. In another embodiment, the codon optimized open reading
frame encoding the protein comprises a stop codon and the at least one microRNA hinding
site for a miR expressed in immune cells is located within the 37 UTR at least 50 nucleotides
after the stop codon. In other embodiments, the codon optimized open reading frame
encoding the protein comprises a stop codon and the at least one microRNA binding site for a
miR expressed in immune cells is located within the 3° UTR immediately after the stop
codon, or within the 3” UTR 15-20 nucleotides after the stop codon or within the 3° UTR 70-
80 nucleotides after the stop codon. In other embodiments, the 3’UTR comprises more than
one miR binding site {e.g., 2-4 miR binding sites), wherein there can be a spacer region {e.g.,
of 10-100, 20-70 or 30-50 nucleoctides in length) between each miR binding site. In another
embodiment, the 3° UTR comprises a spacer region between the end of the miR binding
site(s) and the poly A tail nucleotides. For example, a spacer region of 10-100, 20-70 or 30-
50 nucleotides in length can be situated between the end of the miR binding site(s) and the
beginning of the poly A tail.

In one embodiment, a codon optimized open reading frame encoding a protein
comprises a start codon and the at feast one microRNA binding site is located within the 57
UTR 1-100 nucleotides before (upstream of) the start codon. In one embaodiment, the codon
optimized open reading frame encoding the protein comprises a start codon and the at least
one microRNA binding site for a miR expressed in immune cells is located within the 8" UTR
10-50 nucleotides before (upstream of) the start codon. In another embodiment, the codon
optimized open reading frame encoding the protein comprises a start codon and the at least
one microRNA binding site for a miR expressed in immune cells is located within the ST UTR
at least 25 nucleotides before (upstream of} the start codon. In other embodiments, the codon

optimized open reading frame encoding the protein comprises a start codon and the at least
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one microRNA binding site for a miR expressed in immune cells i3 located within the 5" UTR
immediately before the start codon, or within the 5” UTR 15-20 nucleotides before the start
codon or within the 5" UTR 70-80 nucleotides before the start codon. In other embodiments,
the 5’UTR comprises more than one miR binding site (e.g., 2-4 nmiR binding sites}, wherein
there can be a spacer region (e.g., of 10-100, 20-70 or 30-50 nucleotides in length) between
each miR binding site.

In one embodiment, the 3’ UTR comprises more than one stop codon, wherein at least
one miR binding site is positioned downstream of the stop codons. For example, 23" UTR
can comprise 1, 2 or 3 stop codons. Non-limiting examples of triple stop codons that can be
used include: UGAUAAUAG UGAUAGUAA, UAAUGAUAG UGAUAAUAA,
UGAUAGUAG UAAUGAUGA, UAAUAGUAG UGAUGAUGA, UAAUAAUAA and

JAGUAGUAG Withina 3" UTR, for example, 1, 2, 3 or 4 miR binding sites, e.g., miR-142-
3p binding sites, can be positioned immediately adjacent to the stop codon(s) or at any
number of nucleotides downstream of the final stop codon. When the 3 UTR comprises
multiple miR binding sites, these binding sites can be positioned directly next to each other in
the construct (1.¢., one after the other) or, alternatively, spacer nucleotides can be positioned
between each binding site.

In one embodiment, the 3° UTR comprises three stop codons with a single miR-142-
3p binding site located downstream of the 3rd stop codon. Non-limiting examples of
sequences of 3” UTR having three stop codons and a single miR-142-3p binding site located

o

48-50.

In one embodiment, the mmRNA comprises a 5' UTR, a codon optimized open
reading frame encoding a protein, a 3’ UTR comprising the at least one microRNA binding
site for a miR expressed in imomune cells, and a 3" tailing region of linked nucleosides. In
various embodiments, the 3’ UTR comprises 1-4, at least two, one, two, three or four
microRNA binding sites for miRs expressed in immune cells, preferably abundantly or
preferentially expressed in immune cells.

In one embodiment, the at least one miR expressed in immune cells 15 a miR-142-3p
microRNA binding site. In one embodiment, the miR-142-3p microRNA binding site
comprises the sequence shown in SEQ ID NO: 3. In one embodiment, the 3° UTR of the
mRNA comprising the miR-142-3p microRNA binding site comprises the sequence shown in

SEQ ID NO: 2.
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In one embodiment, the at least one miR expressed in immune cells is a miR-126
microRNA binding site. In one embodiment, the miR-126 binding site is a miR-126-3p
binding site. In one embodiment, the miR-126-3p microRNA binding site comprises the
sequence shown in SEQ 1D NO: 26, In one embodiment, the 3" UTR of the mmRNA
comprising the miR-126-3p mictoRNA binding site comprises the sequence shown in SEQ
D NO: 27,

Non-limiting exemplary sequences for miRs to which a microRNA binding site(s) of
the disclosure can bind include the following: miR-142-3p (SEQ ID NO: 8), miR-142-5p
(SEQ ID NO: 9), miR-146-3p (SEQ ID NO: 10), miR-146-5p (SEQ ID NO: 11), miR-155-3p
(SEQ ID NO: 12), oniR-155-5p (SEQ ID NO: 13}, miR-126-3p (SEQ 1D NO: 14), miR-126-
5p (SEQ ID NO: 15), miR-16-3p (SEQ ID NO: 16), miR-16-5p (SEQ ID NO: 17), miR-21-
3p (SEQ ID NO: 18, miR-21-5p (SEQ ID NO: 19), miR-223-3p (SEQ ID NO: 20), miR-
223-5p (SEQ ID NO: 21), miR-24-3p (SEQ ID NO: 22), miR-24-5p (SEQ ID NO: 23), miR-
27-3p (SEQ 1B NO: 24) and miR-27-5p (SEQ 1D NO: 25). Other suitable miR sequences
expressed in immune cells (e.g., abundantly or preferentially expressed in immune cells) are
known and available in the art, for example at the Umversity of Manchester’s microRNA
database, miRBase. Sites that bind any of the aforementioned miRs can be designed based on
Watson-Crick complementarity to the muR, typically 100% complementarity to the muR, and
inserted into an mRINA construct of the disclosure as described herein.

In yet other embodiments, the therapeutic window and/or differential expression {e.g.,
tissue-specific expression) of a polypeptide of the disclosure may be altered by incorporation
of'a miRNA binding site into an mRNA encoding the polypeptide. Examples of tissues
where microRNA are known to regulate mRNA, and thereby protein expression, include, but
are not limited to, liver {e.g, miR-122), muscle (e g, miR-133, miR-206, and miR-208),

endothelial cells {e.g., miR-17-92, and nuR-126), rayeloid cells {e.g, miR-142-3p, miR-142-

S5p, miR-16, miR-21, miR-223, miR-24, and miR-27}, adipose tissue {e.g,, let-7, and miR-
30¢), heart (e g, miR-1d and miR-149), kidney (e.g., miR-192, miR-194, and nuR-204), and
fung epithelial cells (e.g., let-7, miR-133, and miR-126). Thus, in various embodiments, an
mRNA can comprise one or more binding site for any of the afore-mentioned miRs, alone or
in combination, to regulate thereby regulate tissue expression of an encoded protein of
interest.

For example, an mRNA may include one or more miRNA binding sites that are bound

by miRNAs that have higher expression in one tissue type as compared to another. In
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another example, an mRNA may include one or more miRNA binding sites that are bound by
miRNAs that have lower expression in a cancer cell as compared to a non-cancerous cell of
the same tissue of origin. When present in a cancer cell that expresses low levels of such an
miRNA, the polypeptide encoded by the mRNA typically will show increased expression. If
the polypeptide 1s able to induce apoptosis, this may result 1o preferential cell killing of
cancer cells as compared to normal cells.

For example, liver cancer cells (e.g., hepatocetlular carcinoma cells) typically express
low levels of miR-122 as compared to normal liver cells. Therefore, an mRNA encoding a
polypeptide that includes at least one nuR-122 binding site {e.g , in the 3’-UTR of the
mRNA) will typically express comparatively low levels of the polypeptide in normal liver
cells and comparatively high levels of the polypeptide in liver cancer cells. If the polypeptide
is able to induce apoptosis, this can cause preferential cell killing of liver cancer cells (e g,
hepatocellular carcinoma cells) as compared to normal Hiver cells.

Accordingly, as a non-limiting example of incorporation a miR binding site(s) into a
mRNA to modulate tissue expression of an encoded protein of interest, mRNAs of the
disclosure may include at least one miR-122 binding site. For example, a mRNA of the
disclosure may include a miR-122 binding site that includes a sequence with partial or
complete complementarity with a miR-122 seed sequence. In sorue embodiments, a miR-122
seed sequence may correspond to nucleotides 2-7 of a miR-122. In some embodiments, a
miR-122 seed sequence may be 5-GGAGUG-3". In some embodiments, a miR-122 seed
sequence may be nucleotides 2-8 of a miR-122. In some embodiments, a miR-~122 seed
sequence may be 5’ -GGAGUGU-3’. In some embodiments, the miR-122 binding site
includes a nucleotide sequence of 5” - UAUUUAGUGUGAUAAUGGCGUU - 37 (SEQ 1D
NO: 45y or 5 - CAAACACCAUUGUCACACUCCA -3 (SEQ ID NO: 46)ora
complement thereof. Tn sore embodiments, inclusion of at least one miR-122 binding site in
an mRNA may dampen expression of a polypeptide encoded by the mRNA in a normal liver
cell as compared to other cell types that express low levels of miR-122. In other
embodiments, inclusion of at least one miR-122 binding site in an mRNA may allow
increased expression of a polypeptide encoded by the mRNA in a liver cancer cell (e.g., a
hepatocellular carcinoma cell} as compared to a normal liver cell.

In yet another embodiment, the mRNA (e g, the 3’ UTR thereof) can comprise at
feast one miR binding site for a miR expressed in immune cells, to thereby reduce or inhibit

immune activation (e.g., B cell activation, cytokine production, ADA responses) upon nucleic
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actd delivery in vivo, and can comprise at least one miR binding site for modulating tissue
expression of an encoded protein of interest. For example, in one embodiment, the mRNA
comprises a iR-122 binding site, to thereby allow increased expression of a polypeptide
encoded by the mRNA in a liver cancer cell {e.g., a hepatocellular carcinoma cell) as
compared to a normal liver cell, and also comprises one or more miR binding sites for a miR
expressed in immune cells, e.g., selected from the group consisting of miR-142, miR-146,
miR-155, miR-126, miR-16, miR-21, miR-223, miR-24, miR-27.

In another embodiment, the mRNA (e g, the 3' UTR thereof) can comprise at least
one miR binding site to thereby reduce or inhibit accelerated blood clearance, tor example by
reducing or inhibiting production of IgMs, e.g., against PEG by B cells and/or reducing or
inhibiting proliferation and/or activation of pDCs, and can comprise at least one miR binding
site for modulating tissue expression of an encoded protein of interest. For example, in one
embodiment, the mRNA comprises a miR-122 binding site, to thereby allow increased
expression of a polypeptide encoded by the mRNA in a liver cancer cell (e.g,, a
hepatocellular carcinoma cell} as compared to a normal liver cell, and also comprises one or
more miR binding sites, e.g., selected from the group consisting of miR-142, miR-146, miR-
155, miR-126, miR-16, miR-21, miR-223, miR-24, miR-27.

In one embodiment, the mRNA comprises a miR-122 binding site and a miR-142-3p
binding site. In another embodiment, the mRNA comprises a miR-122 binding site and a
miR-142-5p binding site. In another embodiment, the mRNA comprises a miR-122 binding
site and a miR-126-3p binding site. In another embodiment, the mRNA comprises a miR-122
binding site and a miR-155-5p binding site. In another embodiment, the mRNA comprises a
miR-~122 binding site and a miR-126-3p binding site. In another embodiment, the mRNA
comprises a miR-122 binding site, a miR-142 (miR-142-3p or 142-5p) binding site and a
miR-126 (miR-~-126-3p or miR-~126-5p) binding site. In another embodiment, the mRNA
comprises a miR-122 binding site, a miR-142 (miR-142-3p or 142-5p) binding site and a
miR-155 (muiR-155-3p or miR-155-5p) binding site. In another erabodiment, the mRNA
comprises a miR-122 binding site, a miR-126 (miR-126-3p or 126-5p} binding site and a
miR-155 (miR-155-3p or miR-~155-5p) binding site. In yet another embodiment, the mRNA
comprises a miR-122 binding site, a miR-142 {(miR-142-3p or miR-142-5p} binding site, a
miR-126 (miR-126-3p or 126-5p) binding site and a miR-155 (miR-155-3p or miR-155-5p}
binding site. In any of these embodiments, the miR-122 binding site can be a miR-~122-5p

binding site.
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A non-limiting example of a 3" UTR sequence that comprises both a miR-142-3p
binding site and a miR-122-5p binding site is shown in SEQ ID NO: 47, The structure of the
37 UTR of SEQ 1D NO: 47 includes three stop codons at its 57 end, followed immediately by
a single miR-142-3p binding site, followed downstream by spacer nucleotides and then a
single miR-122-5p binding site. The distance between the miR binding sites (e.g., miR-142-
3p and miR-122-5p) can vary considerably; a number of different constructs have been tested
with differing placement of the two miR binding sites and all have been functional. In certain
embodiments, a nuclectide spacer 1s positioned between the two miR binding sites of a
sufficient length to aliow binding of RISC to each one. In one embodiment, the two miR
binding sites are positioned about 40 bases apart from each other and the overall length of the

3" UTR is approximately 100-110 bases.

ADA4 Assays

ADA assays (bioassays) can be used to assay for both neutralizing antibodies (NABs)
and non-neutralizing, binding antibodies (BABs}). NAB assays can include both cell based
assays, for example, cell proliferation assays, biomarker assays, gene expression assays, gene
reporter assays, antibody-dependent cell-mediated cytotoxicity {ADCC) assays, complement-
dependent cytotoxicity (CDC) assays, and the hike, as well as non-cell based assays, for
example, competitive ligand-binding (CLBA} assays, surface plasmon resonance {(SPR),
enzyme-tinked immunosorbent assay (ELISA), electro-chemiluminescence (ECL), e.g.,
electro-chemiluminescence timmunocassay (ECLIA), dissociation-enhanced lanthanide
fluorescent immunocassay (DELFIA®), Gyros® anti-drug antibody (ADA) immunoassays,
fluorescent-enzyme immunoassay (FEIA), ristocetin-induced platelet aggregation (RIPA),
and the like.

In exemplary aspects, the therapeutic regimen can include conducting one or more
ADA assays before or during a therapeutic regimen. In exemplary embodiments, the ADA
assay 1s a NAB assay. In such instances, the bicassay should be related to product
mechanism of action, otherwise the assay will not be informative as to the effect of NAB on
clinical pharmacology. In preferred embodiments, cell-based NABs are featured in the
therapeutic regimen of the disclosure. If neutralizing cell-based assays are not
feasible/available competitive ligand binding assays or alternatives may be suitable.
However, when these are used, it 13 preferably demonstrated that the assays retlect

neutralizing capacity/potential in an appropriate manner.
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In addition to directly measuring the ADA response, the level of immune cell
activation also can be evaluated as a measure of a developing antibody response. The level
of immune cell activation can be evaluated by essentially any method established in the art
for assessing immune cell activation, such as the frequency of an activated immune cell
population, typically assessed by detection of cells expressing cell-surface activation markers,
or levels of production of one or more cytokines indicative of immune cell activation. In one
embodiment, the immune cell activation 1s B cell activation, wherein the level of B cell
activation is determined by measuring the frequency of activated B cells, such as the
frequency of activated B cells among the splenic B cell population. B cell surface markers
indicative of B cell activation are well known in the art (see e.g., Maddalay, R. et al. (2010}
FEBS Letfers 584:4383-4894). In one embodiment, B cell activation is determined by
frequency of CD19” CD86” CD6S'B cells. In another embodiment, the immune cell
activation is B cell activation, wherein the level of B cell activation is determined by cytokine
secretion, such as by secretion of interfeukin-6 (IL-6)}, tumor necrosis factor o {TNF-o) or
interferon-y (IFN-y}, e.g., in the serum of treated subjects. In one embodiment, B cell
activation is determined by secretion of 1L.-6, e.g., in the serum of treated subjects. In other
embodiments, the unwanted cytokine production that is reduced or inhibited 1s production of
interleukin-6 (IL-0), tumor necrosis factor o (TNF-a} or interferon-y (IFN-y), e.g., in the
serum of treated subjects. In another embodiment, the unwanted cytokine production that is

reduced or inhibited is production of interfeukin-¢ (IL-6).

SUMMARY OF SOME MIR SEQUENCES

SEG ID NO: Seguence
i GGEGAAAUAAGAGAGAARNAGAAGAGUAAGAAGARPIIAUARNGAGCCH
SUCGCUCH A

SAGCCUCCCACU >
CUCACGGGUACUUGAGAGGUACCUUCUUGAAGCCAAAG
AAGCCGAAAACAUCACAACCGGAUGCGCCGAGCACUGCUCCCUCAALGAGAACAUTACUGUALC

CGGAUACAAAGGUCAAUUUCUAUGCAUGGAAGAGAATGGAAGUAGGACAGCAGGCCGUCGAA

UGUGGCAGGGGCUCGCECUINUGUCGGAGGCEEUGTUGCEGEEGUCAGGCCCUCCUCGUCAACT
CAUCACAGCCGUGGCAGCCCCUCCAACUUCAUGUCGATAAAGC

UGACGACGUUGCUUCGGGCUCUGCGGCGCACAALAAGGAGGCUAUY
CCGCGGCACCCCUCCGAACGAUCACCGCGGACH
AUUUCCUCCGCEGAAAGCUGAAAUUGUAUAC
TGEGAGCCUCGEUGECCAUGCUUCUUGCCCCUUL {
CCUUCCUGCACCCGUACCCCCUCCAUAAAGTAGGAAACACTACAGUGGUCUUUGAATAAAGUC
UGAGUGGGCGGTE

(EPO with miR 142-3p binding site)

2 GCUGGAGCCUCGEEUL CAUGCUUCUUGCCCCUTGGECCUCCCCCCAGCCCCUCCUCCCCUUC
CUGCACCCGUACCCCCUCCAUAAAGUAGGAAACACUACAGUGGUCUUUGAATUAAAGUCUGAGU
GGGCGEGET
OIS ATLT

(3'UTR with niR 142-3p binding site)
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(OS]

UCCAUAAAGUAGGAAACACUACA
{miR 142-3p binding site)

GSGATNFSLLKOQAGDVEENPGP
(2 A peptide)

n

GGAAGCGGAGCTACTAACTTCAGCCTGLTGAAGCAGGCTGGAGACGTGGAGCGAGAATCCCTGGEA
CCT
{polynucleotide encoding 2A peptide)

TCCEEACTCAGATCCGGGGATCTCAAAATTGTCGCTCOTGT CAAACAAACT CTTAACTTTGAT
TTACTCAAACTGGCTGGGGATGTAGAAAGCAATCCAGETCCACTC

{(polynucleotide encoding 2A peptide)

GGCAAAUADRGAGAGARAAGAAGAGUAAGAAGAALTAUS AACA'::L CACCAUG CAGvaALCA -U
GUCCCGECEUGEUUGUGGUUGCUGCUGUCECUCUTUGAGCCUCCCACUGGGACUCCCUGUGCUGE
GGGCACCACCCAGATUGAUCUGS CUCACGGGUACUUGAGAGGUACCUUCUUGAAGCCAAAG
AAGCCGAAAACAUCACAA ,CGGZ\-‘UuCCCCGZ\GC]‘ CUGCUCCCUCAAUGAGAACAUTACUGUAC
CGGAUACAARA GGUCAAUU”"‘UA"'GC’AT GGAAGAGAAUGGAAGUAGGACAGCAGGCCGUCGARG
UGUGGCAGGGGCUCGCGCUUUUGUCGGA S"Luub[-x* UGCGEGEGUCAGGCCCUCCUCGUCAACT
CAUCACAGCCGU "“r(‘C""U' /—L/J‘f UCAUGUCGAUAAAGCEG CG SCUCC r(‘A"ICU
UGACGACGUUGCUUCGGGCUCUGGE ACAAAAGGAGGCUAUUUCGCCGCCUGACGCGET
CCGCGGCACCCCUCCGAACGAU CA\,JTCG SACACGUUUAGGAAGCUUUL IUZ AGU CJAL’\GCA
AUDUUCCUCCGCGGAAAGCUG AhhdU" \WUACUGGUGAAGCGUGUAGGACA CCGA 1CGCUGAU
AAUAGGCUGGAGCCUCGGUGGECCA UCUUGCCCLCUU LL/J”(‘(""‘CAGCC SCUCCUCC
CCUUCCUGCACCCGUACCCLCLGE fi(SUL/JLU(‘MA AAAGUCUGAGUGGGCEGET

(human EPO no miR binding sites)

CGEGLG

UGUAGUGUUUCCUACUUUAUGGA
{miR 142-3p sequence)

9

CAUARAGUAGAAAGCACUACU
{1mR 142-5p sequence)

10

CCUCUGAAAUUCAGUUCUUCAG

11

(miR 146-3p sequenee)
UGAGAACUGAAUTUCCAUGGEUU
{(miR 146-5p sequence)

12

CUCCUACAUAUUAGCAUUAACA
{(miR 135-3p sequence)

UUAAUGCUAAUCGUGAUAGGGGY
(iR 135-5p sequence)

UCGUACCGUGAGUAATAAUGCG
(R 126-3p sequence)

[
W

CAUUAUUACUUUUGGUACGCG
(miR }26~55 sequence)

CCAGUAUUAACUGUGCUGCUGA
{ nuR 16-\p SequUence)

UAGCAGCACGUAAAUAUUGGCG
(miR 16~5p sequence)

is

CAACACCAGUCGALUGGEGECUG
{(miR 21-3p sequence)

UAGCUUAUCAGACUGAUGUUGA
{(miR 21-5p sequence)

UGUCAGUUUGUCAAAUACCCCA
(iR 223-3p sequence)

CGUGUAUUUGACAAGCUGAGUU
{(miR 223 -Sp sequence)

G}

UGGCUCAGUUCAGCAGGAAC

{miR 24-«;} SSQULNCE)

<

UGCCUACUGAGCUGAUAUCAG
{miR 24-3p sequence)

UUCACAGUGGCUAAGUUCCEC
{(miR 27-3p sequence)

AGGGCUUAGCUGCUUGUGAGCA

{(miR 27-5p sequence)
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CGCAUUAUUACUCACGGUACGA
{miR 126-3p binding site)

N2

~3

UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGECCUCCCCCCAGT

cccuc

CUCCCCUUCCUGCACCCGUACCCCCCGCAUTAUUACUCACGGUACGAGUGGUCUTUGAAUARA

GUCUGAGUGGGCEGT
(3'UTR with miR 126-3p binding site)

GGGAAAIAAGAGAGAAAAGARGAGUAAGAAGAAAUATUAACGAGCCACCAUGGGAGUGCA
GUCCCGCGUGGUUGUGGUUGCUGCUGUCGCUCUUGAGCCUCCCACUGGGACUGCCUGU
GGGCACCACCC ;'::AJ'J '1"”Ubb SACUCACGGGUACUUGACGAGGUACCUUCUUGAAGC

Talal

C C—AGT j
GCUG
C HAA(J

AAGCCGAAAACAUCACAACCGGAUGCGCCCAGCACUGCUCCCUCAAUGAGAACATUACUGUAC

CGGAUACARAG UCJZ\'\J"\L' JUCUAUGCAUGGAAGAGAAUGGAAGUAGGACAGCAGGCCGU
UGUGGCAGGGGECUCGCGCUUTUGUCGEAGGCEGUGTUGCEGEEGUCAGGCCCUCCUCEU

CGARAG
CAACU

CAUCACAGCCGUGGGAGCCCCUCCAACUUCAUGUCGAUAAAGCGEUGUCGG ~GCUC"‘GCA0;

UGACGACGUUGCUUCEEGCUCUGEGCGCACARAAGGAGGCUAUUUCGCCGCCUGACET
CCGCGGCACCCCUCCHRACGAUCACCGCGGACACGUUUAGGRAGCUUUUUAGAGU GUA
AUUUCCUCCGCGEARAGCUGARAUUGUAUACUGGUGAAGC GUGUAGGACAGGGGAUCE
ARUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCOCCU

GGC

CAGCR

cyU L:rAD
CCycc

ccu U\ CUGCACCCGUACCCCCCGCAUUADUACUCACGGUACGAGUGGUCUUUGAAUAAAGUCY

GAGUGGELEGEE

(hE PO with miR 126-3p binding site)

GGGAAAIAAGAGAGAAAAGARGAGUAAGAAGAAAUATUAACGAGCCACCAUGGGAGUGCA
GUCCCGCEUGGUUGUGGUUGCUGCUGU ""CJ” CCUCCCACUGGES C”CC UQU
GGGCACCACCCAGAUUGAUCUGCGACUCACGE UGCAGAGGUACCUUCUUGAAGC

CGAGU
GCUGE
CARAG

AAGCCGAAAACAUCACAACCGGAUGC C\asz]\\\J\/AF J' sCUCCCUCAAUGAGAACAUUACUGUAC

CGGAUACAAAGGUCAAUUUCUAUGCAUGGAAGAGAAUGGAAGUAGGACAGCAGGCCGUCGAAG
UGUGGCA "’"‘C”“bCC’”" JdbbCU"”CAGGC""UGdd >CGGGGUCAGGCCCUCCUCGUCAACU

AJ’ ACAGCCGUGGGAGCCCCOUCCAACUUCAUGUCCAUAAAGCGEUGUCGGEGGECUCCGCAGCU

UGACGACGUUGCUU _‘,GGGCU”.U(?":GLU ACAMAAGGAGGCUAUUUCGCCGCCUGACGCGGLCU
CCGLGEGCACCCLUCCGAACGAUCACCGLGGACACGUUUAGGAAGCUUUUUAGAGUGUACAGCA
AUTUC 3'. CCGCGGAAAGCUGAAAUUGUAUACUGGUGAAGCGUGUAGGACAGGGEAUCGCUGAL
ARAUAGUCCAUAAAGUAGGAARACACUACAGCUGGAGCCUCGGEUGGCCAUGCUUCUUGCCCCUUG
GGCCT 'L"""”(‘(‘“ CCCCUCCUCCCCUUCCUGCACCCGUACCCCCCGCAUVATUACUCACGGUA

CEAGUGGUCUUUGAAUARAGUCUGAGIGGGCEEE
(h}:PO with miR 142-3p and miR 126-3p binding sites)

)

30 TEATAATAGGCTGGAGCCTCGETGGECCATGC TTGCCC
CTCCCCTTCOTGCACCCETACCCCCETGATCTTTGAATARAGTCTGAG wo@‘““ec
(3 UTR, no miR binding sites)

31 TEATAATAGGCTGCGAGCCTCGETGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTC
CTCCCCTTCCTECACCCETACCCCOTCOATARAGTAGGAAACACTACAGTGETCTTTGAATAA

AGTCTGAGTGGEGCGEE
(3” UTR with miR 142-3p binding site)

98]

TEATAATAGCCTGGAGCOTCGGTEENCATGCTTCTTGCCCCTTGGGCCTOCCCCCAGCOCOTC
”Th””‘Tm”FT”Lﬁb’”GT“b CCCCGCATTATTACT CACGETACGAGTCETCTTTGARTARA

GTCT GT GGC
{3’ UTR wﬂh IIHR 126-3p binding site)

33 TGATAATAGTCAJ“XT]\\]\\]\GT?‘\GG]\\]\\]\C‘[\\—AA—\EK/I'\\:I CTGGAGCCTCGETGGCCATGCTTCTTGCCC
CTTGGGCCT \,k,CCA\:rC‘f\,k,T‘CCTC‘f\,k,T‘TLL’LGCACC\JL}T \CCCCCLGCATTATTACTCAC
GGTAC G,x\u GGTCTTTGAATARAGTCTGAGT GGGCGEGET
{3 UTR with iR 142-3p and ;iR 126- Jp binding sites)

34 UUAAUGCUAATUGUGAUAGGGGU
{miR 155-5p sequence)

35 ACCCCTATCACAATTAGCATTAA
{(miR 155-5p binding site)

36 TEATAATAGGCTGCGAGCCTCGETGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTC
CTCCCCTTCCTGCACCCGTACCCCCGTGETCTTTGAATAAAGTCTGAGTGGGCGGC
(3’UTR with no miR binding siig)

37 UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGEECCUCCCCC] GCiCC"”U’“
CUCCCCUUCCUGCACCCGUACCCCCUCCATAAAGUAGGAAACACUACAGUGGUCUUUGAAUAA

AGUCUGAGUGGGCGGEL
(3"UTR with nuiR 142-3p binding site)
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38

TGATAATAGTCCATAAAGT JSGA AACACTACAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCC
CTTGGGCCTCCATAAAGTAGGAAACACTACATCCCCCCAGCCCCTCCTCCCCTTCCTGCACCC
GTACCCCCTCCATAAAGTAGGAAACACTACAGTGGTCTTTCGAATAAAGTCTGAGTGEECEEE

(37 UTR with 3 nmuR 142-3p binding ‘SHCS)

TGATAATAGGCTGE AGCFT““'TCCC
CTCCCCTTCOTGCACCCGETACCT

GCCTCCCCCCAGCCCOTC
SGTGETCTTTGARATARAG

TCTGAGCTGEEGCEEC
(3"UTR with nuiR 142-5p binding site)
40 TGATAATAGAG TAGTGCTTTCTACTT TATCGGCTGGAGCCTCEGETGGCCATGCTTICTTGCCCCT
TGGGCCAGTAGTGCTTTC TACTTTATGTCCCCCCAGCCCCTCCTCCCUTTCCTGCACCCETAC
CCCCAGTAGTLCTTTCTACTTTATGGTGGTCTTTGAATARAAGTCTGAGTGGECGGT

{(3’UTR with 3 miR 142-5p binding sites)

41

TEATAATAGAGTAGTGCTTTCTACTTTATGGCT ;r(-‘xf- G’CCTCGGT‘ -,' 5
TGGGCCTCCATARAGTA \ A
ACCCCCAGTAGTGCTT T TACTIT, 7\'f’v’?GT'GL>J (,"[‘T I uAATf«AZ‘
(3’UTR with 2 miR 142~5p binding sites and 1 miR 142-3p bmdmg &nte)

42

TGATAATAGGCTG SAGCCTCGGTGGCCATGCTTCTTEGCCC LT‘f‘-vu l(,TCCC CCCAGCCCCTC
TCCCCTTCCTGCACCCETACCCCCACCCCTATCACAATTAG ' A

AGTCTGAGL GGGCGGT

{3’UTR with miR 155-3p binding sife)

43

TCATAATAGACCCCTATCACAATTAGCATTAAGCTGGAGCCTCGGETGGCCATGCTTCTTECCC
CTTGGGCCACCCCTATCACAATTAGCATTAATCCCCCCAGCCCCTCCTCCCCTTCCTGCACCC
GTACCCCCACCCCTATCACAATTA FC‘Z‘:TTZAGT GTCTTTGAATAAAGTCTGAGTGGGCGEET

(3" UTR with 3 miR 135-3p binding si

44

TCATAATAGACCCCTATCACAAT ”A-CC I"’AASCI GGAGCCTCGETGGCCATGCTTCTTGCCC
CTTGGGCCTCCATAAAGTAGGAAACACTACATCCCCCCAGCCCCTCCTCCCCTTCCTGCACCC
GTACCCCCACCCCTATCACAAT TAGCATTAAGTGGTCTTTGAATAAAGT CTGAGTGGGECGEL
{3’UTR with 2 miR 135-5p binding sites and 1 mulR 142-3p binding site)

UAUUUAGUGUGAUAAUGGCGUU
{(miR 122 binding site)

46

CAAACACCAUUGUCACACICCA
{miR 122 binding site)

47

TCATAATAGTCCATAAAG T AG GZ‘V«AC

CTTGGGCCCAAACAL
TACCCCCGET GGTCTTTGZ-‘A-\ =‘AAAL7’L
(3'UTR with miR 142-3p and miR 122-

ATGCTTCTTGCCC
CTTCCTGCACCCG

48 TEATAATAGTCCATAAAGTAGGAAAL, -sGCCTC‘f"”mGGCCZ-‘ 'GCTTCTTGECCC
CTTGGGCCTCCCCCCAGCCCOTCCT STACCCCCOETGGETCTTTGAATAA
AGTCTGAGTGEGECGET

{(3'UTR with rmR 142-3p binding site, P1 insertion)
49 TEATAATAGGCTGGAGCCTCGGTGGCTCCATARAGTAGGAAACACTACACATGCTTCTTGCCC
CTTGGGCCTCCCCCCAGCCCOCTCCTCCCOCTTCCTGCACCCGTACCCCCEGTGETCTTTGAATAA

AGTCTGAGTGEELGEGE

{3'UTR with miR 142-3p binding site, P2 nsertion)

TEATAATAGGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGEGCCTCCATAAAGTAGGAA
ACACTACATCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCETGETCTTTGAATAA
AGTCTGAGTGGGCGGE

{3'UTR with miR 142-3p binding site, P3 osertion)

th
hud

AGUAGUGCUUUCUACUULUAUG
{miR-142-5p binding site)

R
N2

GACAGUGCAGUCACCCAUAAAGUAGAAAGCACUACUAACAGCACUGGAGGEGUGUAGCUGUUUCC
UACUUUAUGGAUGAGUGUACUGUG
{(miR-142)

a3 GGGAAATANGAGAGAAAAGAAGAGTAAGAAGAANATATAAGAGCCACC
(3 UTR)
54 TGATAATAGCAAACA LCA’l“‘""T‘pAf“hf“""‘LﬁGCl‘CCAGLC" CrC‘l"GbCCATC("T'T""T“’?‘Gf‘("‘C

TTGGGCCLCAAACACCATTGTCACACTCCATCCCCC
ACCCCCCAAACACCATTGTCACACTCC] AGTbC-TCT‘T FGAAT AM GT

(3'UTR with 3X miR122 binding sites)

CACCOaT

CT LJAGT ';:UGL/'UGC
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U
N

GGGAAATAAGAGTCCATARAGTAGGAAACACTACAAGAALAAGAAGAGTAAGAAGARAATATARAG
AGCCACC
(8" UTR with miR142-3p binding site at position pl)

GGGAAATAAGAGAGAARAGAAGAGTAATCCATARAGTAGCGAAACACTACAGARGARATATAAG
AGCCACC
{5' UTR with miR142-3p binding site at position p2)

U
~k

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAATCCATARAGTAGGARACACTACAG
AGCCACC
{5' UTR with miR142-3p binding site at position p3})

GGGAAATARGAGCAAACACCATTCTCACACT CCAACGAAAACAAGCAGTAAGAACGAAATATAAGA
GCCACC

(5" UTR with miR122-3p binding site at position pl}

U
)

GGGAAATAAGAGAGAAAAGAAGAGTAACALAACACCATTGTCACACTCCAGAAGAAATATANGA
COCACT
=g S A

(8" UTR with miR122-3p binding site at position p2)

60

GGGAAATARAGAGAGAARAGAAGAGTAAGAAGARATATAACAAACACCATTGTCACACTCCAGA
GCCACC
{8' UTR with miR122-3p hinding site at position p3)

UGAUAAUAGUCCAUAAAGUAGGAAACACUACAGCUGEAGCC i
CUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCEUACCCCCLG
CGCUACGAGUGGUCUUUGAAUAAAGUCUGAGUGGEGCGEC

(3”7 UTR with muiR 142-3p and miR 126-3p binding sitcs)

ACCCCUAUCACALAUUAGCAUUAA
{(miR 155-5p binding site)

UGAUAAUAGUCCAUAAAGUAGGAAACACUACAG
CUUGGGCCUCCAUAAAGUAGGAAACACUACAUCC
GUACCCCCUCCAUAAAGUAGGAAACACUACAG

(37 UTR with 3 nuR 142-3p binding sites)

CCUCGGUGGCCAUGCUUCUUGCCC
G SCUCCUCCCCUUCCUGCACCC

64

=
[0)]
@]
@
s
(@]
e
o

UGAUBAUAGGCUGGAGCCUCGGUGGECCATGCUUCL z
CUCCCCUUCCUGCACCCGUACCCCCAGUAGUGCUITUCUACUU
UCUGAGUGGGCGEC

(3"UTR with miR 142-3p binding site)

sGGCCUCCCCCCAGC
2

~CCCucC
CUUUGAAUAALAG

65

UCGGUGGCCAUGCUILUCUU

UGAUBAUAGACUAGUGCU
UGGGCCAGUAGT
CCCAGUAGUGCUUUCUACTTITAUGGUGGUCUUUGAAUAAAGUCUGAGUGEGCGEEC

(3’UTR with 3 miR 142~5p binding sites)

66

UGAUAAUAGAGUAGUGCUUICUACUDTAUGGCUGGAGCCUCGGEUGGCCAUGCUUCUUGCCCCU
UGGGCCUCCAUAARAGUAGGAAACACUACAUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCEU
ACCCCCAGUAGUGCUUUCUACUUUAUGGUGGUCTUUUGA,

AURAAAGUCUGAGUGGGCGEET
{(3’UTR with 2 miR 142-3p binding sites and 1 iR 142-3p binding site)

UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCTUGCCCCUUGEE

CUCCCCUUCCUGCACCCGIACCCCCACCCCUAUCACAAUUAGCATTUAAG
AGUCUGAGUGGGLGGT

{(3’UTR with nuR 155-3p binding sile}

68

UGAUAAUAGACCCCUAUCACAAUUAGCAUUAAGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCC
CUUGGGCCACCCCUAUCACAAUVUAGCAUTAAUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCC
A

GUACCCCCACCCCUAUCACAAUUAGCAUUAAGUGGUCUUUGAAUAAAGUCUGAGUGGGCGEL

69

{3 UTR with 3 mR 1535-5p binding sites)
UGAURAUAGACCCCUAUCACAAUUAGCAUTUAAGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCC
CUUGGGCCUCCAUAAAGUAGGAAACACUACAUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCC
GUACCCCCACCCCUAUCACAAUUAGCAUUAAGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGEC

{(3’UTR with 2 miR 155-5p binding s

~
<

s and 1 puR 142-3p binding site)
UGAURAUAGGCUGGAGCCUCGGUGGCUCCAUAAAGUAGGAAACACUACACAUGCUUCUUGCCC
CUUGGGCCUCCCCCCAGCCCO L

CUCCUCCCCUUCCUGCACCCEUACCCCCGUGGUCUUUGAAUAA
AGUCUGAGTGGECGGE

(3'UTR with miR 142-3p binding site, P? insertion)

,—«.
[
,—«.
[

= I
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71 UGAURAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGELECCUCCATAAAG b (:’ AA
ACACLACAIJ CCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCICCGUGGUCUUUGAAUAN
AGUCUGAGUGGGCGGEL
(3'UTR wath miR 142-3p binding site, P3 chmom

72 GGGAAAUAAGAGUCCAUAAAGUAGGAAACACUACAAGAAAAGAAGAGUAAGAAGAAAUAUAAG
AGCCACC
(8" UTR with miR142-3p binding site at position pl)

73 GGGAAAUAAGAGAGAARAGAAGAGUAAUCCAUAAACUAGCARAACACUACAGAAGAAAUATAAG
AGCCACC
{8' UTR with miR142-3p binding site at position p2)

74 GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUALAUCCAUAAAGUAGGARACACUACAG
AGCCACC
(5" UTR with miR142-3p binding site at position p3)

Stop codon = bold

miR 142-3p binding site = underline

miR 126-3p binding site = bold underline

miR 122-5p binding site = double underline

miR 155-5p binding site = italicized

miR 142-5p binding site = italicized and bold underline

Platelet effects and toxicity

The invention is further premised in part on the elucidation of the mechanism
underlying dose-limiting toxicity associated with LNP administration. Such toxicity may
wnvolve coagulopathy, dissemunated intravascular coagulation (DIC, also referred to as
consumptive coagulopathy}, whether acute or chronic, and/or vascular thrombosis. In some
instances, the dose-limiting toxicity associated with LNPs is acute phase response (APR) or
complement activation-related pseudoallergy (CARPA).

As used herein, coagulopathy refers to increased coagulation (blood clotting) in vivo.
The findings reported in this disclosure are consistent with such increased coagulation and
significantly provide insight on the underlying mechanism. Coagulation is a process that
involves a number of different factors and cell types, and heretofore the relationship between
and interaction of LNPs and platelets has not been understood in this regard. This disclosure
provides evidence of such interaction and also provides compounds and compositions that are
modified to have reduced platelet effect, including reduced platelet association, reduced
platelet aggregation, and/or reduced platelet aggregation. The ability to modulate, including
preferably down-modulate, such platelet effects can reduce the incidence and/or severity of
coagulopathy post-ENP administration. This in turn will reduce toxicity relating to such
LNP, thereby allowing higher doses of LNPs and importantly their cargo to be administered

to patients in need thereof.
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CARPA is a class of acute immune toxicity manifested in hypersensitivity reactions
(HSRs), which may be triggered by nanomedicines and biologicals. Unlike allergic
reactions, CARPA typically does not involve IgE but arises as a consequence of activation of
the complement system, which is part of the innate immune system that enhances the body’s
abilities to clear pathogens. One or more of the following pathways, the classical
complement pathway (CP), the alternative pathway {AP), and the lectin pathway (LP), may
be involved in CARPA. Szebeni, Molecular Trnmunology, 61:163-173 (2014).

The classical pathway is triggered by activation of the Cl-complex, which contains.
Clq, Clr, Cls, or Clgr2s2. Activation of the Cl-complex occurs when Clq binds to IgM or
1g(G complexed with antigens, or when Clg binds directly to the surface of the pathogen.
Such binding leads to conformational changes in the Clq molecule, which leads to the
activation of Clr, which in turn, cleave Cls. The C112s2 component now splits C4 and then
C2, producing Cda, C4b, C2a, and C2b. C4b and C2b bind to form the classical pathway C3-
convertase (C4b2b complex), which promotes cleavage of C3 into C3a and C3b. C3b then
binds the C3 convertase to from the C5 convertase (C4b2b3b complex). The alternative
pathway 1s continuously activated as a result of spontaneous C3 hydrolysis. Factor P
{(properdin) is a positive regulator of the alternative pathway. Oligomerization of properdin
stabilizes the C3 convertase, which can then cleave much more C3. The C3 molecules can
bind to surfaces and recruit more B, I, and P activity, leading to amplification of the
complement activation.

Acute phase response (APR) is a complex systemic innate immune responses for
preventing infection and clearing potential pathogens. Numerous proteins are involved in
APR and C-reactive protein is a well-characterized one.

It has been found, in accordance with the invention, that certain LNP are able to
associate physically with platelets almost immediately after administration in vivo, while
other LNP do not associate with platelets at all or only at background levels. Significantly,
those LNPs that associate with platelets also apparently stabilize the platelet aggregates that
are formed thereafter. Physical contact of the platelets with certain LNPs correlates with the
ability of such platelets to remain aggregated or to form aggregates continuously for an
extended period of time after administration. Such aggregates comprise activated platelets
and also innate immune cells such as macrophages and B cells.

Platelet aggregation is observed soon after LINP administration, and appears to occur

at the same time as or potentially before platelet activation as evidenced through increased
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expression of platelet activation markers such as CD31 and CD62P. LNPs that do not
associate with significant numbers of platelets but which are able to activate platelets to a
lesser degree than the more robust LNPs (discussed above) also cause platelet aggregation
very early after administration, and presumably prior to platelet activation. Thus, in vivo,
LNP association with platelets appears to occur at about the same time as aggregation of
platelets, and presumably prior to the peak of platelet activation.

Also significant is the additional observation that a subset of LINPs i3 able to activate
platelets, even without appreciable physical association with platelets. This subset is also
able to form platelet aggregates comprising B cells and macrophages.

Certain LNPs have also been shown to stimulate early interaction between platelets
{whether or not activated) and macrophages and B cells, thereby activating these latter cells
as well. The effect of LNPs on B cells and macrophages is therefore both direct and indirect,
but ultimately can lead to increased activation of such cells.

Activation of platelets could mediate complement activation. It is therefore
contemplated that certain LNPs may induce dose-limiting toxicity such as CARPA and APR
via activation of platelets and subsequently the complement system. Certain lipid
components of LNPs, such as phosphatidyicholine may bind to and activate CD36 on
platelets, which would trigger the TLR2/4/6 signaling, leading to aggregation and activation
of the platelets. Activated platelets express CD62P (P selectin), which is a C3b-binding
protein and can trigger the complement cascade. Activated platelets also recruit immune
cells such as macrophages and neutrophils, which lead to further tmmune responses including
cytokine (e.g., [L-6) secretion. Further, properdin was found to bind directly to activated
platelet via, e.g., CD62P and recruits C3b or C3(H,0), thus triggering the alternative
pathway. Saggu etal, J Immunol. 190:6457-6467 (2013}

Accordingly, uses of LNPs that do not induce platelet activation and/or aggregation;
and/or do not promote the activation of the complement system (e.g., the classic pathway
and/or the alternative pathway) could reduce the risk of LNP-related toxicity. Such LNPs
may not induce the activation of platelets and/or the complement system at all. Alternatively,
such LNPs may induce a substantially low level of platelet activation and/or complement
system activation, which is not sufficient to result in substantial dose-limiting toxicity.

Alternatively or in addition, secondary agents that block the 1mtial platelet
activation/aggregation, the initial activation of the complement system, and/or the

downstream complement cascade, either in the classic pathway or in the alternative pathway,
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could be used to prevent or reduce LNP-related toxicity. In some instances, such a secondary
agent may inhibit platelet activation, for example, inhibit CD36 activation triggered by LNPs.
In other instances, the secondary agent may inhibit CARPA or ARP, for example, inhibit the
classical pathway and/or the alternative pathway. Such a secondary agent may target at least
one component in the complement system or proteins involved in ARP, thereby blocking the
reaction cascade. For example, the secondary agent may be an antagonist of a TLR receptor
(TLRZ, TLRA4, or TLRO), CD62ZP, CD31, properdin, a component of the complement system
{e.g., Clqg, C3a, C3b, C5a, and C5b). In yet other instances, the secondary agent may be an
agent that can alleviate at least one symptom of LNP-related toxicity. Such agents include,
but are not limited to, nonsteroidal anti-inflammatory drug (NSAID) or an antihistamine
agent, which can be a histamine receptor blocker such as an H1 antagonist or an H1 inverse
agonist.

In some embodiments, dose-limiting toxicity and/or ABC can be reduced in a subject
being treated with a therapeutic regimen involving LNP-mediated drug delivery by using
LNPs that do not activate a thrombospondin receptor {e.g., CD30), which may be expressed
on the surface of immune cells {e.g., Bla or B1b cells); or other surface receptors involved in
triggering the immune responses that lead to dose-limiting toxicity and/or ABC. Such LNPs
may not activate the thrombospondin receptor at all, or could ounly induce a substantially low
fevel of its activity such that it is insufficient to induce clinically significant dose-limiting
toxicity and/or ABC. Alternatively or in addition, dose-limiting toxicity and/or ABC can be
reduced in a subject being treated with a therapeutic regimen involving LNP-mediated drug
delivery by using one or more secondary agent that inhibits the activity of a thrombospondin
receptor {e.g., CDI30) expressed on the surface of immune cells and platelets. The
thrombospondins (TSP) are a fanuly of multifunctional proteins that are expressed on the
surface of or secreted by cells such as blood platelets. The family counsists of
thrombospondins 1-5. TSP-1 is an inhibitory ligand of CD36.

Based on these findings, this disclosure contemplates and provides LNPs as well as
LNP-formulated active agents that have reduced platelet association and/or reduced platelet
activation and/or reduced platelet aggregation activity. Use of such LNPs, for example as a
delivery vehicle for an active agent, reduces the risk of developing coagulopathy, such as
disseminated intravascular coagulation (PIC, also referred to as consumptive coagulopathy),
whether acute or chronic, and/or vascular thrombosis, as well as any toxicity related thereto.

If such toxicity is dose-limiting, then use of these LNPs will enable administration of higher
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LNP doses and more importantly will enable the delivery of higher doses of the active agent
cargo carried by such LNP.

The diminution of the platelet response after LINP admunistration has additional
desirable effects, some of which may be synergistic. LNPs have been reported to activate
complement shortly after adoinistration. This activation may be direct or indirect. For
example, it has been reported that activated platelets are able to activate complement. Thus
L.INPs that reduce or prevent platelet activation will also indirectly reduce or prevent
complement activation. Complement activation can also contribute to coagulation, for
example through complement-mediated generation of thrombin. Thrombin converts
available fibrinogen to fibrin, which in turn forms clots together with platelets. Activated
platelets have thrombin receptors on their surface and therefore are able to recruit and/or raise
the local concentration of thrombin, thereby enhancing fibrin production and ultimately clot
formation. The disclosure therefore contemplates and provides additional LINPs that do not
activate complement or do not activate complement to the same degree as existing LNPs.
Yet still additional LNPs provided herewith are those that do not activate platelet and do not
activate complement.

Similarly, this disclosure contemplates LNPs that interfere with properdin binding to
platelets. Properdin is a positive regulator of the alternative pathway of the complement
system. It has been shown to bind to activated platelets, thereby activating the alternative
pathway in response to and in the vicinity of the activated platelet. Thus further
contemplated is the use of a properdin inhibitors in combination with LNPs provided herein
whether such LINPs activate or do not activate platelets, as defined below. Properdin
inhibitors include BNA and sulfated glucoconjugates, both of which are bound by properdin
and may interfere with properdin binding to activated platelets.

This disclosure theretore contemplates and provides, in some aspects, LNPs and LNP
formulations that have reduced platelet effects including reduced platelet association and/or
reduced platelet activation and/or reduced platelet aggregation activity. Certain LNPs may
atfect one, two or all three of these platelet activities. For example, some LNP may have
reduced platelet association activity, or reduced platelet aggregation activity, or reduced
platelet activation activity. Some LNP may have reduced platelet association activity and or
reduced platelet activation activity, or reduced platelet association activity and reduced

platelet activation activity, or reduced platelet aggregation activity and reduced platelet
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activation activity. Some LINP may have reduced platelet association activity, reduced
platelet aggregation activity, and reduced platelet activation activity.

The disclosure contemplates that some LINPs may be universal LNPs, intending that
they will down-modulate (or not stimulate in the first instance) one or more of the afore-
mentioned platelet activities upon administration in the majority of patients or in all patients.

Additionally, the disclosure contemplates that some LNPs may in some instances be
defined and thus identified as patient-specific. That is, some LNPs may be effective at down-
regulating a platelet response, as described herein, in some but not all patients. Thus, in some
instances, some LNPs and LNP formulations may be identified for particular patients and
may then be used only for those particular patients.

In some instances, the findings provided herein may be applied directly to
biologically active agents. For example, the biologically active agent thatis a lipid or ts
conjugated to a lipid or that is conjugated to a PEG moiety directly or indirectly, may be
modified as described herein to render the agent unable to stimulate a platelet response or

cascade.

Platelet activity assays

These various activities may be measured as described herein and/or as performed 1n
the art. For example, platelet activation may be assessed by increased expression of
activation markers such as CD31 and CD62P. Platelet aggregation may be assessed by flow
cytometry. Similarly flow cytometry may be used to detect non-platelet types such as B cells
and macrophages within such aggregates. It is to be understood that the platelet effects of
LNP can be assessed in vivo, for example in an animal model, as well as in vitro using for
example human blood. These assays may be used to screen for and/or identify LNP having

one or more of the afore-mentioned activities.

Compounds and Compositions, including I NP
The disclosure provides lipid-comprising compositions that are less susceptible to
clearance and thus have a longer half-life i vivo. This is particularly important where the
compositions are intended for repeated including chronic administration, and even more
particularly where such repeated administration occurs within days or weeks.
Significantly, these compositions are less susceptible or altogether circumvent the

observed phenomenon of accelerated blood clearance (ABC). ABC is a phenomenon in
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which liptd-containing exogenously administered agents are rapidly cleared from the blood
upon second and subsequent administrations. This phenomenon has been observed for a
variety of lipid-containing compositions, including, but not limited to, liposomes, lipid
nanoparticles, and lipid-encapsulated agents. Heretofore, the basis of ABC has been poorly
understood and accordingly strategies for avoiding it have remained elusive.

The lipid-containing compositions of this disclosure, surprisingly, do not experience
or are minimally affected by ABC upon second and subsequent administration i vivo. This
resistance to ABC renders these compositions particularly suitable for repeated use i vivo,
including for repeated use within short periods of time, including days or 1-2 weeks.

This resistance to ABC 1s due in part to the inability of these compositions to activate
Bla cells. Such compositions are therefore referred to herein as Bla inert compositions or
compositions that do not activate substantial Bla, intending that these compositions, when
combined with Bla cells, do not activate Bla cells. Activation of Bla cells may be
determined in a number of ways including, but not limited to, increased expression of
activation markers such as CD86, and expression and/or secretion of cytokines. These
compositions may or may not bind to Bla cells, and they may or may not bind to circulating
IgM. Thus, these compositions may evade detection by circulating IgM and/or by Bla cells.

Bla cells are a subset of B cells involved in innate immunity. These cells are the
source of circulating IgM, referred to as natural antibody or natural serum antibody. These
fgM antibodies are characterized as having weak affinity for a number of antigens, and
therefore they are referred to as “poly-specific” or “poly-reactive”, describing their ability to
bind to more than one antigen. Although able to produce such IgM, Bla cells are not capable
of producing IgG. Additionally, they do not develop into memory cells and thus do not
contribute to an adaptive immune response. However, they are able to secrete IgM upon
activation. The secreted IgM is typically cleared within about 12 days (half-life of IgM in
sera is about 5-8 days, Nature Review Drug Discovery 2, 52-62, January 2003), at which
point the immune system 1s rendered relatively naive to the previously administered antigen.
If the same antigen is presented after this time period {e.g., at about 2 weeks after the initial
exposure), the antigen is not rapidly cleared. However, significantly, if the antigen is
presented within that time period (e.g., within 2 weeks, including within 1 week, or within
days), then the antigen is rapidly cleared. This delay between consecutive doses has rendered

certain lipid-containing therapeutic or diagnostic compositions unsuitable for repeated use.
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The compounds, particles, and compositions described herein overcome these
limitations, thereby transforming a variety of lipid-containing compositions into efficacious
therapeutic and diagnostic agents. The Bla hipid-compositions provided herein do not
undergo accelerated blood clearance upon repeat administration and thus can be administered
repeatedly to a subject, including within short periods of time, without loss of activity.

Resistance to ABC may also be due in part to the inability of these compositions to
activate B1b cells, pDC and/or platelets. Such compositions are therefore referred to herein as
Bib pDC and/or platelets inert compositions or compositions that do not activate substantial
B1ib pDC and/or platelets, intending that these compositions, when combined with B1b cells
pC and/or platelets, do not activate B1b cells pDC and/or platelets, respectively. Activation
of Blb cells, pDC and/or platelets may be determined in a number of ways including, but not
limited to, increased expression of activation markers such as CB11b (for B1b cells), and
expression and/or secretion of cytokines, and ability to activate B cells (pDC}. These
composttions may or may not bind to B1b cells, pDC and/or platelets, and they may or may
not bind to circulating IgM or IgG. Thus, these compositions may evade detection by
circulating IgM, IgG and/or by Bla cells pDC and/or platelets.

Particles, such as LNP, typically comprise one or more of the following components:
lipids (which may include cationic hipids, helper lipids which may be neutral lipids,
zwitterionic lipid, anionic lipids, and the like), structural lipids such as cholestercl or
cholesterol analogs, fatty acids, polymers, stabilizers, salts, buffers, solvent, and the like.

In some embodiments, RNA {e.g., mRNA} of the disclosure are formulated in a hipid
nanoparticle (LNP). Lipid nanoparticles typically comprise 1onizable cationic lipid, non-
cationic lipid, sterol and PEG lipid components along with the nucleic acid cargo of interest.
The lipid nanoparticles of the disclosure can be generated using components, compositions,
and methods as are generally known in the art, see for example PCT/US2016/052352;
PCT/US2016/068300; PCT/US2017/037551, PCT/US2015/027400, PCT/US2016/047406;
PCT/US2016/000129; PCT/US2016/014280; PCT/US2016/014280; PCT/US2017/038426;
PCT/USZ014/027077, PCT/US2014/055394; PCT/US2016/52117, PCT/US2012/069610;
PCT/US2017/027492, PCT/US2016/059575 and PCT/US2016/069491 all of which are
incorporated by reference herein in their entirety.

RNA of the present disclosure may be formulated in lipid nanoparticle. In some

embodiments, the lipid nanoparticle comprises at least one ionizable cationic lipid, at least
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one non-cationic lipid, at least one sterol, and/or at least one polyethylene glycol (PEG)-
moditied lipid.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 20-60%
ionizable cationic lipid. For example, the lipid nanoparticle may comprise a molar ratic of

0-50%, 20-40%, 20-30%, 30-60%, 30-50%, 30-40%, 40-60%, 40-50%, or 50-60% ionizable
cationic lipid. In some embodiments, the lipid nanoparticle comprises a molar ratio of 20%,
30%, 40%, S0, or 60% ionizable cationic lipid.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 5-25% non-
cationic lipid. For example, the lipid nanoparticle may comprise a molar ratio of 5-20%, 5-
15%, 5-10%, 10-25%, 10-20%, 10-25%, 15-25%, 15-20%, or 20-25% non-cationic lipid. In
some embodiments, the lipid nanoparticle comprises a molar ratio of 5%, 10%, 15%, 20%,
or25% non-cationtc lipid.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 25-55%
sterol. For example, the lipid nanoparticle may comprise a molar ratic of 25-50%, 25-45%,
25-40%, 25-35%, 25-30%, 30-55%, 30-50%, 30-45%, 30-40%, 30-35%, 35-55%, 35-50%,
35-45%, 35-40%, 40-55%, 40-50%, 40-45%, 45-55%, 45-50%, or 50-55% sterol. In some
embodiments, the lipid nanoparticle comprises a molar ratio of 25%, 30%, 35%, 40%, 45%,
50%, or 55% sterol.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 0.5-15%
PEG-modified lipid. For example, the iipid nanoparticle may comprise a molar ratio of 0.5-
10%, 0.5-5%, 1-15%, 1-10%, 1-5%, 2-15%, 2-10%, 2-5%, 5-15%, $-10%, or 10-15%. In
some embodiments, the lipid nanoparticle comprises a molar ratio of 0.5%, 1%, 2%, 3%, 4%,
5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, or 15% PEG-modified liptd.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 20-60%
ionizable cationic lipid, 5-25% nou-cationic hipid, 25-55% sterol, and 0.5-15% PEG-modified
fipid.

In some embodiments, an tonizable cationic lipid of the disclosure comprises a

compound of Formula (1}

R‘*\/

S
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or a salt or isomer thereof, wherein:

R, is selected from the group consisting of Cs.ag alkyl, Cs.pp alkenyl, -R¥*YR”, -YR”,
and -R"M'R’;

R, and R are independently selected from the group consisting of H, Ci.4 alkyl, Coupa
alkenyi, -R*YR”, -YR”, and -R*0OR”, or R, and R;, together with the atom to which they are
attached, form a heterocycle or carbocycle;

R4 1s selected from the group consisting of a Cs.6 carbocycle, ~(CH2 )0,
«{CH;}),CHOR, -CHQR, -C{R),, and unsubstituted C ¢ alkyl, where ( is selected from a
carbocycle, heterocycle, ~-OR, -O(CH,)N(R),, -C{(OYOR, -OC(O)R, -CX;, -CXuH, -CXH,,
-CN, -N(R )z, ~-C{OIN(R)y, -NERYC(OIR, -NERIS{ORR, -NRIC(OIN(R )z, -NERYC(SIN(R),,
-N(R)Rs, -O(CH),0R, -N{RYC{=NRON(R),, -NRYC(=CHRINR )2, -OC{O)N(R),,
SNRIC(OYOR, -N(CR)C(OIR, -N(OR)S{O )R, -N{ORYC{OR, -N(ORYC(OIN(R ),
-NEORYC(SINR )y, -N(ORJC(=NRoIN(R )y, -N(OR)C(=CHRIN(R})s, -C(=NR)N(R},,
-C(=NRgIR, -C{ON(RJOR, and ~C{(RIN{RLC{O)OR, and each n is independently selected
from 1, 2,3, 4, and 5,
each Rs is independently selected from the group cousisting of Ciz alkyl, Cuz alkenyl,
and H;

each Re 1s independently selected from the group consisting of Cy.3 alkyl, Co3 alkenyl,
and H;

M and M’ are independently selected from -C{0)0-, -GC(O)-, ~-C(ON(R -,
-NRIC(O)-, -CLO}-, -C(8)-, -C{8)58~, -8C(S}-, -CH(CH}-, -P(O}ORHO-, -S{(O)s-, -5-8-, an
arvl group, and a hetercaryl group;

R~ is selected from the group consisting of Ci.3 alkyl, Cy.3 atkenyl, and H;

Ry is selected from the group consisting of Cs4 carbocycle and heterocycle;

Rs 1s selected from the group consisting of H, CN, NO,, Cys alkyl, -OR, -S5(OnR,
-S{ORN(RY,, Cas alkenyl, Cy4 carbocycle and heterocycle;

each R 1s independently selected from the group consisting of Cy.; alkyl, Cy.3 alkenyl,
and H;

each R’ is independently selected from the group cousisting of Ci.gz alkyl, Crus
alkenyl, -R*YR”, -YR”, and H;

each R” is independently selected from the group consisting of Cs.14 alkyl and Cy.is

alkenyl;
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each R* is independently selected from the group consisting of Cy.y; alkyl and Cy.p5
alkenyl;

each Y is independently a Cs.6 carbocycle;

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

mis selected from 5, 6, 7, 8,9, 10, 11, 12, and 13.

In some embodiments, a subset of compounds of Formula (I} includes those in which
when Ry 18 «(CH2 )0, ~(CHLLCHOR, —CHQR, or -CQ(R), then (1) Q is not -N(R); when n is
1,2,3,40r5 or (i) Q isnot 5, 6, or 7-membered heterocycloalkyl when nis 1 or 2.

In some embodiments, another subset of compounds of Formula (1) includes those in
which

R is selected from the group consisting of Csap alkyl, Cs.p alkenyl, -R¥*YR”, -YR”,
and ~-R"M’R”;

R; and R; are independently selected from the group consisting of H, Cy.4 alkyl, Cyliy
alkenyi, -R*YR”, -¥YR”, and -R*OR”, or R; and Rj, together with the atom to which they are
attached, form a heterocycle or carbocycle;

R4 1s selected from the group consisting of a Cs.6 carbocycle, ~(CH2 )0,
«{CH,},CHOR, -CHQR, -C{R),, and unsubstituted C¢ alkyl, where ( is selected from a
;.6 carbocycle, a 5- to 14-membered heteroary] having one or more heteroatorms selected
from N, O, and §, -OR, -O(CH),N(R ), -C{OJOR, -OC{O)R, -CX;, -CXGH, -CXH;, -CN,
-C{ON(R), -NRYC(OIR, -NR)S(O)R, -NERIC(OMNER ), -NERIC(S)NR),,
-CRN(RRCOOR, -N{R)Rs, ~O(CHL)O0OR, -NRIC(E=NRINR )Yz, ~-NRIC(=CHRON(R ),
~OC{O)N(R),, -NRYC(OYOR, -N(OR)YC(O)R, -N(OR)IS(O)R, -N(OR)C(O)0OR,
SN{ORYC(OIN(R ), -N{ORJC{SINR Y2, -N{ORYC{(=NRoIN{R ), -N(ORYC{(=CHRIN{R},
-C(=NRyIN(R},, -C(=NRg}R, -C{ON(R}OR, and a 5- to 14-membered heterocycloalkyl
having one or more heteroatoms selected from N, O, and S which is substituted with one or
more substituents selected from oxo (=0}, OH, amino, mono- or di-alkylamino, and €3
alkyl, and each n is independently selected from 1, 2, 3, 4, and 5;

each Rs 1s independently selected from the group consisting of Cy; atkyl, Cy.; alkenyl

and H;

2

each R is independently selected from the group consisting of C;; atkyl, (.5 alkenyl,

and H;
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M and M’ are independently selected from -C(O)(J-, -OC(O)-, -C(CIN{R "}~
-NRHYC(O)-, -C{O)-, -C(S)-, -C(S)8-, -S8C(S)-, -CH(OH)-, -P(O}OR")YG-, -S(O)y-, -5-S-, an
aryl group, and a heteroaryl group;

R~ is selected from the group consisting of Ci5 alkyl, Cy5 alkenyl, and H;

Rg 1s selected from the group consisting of Cse carbocycle and heterocycle;

Ry 15 selected from the group consisting of H, CN, NO», Ci6 alkyl, -OR, -S5(OnR,
-S{ORN(R ), Cu alkenyl, Cs carbocycle and heterocycle;

each R is independently selected from the group consisting of (.5 alkyl, C,.; alkenyl,
and H;

each R is independently selected from the group consisting of Ci.1g alkyl, Couig
alkenyl, -R*YR”, -¥YR”, and H;

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

each R* is independently selected from the group consisting of Cy.y; alkyl and Cy.p5
alkenyl;

each Y is independently a Cs.6 carbocycle;

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

m is selected from 5, 6, 7, 8,9, 10, 11, 12, and 13,

or salts or isomers thereof.

In some embodiments, another subset of compounds of Formula (I} includes those in
which

R, 13 selected from the group consisting of Csgp alkyl, Csyp alkenyl, -R*YR”, -YR”,
and -R"M'R’;

R, and R; are independently selected from the group consisting of H, Cy.y4 alkyl, Cyyy
alkenyl, -R*YR”, -YR”, and -R*0OR”, or R; and R, together with the atom to which they are
attached, form a heterocycle or carbocycle;

Ry 13 selected from the group consisting of a Cs carboeycle, -(CH;,3,Q,
{CH,)oCHQR, -CHQOR, -CQ(R ), and unsubstituted C 4 alkyl, where Q is selected from a
Cs.6 catboeycle, a 5- to 14-membered heterocycle having one or more heteroatorms selected
from N, O, and S, -OR, -O(CH,),N(R)s, -C(O)OR, -OC(O)R, -CX3, -CX,H, -CXH,, -CN,
-C{OWNR ), -NRIC(OIR, -NRIS(ORR, -NEYC(OINR),, -NERIC(S)NR ),
~CRN{RRC(OYOR, -N(RJRg, ~-C{CHL,0R, -N{RICENRN(R):, -NRYC(=CHRIN(R ),
-OC(OINR), -NRIC(OYOR, -N(ORYC(O)R, -N{OR)S(ORR, -N(OR)YC(O)YOR,
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SN{ORYC(OIN(R),, -N{ORJC{SINR Yy, -N{ORYC{(=NRIN{R )z, -N(ORYC(=CHRIN{R},
-C{=NRyIR, -C{OIN(R)OR, and -C(=NR¢)N(R},, and each n is independently selected from
1,2, 3,4, and 5; and when (J 15 a 5- to 14-membered heterocycle and () Ry 15 -(CH).Q in
whichnis 1 or 2, or (it} Ry is -{CH) CHQR in which nis 1, or (ii1) Ry 1s -CHQR, and
~CO(R);, then Q13 either a 5- to 14-membered heteroaryl or 8- to 14-membered
heterocycloalkyl;

each Rs is independently selected from the group cousisting of Ciz alkyl, Cuz alkenyl,
and H;

each R 1s independently selected from the group consisting of Cy.5 altkyl, C,5 alkenyl,
and H;

M and M’ are independently selected from -C{0)0-, -GC(O)-, ~-C(ON(R -,
-NRIC(O)-, -CLO}-, -C(8)-, -C{8)58~, -8C(S}-, -CH(CH}-, -P(O}ORHO-, -S{(O)s-, -5-8-, an
arvl group, and a hetercaryl group;

R is selected from the group consisting of Cy.; alkyl, C,.; atkenyl, and H;

Ry 15 selected from the group consisting of Ci¢ carbocycle and heterocycle;

Rs 1s selected from the group consisting of H, CN, NO,, Cys alkyl, -OR, -S5(OnR,
-S{ORN(RY,, Cas alkenyl, Cy6 carbocycle and heterocycle;

each R 1s independently selected from the group consisting of Cy.; alkyl, Cy.3 alkenyl,
and H;

each R’ is independently selected from the group consisting of Cy.iz alkyl, Co.iz
alkenvi, -R*YR”, -YR”, and H;

each R” is independently selected from the group consisting of Cs.14 alkyl and Cy.is
alkenyl;

each R* is independently selected from the group consisting of Cy.y; alkyl and Cy.p5
alkenvl;

each Y is independently a (s carbocycle;

each X is independently selected from the group consisting of F, Ci, Br, and 1, and

m is selected from 5,6, 7,8 9,10, 11, 12, and 13,

or salts or isoruers thereof.

In some embodiments, another subset of compounds of Formula (1) includes those in
which

Ry is selected from the group consisting of Cs.zo alkyl, Cs.po alkenyl, -R*YR”, -YR”,

and -R"M'R’;
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R; and R; are independently selected from the group consisting of H, Cy.y4 alkyl, Ch.yy
alkenyl, -R*YR”, -¥YR”, and -R*OR”, or R; and R, together with the atom to which they are
attached, form a heterocycle or carbocycle,;

Ry is selected from the group consisting of a Cs.6 carbocycle, -(CH, 0,
«{CHu)CHQR, -CHQR, -CO(R ), and unsubstituted Ci.s alkyl, where Q 18 selected from a
(s carbocycle, a 5- to 14-membered hetercary! having one or more heteroatoms selected
from N, O, and S, -OR, -O(CH,,.N(R )2, -C(O)OR, -OC(OIR, -CXs, -CXoH, -CXHy, -CN,
C{OINR ), -NRIC(OR, -NRIS(ORR, -NEYC(OIN(R Y, -NRIC(SINR ),
-CRN(R,COYOR, -N(RJRg, -O(CH ) OR, -N{RIC(=NRgIN(R),, -NRYC(=CHRN(R),,
~OC{OINR ), -NRIC(OCYIR, -N(OR)C(O)R, -N{OR)IS(O)RR, -N{ORYC{O)0R,
-N{ORJC(OIN(R )2, -NORJCENR ), -NORYC(=NRoIN(R )2, -N(OR)C(=CHRo}N(R}),,
-C(=NRgIR, -C{OIN{RIOR, and -C(=NRg)N{R},, and each n is independently selected from
1,2,3, 4, and §;

each Rs is independently selected from the group consisting of Cy; atkyl, C,.; alkenyl,
and H;

each Rs is independently selected from the group cousisting of Ciz alkyl, Cu3 alkenyl,
and H;

M and M’ are independently selected from -C{0)0-, ~OC(O)-, -C{ON{R "},
-NRDYC(O)-, -C(O)-, -C(8)-, -C(5)8~, -SC(8)-, -CH{OH)-, -P{O}ORYO-, -8(O}-, -8-5-, an
aryl group, and a heteroaryl group;

R~ is selected from the group consisting of Cis alkyl, Cy5 alkenyl, and H;

Ry 13 selected from the group consisting of Ci carbocycle and heterocycle;

Ry is selected from the group consisting of H, UN, NO;, Ci¢ alkyl, -OR, -8(O)R,
-S{O}N(R),, Ch alkenyl, Cs carbocycle and heterocycle;

each R is independently selected trom the group consisting of Cy.; alkyl, Cz.5 alkenyl,
and H;

each R’ 18 independently selected from the group consisting of Cy.is alkyl, Coag
alkenyl, -R¥*YR” -¥YR”, and H;

each R” 13 independently selected from the group consisting of Cs.iy alky!l and Ciy
alkenyl;

each R* is independently selected from the group consisting of Cy.yy alkyl and Coyy
alkenyl;

each Y is independently a Cs4 carbocycle;
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each X is independently selected from the group consisting of F, CL Br, and I; and

m s selected from 5, 6, 7, 8,9, 10, 11, 12, and 13,

or salts or isomers thereof.

In some embodiments, another subset of compounds of Formula () includes those in
which

R, 15 selected from the group consisting of Cs.a alkyl, Csgo alkenyl, -R*YR”, -¥YR”,
and -R"M'R’;

R, and R; are independently selected from the group consisting of H, Cy.4 alkyl, Coiy
alkenyl, -R*YR” -YR”, and -R*OR”, or R, and R;, together with the atom to which they are
attached, form a heterocycle or carbocycle;

Ry is -(CH» 3, Q or -{(CH,)oCHOR, where Q is -N(R},, and n 1s selected from 3, 4, and

each Ry is independently selected from the group consisting of C,.5 alkyl, C;5 alkenyl,
and H;

each Ry 1s independently selected from the group consisting of Cy.; atkyl, C,.; alkenyl,
and H;

M and M are independently selected from -C{G)0O-, -OC{0)-, -C{ON(R’}-,
NRYC(O)-, -C(O)-, -C(8)-, -C(8)S-, -SC(8)-, -CH{OH)-, -P(O}OR)YO-, -S8{(O)-, -S-5-, an
aryl group, and a heteroaryl group;

Ry is selected from the group consisting of Ci3 alkyl, €y alkenyl, and H;

each R is independently selected from the group consisting of (1.5 alkyl, Ca.5 alkenyl,
and H;

each R’ 1s independently selected from the group consisting of Cy.ip alkyl, Coe
alkenyl, -R*YR”, -¥YR”, and H;

each R” 1s independently selected from the group consisting of Cs.ig alkyl and Gy
alkenyl;

each R* is independently selected from the group consisting of Ci.1; alkyl and Cip
alkenyl;

each Y is independently a Cs.6 carbocycle;

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

m is selected from 5, 6, 7, 8,9, 10, 11, 12, and 13,

or salts or isomers thereof
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In some embodiments, another subset of compounds of Formula (I} includes those in
which

R is selected from the group consisting of Csao alkyl, Csap alkenyl, -R*YR”, -YR”,
and -R"M’R";

R, and Ry are independently selected from the group consisting of Cyy4 alkyl, Coy
alkenyl, -R¥YR” -¥YR”, and -R*OR”, or R, and R;, together with the atom to which they are
attached, form a heterocycle or carbocycle;

Ry is selected from the group consisting of -(CH;),Q, -(CHp),CHQR, -CHQR, and
-CO(RY,, where (3 is -N{R ), and n 1s selected from 1, 2, 3. 4, and §;

each Rs is independently selected from the group consisting of Cy3 alkyl, Co3 alkenyl,
and H;

each Ry is independently selected from the group counsisting of .5 atkyl, (5.5 alkenyl,
and H;

M and M’ are independently selected from -C(O)(J-, -OC(O)-, -C(CIN{R "}~
-NRDYC(O)-, -C(O)-, -C(8)-, -C(5)8~, -SC(8)-, -CH{OH)-, -P{O}ORYO-, -8(O}y-, -8-5-, an
aryl group, and a heteroaryl group;

R~ is selected from the group consisting of Ci5 alkyl, Cy5 alkenyl, and H;

each R 1s independently selected from the group consisting of Cy.; alkyl, Cy.3 alkenyl,
and H;

each R’ is independently selected from the group consisting of Cy.iz alkyl, Co.iz
alkenvi, -R*YR”, -YR”, and H;

each R” is independently selected from the group consisting of Cs.14 alkyl and Cy.i4
alkenyl;

each R* is independently selected from the group consisting of Cy.y; alkyl and Cy.p5
alkenvl;

each Y is independently a (s carbocycle;

each X is independently selected from the group consisting of F, Ci, Br, and 1, and

m is selected from 5,6, 7,8 9,10, 11, 12, and 13,

or salts or isomers thereof.

In some embodiments, a subset of compounds of Formula (I} includes those of

Formula (IA):
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R IA),

or a salt or isomer thereof, wherein | is selected from 1, 2, 3, 4, and 5; m is selected
from S, 6,7, 8, and 9; M, is a bond or M’; Ry 1s unsubstituted C, 3 alkyl, or -{CH»),Q, in
which Q is OH, -NHC(SIN(R),, -NHC(OIN(R ), -N(RIC(OIR, -N(RIS(O)LR, -N(R )R,

5  -NHC(ENRgIN(RY,, -NHC(=CHRoIN{R),, -OC{O)NER),, -NEYC(O)YOR, hetercaryl or
heterocycloalkyl, M and M’ are independently selected from -C(0)O-, -OC(0)-,
~C{OW(R}-, -P{O}ORYO-, -S-8-, an aryl group, and a heteroaryl group; and R, and R; are
independently selected from the group consisting of H, Ci.14 alkyl, and Cy.14 alkenyl.

In some embodiments, a subset of compounds of Formula (I} includes those of
10 Formula (I1):

M1°-~Rn

(II) or a salt or isomer thereof, wherein |
is selected from 1, 2, 3, 4, and 5; M; is a bond or M’; Ry is unsubstituted C,.; atkyl, or
-{CH),Q, in whichnis 2, 3, or 4, and Q 1s OH, -NHC(S)N(R )», -NHC{ON(R ).,
NERIC(OIR, -NERIS(ORR, -N(R)Rs, -NHC(E=NRON(R ), -NHC(=CHR)N(R),,

15 -OC{OINR),, -NRYC(O)YOR, hetercaryl or heterocycloalkyl; M and M’ are independently
selected from -C{O)O-, -OC(O)-, ~-C(O)N(R’)-, -P(OYORO-, -5-8-, an aryl group, and a
heteroary! group; and R, and R; are independently selected from the group consisting of H,
Ciaa alkyl, and Cp.4 alkenyl.

In some embodiments, a subset of compounds of Formula (I} includes those of

20 Formula (Ha), (ITb), (Ikc), or (Ile):




WO 2018/187590

PCT/US2018/026286

71

(IIb),

: {(Ic), or

(He},

or a salt or isomer thereof, wherein Ry is as described herein.

In some embodiments, a subset of compounds of Formula (I} includes those of

or a salt or isomer thereof, whereinnis 2, 3, or 4; and m, R’, R”, and R, through Ry

are as described herein. For example, each of R; and R; may be independently selected tfrom

5
Formula (d):
O O
e
R"
o N
<R5 . Ry
RS \T/
Ra (1d),
10 the group consisting of Cs.g alkyl and Cs.y4 alkenyl,

compound having structure:

In some embodiments, an ionizable cationic hipid of the disclosure comprises a

3
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(Cmpd393)
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HQ\H/\/N\/\/\/\\/EK
8]
0 2
{(Cmpd125)

(4}

In some embodiments, a non-cationic lipid of the disclosure comprises 1,2-distearoyl-
sn~-glycero-3-phosphocholine (BSPC), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE), 1,2-dilinoleoyl-sn-glycero-3-phosphocholine (DLPC), 1,2-dimyristoyl-sn-gly cero-
phosphocholine (BDMPC), 1,2-dioleoyl-sn-glvcero-3-phosphocholine (BOPC), 1,2-

10 dipalmitoyl-sn-glycerc-3-phosphocholine (DPPC), 1,2-diundecancyl-sn-glycero-
phosphocholine (BUPC), T-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POP(C), 1,2-di-
O-octadecenyi-sn-glycero-3-phosphocholing (18:0 Diether PC}, 1-oleoyi-2
cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine (OChemsPC), 1-hexadecyl-sn-
glycere-3-phosphocholine (C16 Lyso PC), 1,2-dilinolenoyl-sn-glycero-3-phosphocholine, 1,2-

15 diarachidonoyl-sn-glycero-3-phosphocholine, 1,2-didocosahexaenoyl-sn-glycero-3-
phosphocholine, 1,2-diphytanovl-sn-glycero-3-phosphoethanolamine (ME 16.0 PE), 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine, 1,2-dilinoleoyl-sn-glycero-3-
phosphoethanolamine, 1,2-dilinolenoyl-sn-glycero-3-phosphoethanolamine, 1,2~
diarachidonoyl-sn-glycero-3-phosphoethanolamine, 1,2-didocosahexaenoyl-sn-glycero-3-

20 phosphoethanclamine, 1,2-dicleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt
(DOPG), sphingomyelin, and mixtures thereof.

DSPC has the tollowing structure:

o
1
I

b
£ - »}K,A,,f"’\,\c‘.f"x_\4.-~“*‘m,\,«*-“-\.\,.~v"“\,vx""»\“,f"xv.f'*\_\
o a¥n b o
Ki\? *"‘\J\'\a.__‘*"&"‘ﬁ“'{J“’\J‘"‘ g -T{“"N‘—Nw’@‘»\.-m.«"M\\.‘*“'"N‘bx;/“"'\'\wo"”“‘“\..»"‘A“"a.a*"\\._.‘-"’
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Oleic Acid Analogs

As described herein, non-cationic lipids useful in the present invention include
analogs of oleic acid. As described herein, an oleic acid analog can comprise a modified oleic
acid tail, a modified carboxylic acid moiety, or both. In certain embodiments, an analog of

5 oleic acid 18 a compound of Formula (IV). Provided herein are compounds of Formula (BV):
O
HQ/U\ R*
(IV),

or a salt thereof, wherein:

R' is optionally substituted, Cio.0 alkyl; optionally substituted, Cio.0 alkenyl;

10 optionally substituted, Cio40 alkynyl; wherein at least one methylene group of R* is

independently replaced with optionally substituted carbocyclylene, optionally substituted
heterocyclylene, optionally substituted arylene, optionally substituted heteroarylene,~N(R™)-,

~O—, =8—, —C(O)-, —COWRM-, -NRYC(O)-, -NRNCIOINRN)-, —C(0)Y0-, -0C(0),
15 —CENRMNERY -, NRYCENRY-, -NRICENRTNER-, —C(S)-, ~CEONRY)-,

~8(0),0-, ~08(0),0-, -NRMS(O)-, —S(ONER -, -NRV)S(ONR)-, ~OS(ONRY)-,
SNERMSHO0-, 8O-, -NERNS(O)s-, ~S(O)NR-, ~NERMSORNER Y-,
~OS(ORNERM)-, or ~-NE®™MS(0L0-; and
20 each instance of RY is independently hydrogen, optionally substituted alkyl, or a
nitrogen protecting group.
In certain embodiments, the compound of Formula (IV) 18 one of the following:

HGW\/\/\\_/A/\/\/\

O
HO\P/\/\/\/\[/O
I I W
25 {(Cmpd148)
HOMQW
o 5
(Cmpd149)
o
HOWW\OW

Ci}
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{(Cmpd159),
or salts thereof.
5 In certain embodiments, an oleic acid analog is a compound wherein the carboxylic
acid motety of oleic acid replaced by a different group. In certain embodiments, an oleic acid
analog useful 10 the present invention is one of the following:

H

0. N
G o

{(Conpd157)

1
{Copd158)

e @
CFgCQz H3N ’\"/\S/ ) N NP P o
8 W_/\AN\
O

o O

15
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,N‘\]/\/\\x/\\/\\:/\/\‘\/\/\\
s
HN-N
or salts thereof.
In certain embodiments, an oleic acid analog useful in the present invention is:

OH

NaQWMM

O

U

PEGylated lipids
The lipid component of a nanoparticle composition may include one or more PEG or
PEG-modified lipids. Such species may be alternately referred to as PEGylated lipids. A
PEG lipid ts a lipid modified with polyethylene glycol. A PEG lipid may be selected from
10 the non-limiting group consisting of PEG-modified phosphatidylethanolamines, PEG-
modified phosphatidic acids, PEG-modified ceramides, PEG-modified dialkylamines, PEG-
modified diacylglycerols, PEG-modified dialkylglycerols, and mixtures thereof. For
example, a PEG lipid may be PEG-¢c-DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-
DPPC, or a PEG-DSPE lipid.
i3 In some embodiments the PEG-modified lipids are a modified form of PEG DMG.
PEG-DMG has the following structure:

o

B4
B, o~ o g o, N =
R N N VSl
3
N

T N < R NN
TURs ¥
]
In some embodiments, a PEG modified lipid of the disclosure comprises a PEG-modified
phosphatidylethanolamine, a PEG-modified phosphatidic acid, a PEG-moditied ceramide, a
20 PEG-modified dialkylamine, a PEG-modified diacylglycerol, a PEG-modified
dialkyiglycerol, and mixtures thereof. In some embodiments, the PEG-modified lipid is
PEG-DMG, PEG-¢-DOMG (also referred to as PEG-DOMG), PEG-DSG and/or PEG-DPG.
In some embodiments, a sterol of the disclosure comprises cholesterol, fecosterol,
sitosterol, ergosterol, campesterol, stigmasterol, brassicasterol, tomatidine, ursolic acid,
25 alpha-tocopherol, and mixtures thereof.
In some embodiments, a LINP of the disclosure comprises an ionizable cationic lipid
of Compound 1, wherein the non-cationic lipid is DSPC, the structural lipid that is

cholesterol, and the PEG lipid 1s PEG-DMG.
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In some embodiments, a LINP of the disclosure comprises an NP ratio of from about
2:1to about 30:1.

In some embodiments, a LINP of the disclosure comprises an N:P ratio of about 6:1.

In some embodiments, a LNP of the disclosure comprises an N:P ratio of about 3:1.

In some embodiments, a LNP of the disclosure comprises a wt/wt ratio of the
ionizable cationic lipid component to the RNA of from about 10:1 to about 100:1.

In some embodiments, a LNP of the disclosure comprises a wit/wt ratio of the
tonizable cationic lipid component to the RNA of about 20:1.

In some embodiments, a LNP of the disclosure comprises a wt/wt ratio of the
ionizable cationic liptd component to the RNA of about 10:1.

In some embodiments, a LNP of the disclosure has a mean diameter from about 50
am to about 150 nm.

In some embodiments, a LNP of the disclosure has a mean diameter from about 70

nm to about 120 nm.

PEG and PEG-OH Lipids
In certain embodiments, a PEG lipid useful in the present invention is a compound of

Formula (JE]). Provided herein are compounds of Formula (FF):

R:f{\/\ O};L"mQMmA
(),
or salts thereof, wherein:

R is -ORY;

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

1 18 an integer between 1 and 100, inclusive;

L' is optionally substituted C;.1o alkylene, wherein at least one methylene of the
optionally substituted Cy.10 alkylene is independently replaced with optionally substituted
carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene,
opticnally substituted heteroarylene, ~O-, ~NR)-, 8-, ~C{O}-, ~COOINRN -,
NRNC(O)-, -C(0)0—, ~OC(0)-, ~OC(0)0—, ~OC(ONRN -, -NRNC(0)O-, or —
NRNC(OWNRM )~

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

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

‘s

L2-R?
‘e 7
: y L2-R? \\/\
A 13 of the formula: or ;

each instance of L’ is independently a bond or optionally substituted C . alkylene,
wherein one methylene unit of the optionally substituted Ci alkylene is optionally replaced
with ~O—, -N(R™)—, —8-, ~C(O)-, ~“CIONRN)-, -NRC(O-, ~C(O)Y0-, —-0C(0)-,
~DC(0Y0-, —OCLOMNR -, -NRNC(OYO-, or -NRNC(OINERY)—;

each instance of R” is independently optionally substituted C,.3 alkyl, opticnally
substituted Cy.3 alkenyl, or optionally substituted C,.3 alkynyl; optionally wherein one or
more methylene units of R? are independently replaced with optionally substituted

carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene,

NRMSO)r, ~SO)NRY)- NRY)SO):NR - ~OS(0:NR ), or NRYS0):0-;

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

Ring B is optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, or optionally substituted hetercaryl; and

pistor2

In certain embodiments, the compound of Fomula (ITf) is a PEG-OH lipid (z.e., R is
~OR® and R is hydrogen). In certain embodiments, the compound of Formula (111) is of

Formula (JH-OH):

HO LD A
ot P
(IH-OH),
or a salt thereof.
In certain embodiments, D is a moiety obtained by click chemistry (e.g., triazole}. In

certain embodiments, the compound of Formila (F) 1s of Formula (Fi-a-1) or (1il-a-2):
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NOOA
N= \ \
R“"\{/\O}:L"—t\ N~ ) S‘MO‘}?LLN mg

(HI-a-1) (H-a-2),

R
or

or a salt thereof.

In certain embodiments, a PEG lipid is of one of the following formulae:
OY\/\/\/\/W
5 -4 L8
] )l\/\/\/\\/\\/\/\
YL/‘&\/N o
HG-V\O ;

(Cmpd394),
G
o N=n ;’/G O
‘ /I'L\/\/‘\/‘\/\
JWK\/N\/}\O
HO i Oy
{Cmpd3906),
O
ci)

OJY/“‘ %ﬁ

/

(Cmpd395),

{(Conpd397),
or a salt thereof.
In certain embodiments, a compound of Formula (FE) 1s of one of the following

formulae:
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O

/O\Q/\@MGVEG/EL\/\/\/\/\/\/\

H

Oy ™™ e
o O i

I/O
g O\(‘/\OWQ\)\QW’

or salts thereof.
In certain embodiments, a PEG lipid useful 1n the present invention is a PEGylated
fatty acid. In certain embodiments, a PEG lipid useful in the present invention is a compound

of Formula (V). Provided herein are compounds of Formula (V)

o
Rs\c/\o)fu\ RS

(V).
or a salts thereof, wherein:

R is-OR®;

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

1 is an integer between 1 and 100, inclusive;

R’ is optionally substituted C .0 alkyl, optionally substituted Co.s0 alkenyl, or
optionally substituted Cyo.4 alkynyl; and optionally one or more methylene groups of R’ are
replaced with optionally substituted carbocyclylene, optionally substituted heterocyclylene,
optionally substituted arylene, optionally substituted heteroarviene, ~N®R" -, ~O-, ~8,

(O, ~CIONERM-, -NRNC(O)-, -NRNC(ONERM -, —C(0)0-, -OC(0)—, -0C(0)0-,

~OS(0)NRY)-, or -NERMS(0),0—; and
each instance of R is independently hydrogen, optionally substituted alkyl, or a

nitrogen protecting group.
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In certain embodiments, the compound of Formula (V) is of Formula (V-GH):

o
HO\(‘/\O}%‘\ RS

{(V-OH},
or a salt thereof.

In certain embodiments, a compound of Formula (V) is of one of the following

formulae:

O
/O\(\/\O}J‘K/\/\/\/\/\/\N\
F
(Cmpd400),
0]

/Q\{//\Ofu\/\/\//\/\/\/\/\/\

{(Cmpd401),
O

/O{/\O)?U\/\/\/\/f——\/\/\/\/

(Cmpdd403),

{(Cmpd402),

/0{/\0%‘\/\/\/\/\/\/\/\/\/\

G
LN PN

H

HO{/\G}T\/QE/\/\/\/\/\N\/\/

3

HO\L/\O%}/\\/O\/\/\/\/\W\/’\/W

) ;

or a salt thereof. In some embodiments 1 is 2-100, 10-90, 20-80, 30-60, 35-55, 40-45, 45 or
100.
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Numercus NP formulations having different PEG-lipids were prepared and tested

for activity, as demonstrated in the Examples included below.

Phospholipids, including helper phospholipids

Phospholipids, as defined herein, are any lipids that comprise a phosphate group.
Phospholipids are a subset of non-cationic lipids. The lipid component of a nanoparticle
composition may include one or more phospholipids, such as one or more (poly junsaturated
lipids. Phospholipids may assemble into one or more lipid bilayers. In general,
phospholipids may include a phospholipid motety and one or more fatty acid moteties. A
phospholipid moiety may be selected from the non-limiting group consisting of phosphatidyl
choline, phosphatidyl ethanolamine, phosphatidyl glycerol, phosphatidyl serine, phosphatidic
acid, 2-lysophosphatidyl choline, and a sphingomyelin. A fatty acid moiety may be selected
from the non-limiting group consisting of lauric acid, myristic acid, myristoleic acid, palmitic
acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid, alpha-linolenic acid, erucic acid,
phytanoic acid, arachidic acid, arachidonic acid, eicosapentaenoic acid, behenic acid,
docosapentaenoic acid, and docosahexaenoic acid. Non-natural species including vatural
species with modifications and substitutions including branching, oxidation, cyclization, and
alkynes are also contemplated. For exaruple, a phosphelipid may be functionalized with or
cross-linked to one or more altkynes (e.g., an alkeny! group in which one or more double
bonds is replaced with a triple bond). Under appropriate reaction conditions, an alkyne group
may undergo a copper-catalyzed cycloaddition upon exposure to an azide. Such reactions
may be useful in functionalizing a lipid bilayer of a nanoparticle composition to facilitate
membrane permeation or celiular recogunition or in conjugating a nanoparticle composition to
a useful component such as a targeting or imaging moiety {e.g., a dye}. Each possibility

represents a separate embodiment of the present invention.

Phospholipid Head Modifications

In certain embodiments, a phospholipid useful in the present invention comprises a
modified phospholipid head {(e.g., a modified choline group). In certain embodiments, a
phospholipid with a modified head is DSPC, or analog thereof, with a modified quaternary

amine.
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Phaospholipid Core Modifications
In certain embodiments, phospholipids useful in the present invention comprise a
moditied core. In certain embodiments, a phospholipid with a modified core described herein

is DSPC, or analog thereof, with a modified core structure.

Phospholipid Tail Modifications

In certain embodiments, a phosphelipid useful 1o the present invention comprises a
modified tail. In certain embodiments, a phospholipid useful in the present invention is
DSPC, or analog thereof, with a moditied tail. As described herein, a “moditied tail” may be
a tail with shorter or longer aliphatic chains, aliphatic chains with branching introduced,
aliphatic chains with substituents introduced, aliphatic chains wherein one or more
methylenes are replaced by cyclic or heteroatom groups, or any combination thereof.

The polynucleotides of the invention can be formulated using one or more excipients
to: (1) increase stability; (2} increase cell transfection; (3) permit the sustained or delayed
release {e.g., from a depot formulation); (4) alter the biodistribution (e.g., target to specific
tissues or cell types); (5) increase the translation of encoded protein in vivo; and/or (6) alter
the release profile of encoded protein in vivo. In addition to traditional excipients such as any
and all solvents, dispersion media, diluents, or other liquid vehicles, dispersion or suspension
aids, surface active agents, isotonic agents, thickening or emulsifying agents, preservatives,
excipients of the present invention can include, without limutation, lipidoids, liposomes, lipid
nanoparticles, polymers, lipoplexes, core-shell nanoparticles, peptides, proteins, cells
transfected with polynucleotides, hyaluronidase, nanoparticle mimics and combinations
thereof.

In some embodiments, nucleic acid molecules of the invention can be formulated
using one or more liposomes, lipoplexes, or lipid nanoparticles. In one embodiment,
pharmaceutical compositions of nucleic acid molecules include lipid nanoparticles (L NPs}. In
some embodiments, lipid nanoparticles are MC3-based lipid nanoparticies.

In one embodiment, the polynuclectides may be formulated in a lipid-polycation
complex. The forration of the lipid-polycation complex may be accomplished by methods
known in the art. As a non-limiting example, the polycation may include a cationic peptide or
a polypeptide such as, but not limited to, polylysine, polyornithine and/or polyarginine. In

another embodiment, the polynucleotides may be formulated 1n a lipid-polycation complex
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which may further include a non-cationic lipid such as, but not limtted to, cholesterol or
dioleoyl phosphatidvlethanolamine (DOPE).

The liposome formulation may be influenced by, but not limited to, the selection of
the cationic lipid component, the degree of cationic lipid saturation, the nature of the
PEGylation, ratio of all components and biophysical parameters such as size. In one example
by Semple et al. (Semple et al. Nature Biotech. 2010 28:172-176; herein incorporated by
reference in its entirety), the liposome formulation was composed of 371 % cationic lipid,
7.1% dipalmitoyiphosphatidylcholine, 34.3 % cholesterol, and 1.4% PEG-c-DMA. As
another example, changing the composition of the cationic lipid could more effectively
deliver stRNA to various antigen presenting cells (Basha et al. Mol Ther. 2011 19:2186-
2200; herein incorporated by reference in its entirety). In some embodiments, liposome
formulations may comprise from about 35 to about 45% cationic liptd, from about 40% to
about 50% cationic lipid, from about 50% to about 60% cationic lipid and/or from about 55%
to about 63% cationic lipid. In some embodiments, the ratio of lipid to RNA in liposomes
may be from about 5:1 to about 20:1, from about 10:1 to about 25:1, from about 15:1 to about
30:1 and/or at least 30:1.

In some embodiments, the ratio of PEG in the lipid nanoparticle (LNP) formulations
may be increased or decreased and/or the carbon chain length of the PEG lipid may be
modified from C14 to C18 to alter the pharmacokinetics and/or biodistribution of the LNP
formulations. As a non-limiting example, LNP formulations may contain from about 0.5% to
about 3.0%, from about 1.0% to about 3.5%, from about 1.5% to about 4.0%, from about
2.0% to about 4.5%, from about 2.5% to about 5 0% and/or from about 3.0% to about 6.0%
of the lipid molar ratio of PEG-¢-BOMG (R-3-[(®-methoxy-
poly{ethyleneglycol)2000)carbamoyl)]-1,2-dimyristyloxypropyl-3-amine) (also referred to
herein as PEG-DOMG) as compared to the cationic hipid, DSPC and cholesterol. In another
embodiment the PEG-c-DOMG may be replaced with a PEG lipid such as, but not limited to,
PEG- DSG (1,2-Distearoyl-sn-glycerol, methoxypolyethylene glycol), PEG-DMG (1,2-
Dimyristoyl-sn-glycerol ) and/or PEG-DPG (1,2-Dipalmitoyl-sn-glycerol,
methoxypolyethylene glycol). The cationic lipid ray be selected from any lipid known in the
art such as, but not limited to, DLin-MC3-DMA, DLin-DMA, C12-200 and DLin-KC2-
DMA.

In one embodiment, the polynucleotide is formulated in a nanoparticle which may

comprise at least one lipid. The lipid may be selected from, but is not limited to, DLin-DMA,
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DLin-K-DMA, 98N12-5, C12-200, DLin-MC3-DMA, DLin-KC2-DMA, DODMA, PLGA,
PEG, PEG-DMG, PEGylated lipids and amino alcohol lipids. In another aspect, the lipid may
be a cationie lipid such as, but not imited to, DLin-DMA, DLin-D-DMA, DLin-MC3-DMA,
DLin-KC2-DMA, DODMA and amino alcohol lipids. The amino alcohol cationic lipid may
be the lipids described 1o and/or made by the methods described 1n US Patent Publication No.
US2013/0150625, herein incorporated by reference in its entirety. As a non-limiting example,
the cationic lipid may be 2-amino-3-[{97,127)-octadeca-9,12-dien-1-yloxy}-2-{[{9Z,27)-
octadeca-9,12-dien-1-yloxy]methyl} propan-1-ol (Compound T in US2013/0150625); 2-
amino-3-[{97})-octadec-9-en-1-yloxy}-2-{[(9Z}-octadec-9-en-1-yloxy Jmethyl } propan-1-ol
{Compound 2 in US2013/0150625); 2-amino-3-[(9Z,127}-octadeca-9, 1 2-dien-1-vloxy]-2-
Hoctyloxy ymethylipropan-1-ol (Compound 3 in US2013/0150625); and 2-(dimethylamino)-
3-[(97,12Z)-octadeca-9,1 2-dien-1-yloxy|-2-{{{9Z2,127)-octadeca-9, 1 2-dien-1-

yloxy lmethyl } propan-1-ol {Compound 4 1n US2013/0150625); or any pharmaceutically
acceptable salt or stereoisomer thereof,

Lipid nanoparticle formulations typically comprise a lipid, in particular, an ionizable
cationic hipid, for example, 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3}-dioxolane (BLin-KC2-
DMA), dilinoleyi-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), or di({Z }-non-2-en-
1-y1} O-((4-(dimethylamino)butanoyl)oxy yheptadecanedioate (L.319), and further comprise a
neutral lipid, a sterol and a molecule capable of reducing particle aggregation, for example a
PEG or PEG-modified lipid.

in one embodiment, the lipid nanoparticle formulation consists essentially of (i) at
least one lipid selected from the group consisting of 2,2-dilinolevl-4-dimethylaminoethyl-
i1,3]-dioxolane (DBLin-KC2-BMA), dilinoleyl-methyl-4-dimethylaminobutyrate (BLin-MC3-
DMA), and di{{Z)-non-2-en-1-y1} 9-({(4-{dimethylaminobutanoylyoxy theptadecanedioate
(L319); (11) a neutral lipid selected from DSPC, DPPC, POPC, and DOPE; (ii1) a sterol, e.g.,
cholesterol; and (iv) a PEG-lipid, e.g., PEG-DMG or PEG-cDMA, 1n a molar ratio of about
20-60% cationic hipid: 5-25% neutral lipid: 25-55% sterol; 0.5-15% PEG-lipid.

In one embodiment, the formulation includes from about 25% to about 75% ona
molar basis of a cationic Hipid selected from 2,2-dilinoleyi-4-dimethylaminoethyl-{1,3}-
dioxolane (DLin-KC2-DMA), dilincleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-
DMA), and di({Z)-non-2-en-1-yl} 9-({(4-(dimethylamino}butanoyljoxy yheptadecanedioate
{1319}, e.g., from about 35 to about 65%, from about 45 to about 65%, about 60%, about

57.5%, about 50% or about 40% on a molar basis.
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In one embodiment, the formulation includes from about 0.5% to about 15% on a
molar basis of the neutral lipid e g, from about 3 to about 12%, from about 5 to about 10% or
about 15%, about 10%, or about 7.5% on a molar basis. Exemplary neutral hipids include, but
are not limited to, DSPC, POPC, DPPC, and DOPE. In one embodiment, the formulation
includes from about 5% to about 50% on a molar basis of the sterol (e.g., about 15 to about
45%, about 20 to about 40%, about 40%, about 38.5%, about 35%, or about 31% on a molar
basis. An exemplary sterol 18 cholesterol. In one embodiment, the formulation includes from
about 0.5% to about 20% on a molar basis of the PEG or PEG-modified lipid (e.g, about 0.5
to about 10%, about 0.5 to about 5%, about 1.5%, about 0.5%, about 1.5%, about 3.5%, or
about 5% on a molar basis. In one embodiment, the PEG or PEG modified lipid comprises a
PEG molecule of an average molecular weight of 2,000 Da. In other embodiments, the PEG
or PEG modified lipid comprises a PEG molecule of an average molecular weight of less
than 2,000, for example around 1,500 Da, around 1,000 Da, or around 500 Da. Exemplary
PEG-modified lipids include, but are not limited to, PEG-distearoyl glycerc!l (PEG-DMG)
{also referred herein as PEG-C14 or C14-PEG), PEG-cDMA.

In one embodiment, the formulations of the inventions include 25-75% of a cationic
lipid selected from 2,2-dilinoleyl-4-dimethylaminoethyi-[ 1,3 }-dioxolane (BLin-KC2-DMA),
dilinoleyl-methyi-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{(Z)-non-2-en-1-y1} 9-
{{4-(dimethylamino)butanoyljoxy yheptadecanedioate (L319), 0.5-15% of the neutral lipid, 5-
50% of the sterol, and 0.5-20% of the PEG or PEG-modified lipid on a molar basis.

in one embodiment, the formulations of the inventions include 35-65% of a cationic
lipid selected from 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3}-dioxolane (DLin-KC2-DMA),
dilinoleyl-methyi-4-dimethvlaminobutyrate (DLin-MC3-DMA), and di{{Z)-non-2-en-1-yi) 9-
{{4-(dimethylamino)butanoyhoxy theptadecanedioate (L319), 3-12% of the neutral lipid, 15-
45% of the sterol, and 0.5-10% of the PEG or PEG-modified lipid on a molar basis.

In one embodiment, the formulations of the inventions include 45-65% of a cationic
lipid selected from 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3}-dioxolane (DLin-KC2-DMA),
dilinoteyl-methyi-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{{Z)-non-2-en-1-yi) S-
{(4~(dimethylamino)butanoyhoxy Yheptadecanedioate (1.319), 5-10% of the neutral lipid, 25-
40% of the sterol, and 0.5-10% of the PEG or PEG-medified lipid on a molar basis.

In one embodiment, the formulations of the inventions include about 60% of a
cationic lipid selected from 2,2-dilinoleyl-4-dimethylaminoethyl-{1,3}-dioxolane (DLin-KC2-

DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{{Z)-non-2-en-
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1-y1} O-{({4-(dimethylamino)outanoyl)oxy jheptadecanedioate (L.319), about 7.5% of the
neutral lipid, about 31 % of'the sterol, and about 1.5% of the PEG or PEG-modified lipid on a
molar basis.

In one embodiment, the formulations of the inventions include about 50% of a
cationic lipid selected from 2,2-ditinoleyl-4-dimethylaminoethyl-{ 1,3 }-dioxolane (DLin-KC2-
DMA}, dilinclevl-methyl-4-dimethylamincbutyrate (DLin-MC3-DMA), and di{({Z)-non-2-en-
t-y1y 9-((4-(dimethylamino)butanoyloxy)heptadecanedioate (1319}, about 10% of the
neutral lipid, about 38.5 % of the sterol, and about 1.5% of the PEG or PEG-maodified lipid
on a molar basis.

In one embodiment, the formulations of the inventions tnclude about 50% of a
cationic lipid selected from 2,2-dilinoleyl-4-dimethylaminoethyl-{1,3}-dioxolane (DLin-KC2-
DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di((Z}-non-2-en-
I-y1} 9-({4-(dimethylamino)butanoyljoxy yheptadecanedioate (L319), about 10% of the
neutral lipid, about 35 % of the sterol, about 4.5% or about 5% of the PEG or PEG-modified
lipid, and about 0.5% of the targeting lipid on a molar basis.

In one embodiment, the formulations of the inventions include about 40% of a
cationic lipid selected from 2, 2-dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-
DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{(Z)-non-2-¢n-
1-y1} 9-({(4-(dimethylamino)butanoyl)oxy theptadecanedioate (L319), about 15% of the
neutral lipid, about 40% of the sterol, and about 5% of the PEG or PEG-modified lipid on a
molar basis.

In one embodiment, the formulations of the inventions include about 57 2% of a
cationic lipid selected from 2,2-dilinocleyl-4-dimethylaminoethyl-{1,3}-dioxolane (DLin-KC2-
DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{{Z)-non-2-en-
t-y1 9-((4-(dimethylamino)butanoyljoxy)heptadecanedioate (1.319), about 7.1% of the
neutral lipid, about 34.3% of the sterol, and about 1.4% of the PEG or PEG-modified lipid on
a molar basis.

In one embodiment, the formulations of the inventions include about 37 5% of a
cationic hipid selected from the PEG lipid 15 PEG-cDMA (PEG-cDMA is further discussed in
Reyes et al. {J. Controlled Release, 107, 276-287 (2005), the contents of which are herein
incorporated by reference in its entirety), about 7.5% of the neutral lipid, about 31.5 % of the

sterol, and about 3.5% of the PEG or PEG-modified lipid on a molar basis.
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In particular embodiments, the molar lipid ratio is approximately 50/10/38.5/1.5
{mol% cationic lipid/neutral lipid, e.g., DSPC/Chol/PEG-medified lipid, e.g., PEG-DMG,
PEG-DSG or PEG-DPG), 57.2/7.1134.3/1 4 (mol% cationic lipid/ neutral hpid, e.g.,
DPPC/Chol/ PEG-modified lipid, e.g., PEG-cDMA}, 40/15/40/5 {mol% cationic lipid/ neutral
lipid, e.g., DSPC/Chol/ PEG-modified hipid, e.g., PEG-DMG), 50/10/35/4.5/0.5 (mol%
cationic lipid/ neutral lipid, e.g., BSPC/Chol/ PEG-modified lipid, e.g., PEG-DSG),
SO/10/35/5 (cationic lipid/ neutral lipid, e.g, DSPC/Chol/ PEG-moditied lipid, e g, PEG-
DMG), 40/10/40/10 {mol% cationic lipid/ neutral lipid, e.g., DSPC/Chol/ PEG-modified
lipid, e.g., PEG-DMG or PEG-cDMA), 35/15/40/10 (moi% cationic lipid/ neutral lipid, e.g
DSPC/Chol/ PEG-modified liptd, e.g., PEG-DMG or PEG-cDMA) or 52/13/30/5 (mol%
cationic hipid/ neutral lipid, e.g., DSPC/Chol/ PEG-modified lipid, e.g., PEG-DMG or PEG-
cDMA).

Chemical Definitions

Definitions of specific functional groups and chemical terms are described in more
detail below. The chemical elements are identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed., inside cover, and
specific functional groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as well as specific functional moieties and reactivity, are
described in Organic Chemistry, Thomas Sorrell, University Science Books, Sausalito, 1999;
Smith and March, March’s Advanced Organic Chemistry, 5™ Edition, John Wiley & Sons,
Inc,, New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers,
Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic Synthesis, 3%
Edition, Cambridge University Press, Cambridge, 1987

Compounds described herein can comprise one or more asymmetric centers, and thus
can exist in various stereoisomeric forms, e.g., enantiomers and/or diastereomers. For
example, the compounds described herein can be in the form of an individual enantiomer,
diastereomer or geometric isomer, or can be in the form of a mixture of stereoisomers,
including racemuc nuxtures and mixtures enriched tn one or more stereoisomer. Isomers can
be isolated from mixtures by methods known to those skilled in the art, including chiral high
pressure liquid chromatography (HPLC) and the formation and crystallization of chiral salts;
or preferred isomers can be prepared by asymmetric syntheses. See, for example, Jacques ef

al., Enamtiomers, Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen
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et af., Tetrahedron 33:2725 (1977), Eliel, E L. Stereochemistry of Carbon Compounds
(McGraw-Hill, NY, 1962); and Wilen, 8 H., Tables of Resolving Agents and Opftical
Resolutions p. 268 (E L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972). The
invention additionally encompasses compounds as individual isomers substantially free of
other isomers, and alternatively, as mixtures of various isomers.

In a formula, ~~ is a single bond where the stereochemistry of the moieties
immediately attached thereto is not specified, --- is absent or a single bond, and === or ===
is a single or double bond.

Unless otherwise stated, structures depicted herein are also meant to include
compounds that differ only in the presence of one or more isctopically enriched atoms. For
example, compounds having the present structures except for the replacement of hydrogen by
deuterium or tritium, replacement of F with *F, or the replacement of "'C with PC or "¢
are within the scope of the disclosure. Such compounds are useful, for example, as analytical
tools or probes in biological assays.

When a range of values is listed, it is intended to encompass each value and sub-range
within the range. For example “Cie alkyl” is intended to encompass, Cy, C, Cs, Cy, Cs, Cq,
Cis, Crs, Cia, Cis, Cia, Coss, Cous, Coas, Cos, Cas, Cas, Cag, Cue, Caos, and Cag alkyl

The terro “aliphatic” refers to alkyl, alkenyi, alkynyl, and carbocyclic groups.
Likewise, the term “heteroaliphatic” refers to hetercalkyl, heteroalkenyl, heteroalkynyl, and
heterocyclic groups.

The term “alkyl” refers to a radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 10 carbon atoms (“Cy_yp alkyl”). In some embodiments,
an alkyl group has 1 to 9 carbon atoms (“Ci alkyl™). In some embodiments, an alkyl group
has 1 to 8 carbon atoms (“Cy.3 alkyl”). In some embodiments, an alkyl group has 1 to 7
carbon atoms (“Cy.y alkyl”). In some embodiments, an alkyl group has 1 to 6 carbon atoms
(“Cr.6 alkyl”). In some embodiments, an alkyl group has 1 to 5 carbon atoms (“Cy.s alkyl”).
In some embodiments, an alkyl group has 1 to 4 carbon atoms (“Cy.y alkyl”). To some
embodiments, an atkyl group has 1 to 3 carbon atoms (“Cy; alkyl”}. In some embodiments,
an alkyl group has 1 to 2 carbon atoms (“Cy.; alkyl”). In some embodiments, an alkyl group
has 1 carbon atom (“C; alkyl”). In some embodiments, an alkyl group has 2 to 6 carbon
atoms (“Co alkyl”y. Examples of Ci.6 alkyl groups include methyl (Cy), ethyl (C)), propyl
{C3) {e.g., n-propyl, isopropyl}y, butyl (Cy) {e.g., n-butyl, tert-butyl, sec-butyl, iso-butyl),

pentyl (Cs) (e.g., n-pentyl, 3-pentanyl, amyl, neopentyl, 3-methyl-2-butanyl, tertiary amyl),
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and hexyl {(Ce) {e.g., n-hexyl). Additional examples of allkyl groups include n-heptyl (C-), n-
octyl {(Cy), and the like. Unless otherwise specified, each instance of an alkyl group is
independently unsubstituted (an “unsubstituted alkyl”) or substituted (a “substituted alky!™)
with one or more substituents {e.g., halogen, such as F}. In certain embodiments, the alkyl
group 1s an unsubstituted Ci.0 alkyl (such as unsubstituted C6 alkyl, e.g., —~CH; (Me),
unsubstituted ethy! (Et), unsubstituted propyl (Pr, e.g., unsubstituted n-propyl (n-Pr),
unsubstituted isopropy! (1-Pr)), unsubstituted butyl (Bu, e.g., unsubstituted n-butyl (n-Bu),
unsubstituted tert-butyl {tert-Bu or t-Bu}, unsubstituted sec-buty! {sec-Bu), unsubstituted
isobutyl (i-Bu}). In certain embodiments, the alkyl group is a substituted Cy.yp alkyl (such as
substituted C; alkyl, e.g., —~CF;, Bn).

The term “haloalky!” is a substituted alkyl group, wherein one or more of the
hydrogen atoms are independently replaced by a halogen, e.g., fluoro, bromo, chloro, or iodo.
In some embodiments, the haloalkyl moiety has 1 to 8 carbon atoms (“C g haloalkyl”). In
some embodiments, the haloalkyl motety has 1 to 6 carbon atoms {(“C,¢ haloalky!”). In some
embodiments, the haloalkyl moiety has 1 to 4 carbon atoms (“Cy.4 haloalky!”). In some
embodiments, the haloalkyl moiety has 1 to 3 carbon atoms (“Cy.; haloalky!”). In some
embodiments, the haloalkyl moiety has 1 to 2 carbon atoms (“C,; haloalky!”). Examples of
haloaltkyl groups include ~CHF,, ~CHyF, ~CF;, ~CH,CF;, —~CF,CF;, —CF,CF,CF;, —CCl5,
—CFCl;, —=CF,Cl, and the like.

The term “heteroalkyl” refers to an alkyl group, which further includes at least one
heteroatom {e.g., 1, 2, 3, or 4 hetercatoms) selected from oxygen, nitrogen, or sulfur within
(i.e., inserted between adjacent carbon atoms of) and/or placed at one or more terminal
position{s} of the parent chain. In certain embodiments, a heteroatkyl group refers to a
saturated group having from 1 to 10 carbon atoms and 1 or more heterocatoms within the
parent chain (“heteroCi.0 altkyl”). In some embodiments, a heteroalkyl group is a saturated
group having 1 to 9 carbon atoms and 1 or more heteroatoms within the parent chain
{“heteroC e alky!”). In some embodiments, a heteroalkyl group is a saturated group having 1
to 8 carbon atoms and | or more hetercatoms within the parent chain (“heteroC 4 alkvl”). In
some embodiments, a heteroalkyl group is a saturated group having 1 to 7 carbon atoms and
I or more heteroatoms within the parent chain (“heteroC,; alkyl”}. In some embodiments, a
heteroalkyl group 1s a saturated group having 1 to 6 carbon atoms and 1 or more hetercatoms
within the parent chain ("heteroCirs alkyl”). In some embodiments, a hetercalkyl group isa

saturated group having 1 to S carbon atoms and 1 or 2 hetercatoms within the parent chain
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{“heteroC .5 altkyl”}). In some embodiments, a hetercalkyl group is a saturated group having 1
to 4 carbon atoms and lor 2 hetercatoms within the parent chain (“heteroCy 4 alkyl”). In some
embodiments, a heteroalkyl group is a saturated group having 1 to 3 carbon atoms and 1
hetercatom within the parent chain (“heteroCi.; alkyl”). In some embodiments, a heteroalkyl
group is a saturated group having 1 to 2 carbon atoms and 1 heteroatom within the parent
chain {“heteroC,.; alky!”). In some embodiments, a heteroalkyl group 1s a saturated group
having 1 carbon atom and 1 heteroatom (“heteroC, alkyl”). In some embodiments, a
hetercalkyl group is a saturated group having 2 to ¢ carbon atoms and 1 or 2 hetercatoms
within the parent chain (“heteroC, alkyl”}. Unless otherwise specitied, each instance of a
heteroallyl group is independently unsubstituted (an “unsubstituted hetercalkyl”) or
substituted (a “substituted heteroalkyl”} with one or more substituents. In certain
embodiments, the heteroalkyl group is an unsubstituted heteroCi.p alkyl. In certain
embodiments, the heteroalkyl group 1s a substituted heteroC,.jp alkyl.

The term “alkenyl” refers to a radical of a straight-chain or branched hydrocarbon
group having from 2 to 10 carbon atoms and one or more carbon-carbon double bonds {e.g.,
1,2, 3, or 4 double bonds). In some embodiments, an alkenyl group has 2 to 9 carbon atoms
(“Ch.y alkenyl”). In some embodiments, an alkenyl group has 2 to 8 carbon atoms (“Cj.
alkeny!”}. In sore erobodiments, an alkenyl group has 2 to 7 carbon atoms (“Cy.7 alkenyl”™).
In some embodiments, an alkeny! group has 2 to 6 carbon atoms (“Cp alkenyl”). In some
embodiments, an alkenyl group has 2 to 5 carbon atoms (*C,.s alkenyl”). In some
embodiments, an atkenyl group has 2 to 4 carbon atoms (Cy. alkenyl”). In some
embodiments, an alkenyl group has 2 to 3 carbon atoms (“Cy.; alkeny!”). In some
embodiments, an alkenyl group has 2 carbon atoms (“C; alkenyl™). The one or more carbon-
carbon double bonds can be internal (such as in 2-butenyl) or terminal (such as in I-butenyl).
Examples of Ch.s alkenyl groups include ethenyl (Cy), 1-propenyl (Cs), 2-propeny! {Cs), 1-
butenyl (C4), 2-butenyt (Cs), butadienyl (Cy), and the like. Examples of 1. alkenyl groups
include the aforementioned Cy.4 alkenyl groups as well as pentenyl (Cs), pentadienyl (Cs),
hexenyl (Cs), and the like. Additional examples of alkenyl include heptenyl (C-), octenyl
(Cs), octatrienyl {Cs), and the like. Unless otherwise specified, each instance of an alkenyl
group is independently unsubstituted (an “unsubstituted alkeny!”} or substituted (a
“substituted alkenyl”) with one or more substituents. In certain embodiments, the alkenyl
group is an unsubstituted Cr.ae alkenyl. In certain embodiments, the alkenyl group ts a

substituted C;.;0 alkenyl. In an alkenyl group, a C=C double bond for which the
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stereochemistry is not specified {e.g., "CH=CHCH; or ud3-/\\\\\!&&‘) may be an (E}- or (Z)-
double bond.

The term “hetercalkenyl” refers to an alkenyl group, which further includes at least
one heteroatom (e.g., 1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur
within {i.e., inserted between adjacent carbon atoms of) and/or placed at one or more terminal
position(s) of the parent chain. In certain embodiments, a heteroalkeny! group refers to a
group having from 2 to 10 carbon atoms, at least one double bond, and 1 or more heteroatoms
within the parent chain (“heteroC,.i altkenyl”). In some embodiments, a heteroalkenyl group
has 2 to 9 carbon atoms at least one double bond, and 1 or more heteroatoms within the
parent chain (“heteroCy. alkenvy]”). In some embodiments, a heteroalkeny! group has 210 8
carbon atoms, at feast one double bond, and 1 or more hetercatoms within the parent chain
{“heteroC,.z atkenyl™). In some embodiments, a heteroalkenyl group has 2 to 7 carbon atoms,
at least one double bond, and 1 or more hetercatoms within the parent chain (“heteroC,-
alkenyl™}. In some embodiments, a hetercalkeny! group has 2 to 6 carbon atoms, at least one
double bond, and 1 or more heteroatoms within the parent chain (“heteroC,.¢ alkenyl”}. In
some embodiments, a heteroalkenyl group has 2 to 5 carbon atoms, at least one double bond,
and 1 or 2 heteroatoms within the parent chain (“heteroC,.s alkeny!”). In some embodiments,
a heteroalkenyl group has 2 to 4 carbon atoms, at least one double bond, and lor 2
hetercatoms within the parent chain (“heteroC,. alkenyl”). In some embodiments, a
heteroallkenyl group has 2 to 3 carbon atoms, at least one double bond, and 1 heteroatom
within the parent chain (“heteroC,.; alkenyl”). In some embodiments, a heteroalkenyl group
has 2 to 6 carbon atoms, at least one double bond, and 1 or 2 heteroatoms within the parent
chain (“heteroC,.¢ alkenyl™}. Unless otherwise specified, each instance of a heteroalkenyl
group is independently unsubstituted (an “unsubstituted heteroalkenyl”) or substituted {(a
“substituted heteroalkeny!”} with one or more substituents. In certain embodiments, the
heteroalkeny! group is an unsubstituted heteroCs.io alkenyl. In certain embodiments, the
hetercatkenyl! group is a substituted heteroC,.;o alkenyl.

The term “alkynyl” refers to a radical of a straight-chain or branched hydrocarbon
group having from 2 to 10 carbon atoms and one or more carbon-carbon triple bonds {e.g., 1,
2, 3, or 4 triple bonds) (“Ca.o alkynyl”). In some embodiments, an alkynyl group has 210 9
carbon atoms (“Ca.o alkynyl”). In some embodiments, an alkynyl group has 2 to 8 carbon
atoms (“Cog alkyny!”). In some embodiments, an alkynyl group has 2 to 7 carbon atoms (“C,.

7 alkynyl”). In some embodiments, an alkynyl group has 2 to 6 carbon atoms (“Cp.6 alkynyl”).
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In some embodiments, an alkyny! group has 2 to 3 carbon atoms (“Cs.s alkynyl”}. In some
embodiments, an alkynyl group has 2 to 4 carbon atoms (“Cyy alkynyl”). In some
embodiments, an alkynyl group has 2 to 3 carbon atoms (“Ca.3 alkyny!”). In some
embodiments, an alkynyl group has 2 carbon atoms (“C, alkynyl™). The one or more carbon-
carbon triple bonds can be internal (such as in 2-butynyl) or termainal (such as in T-butynyl).
Examples of C4 altkynyl groups include, without limitation, ethynyvl (C,}, 1-propyayl (Cs), 2-
propynyl (C3), T-butynyl (C4), 2-butynyl (Cy), and the like. Examples of Cy6 alkenyl groups
include the aforementioned C,.4 alkynyl groups as well as pentynyl (Cs), hexynyl (Cy), and
the like. Additional examples of alkynyl include heptynyl (C5), octynyl (Cs), and the like.
Unless otherwise specified, each instance of an alkynyl group is independently unsubstituted
{an “unsubstituted alkyny1”) or substituted (a “substituted alkynyl”) with one or more
substituents. In certain embodiments, the alkvoyl group 1s an unsubstituted Cs.0 atkynyl. In
certain embodiments, the alkynyl group is a substituted Cy.y0 alkynyl.

The term “heteroalkyny!” refers to an alkynyl group, which further tncludes at least
one hetercatom {e.g., 1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur
within {i.¢., inserted between adjacent carbon atoms of) and/or placed at one or more terminal
position(s) of the parent chain. In certain embodiments, a heteroalkyny! group refersto a
group having from 2 to 10 carbon atoms, at least one triple bond, and 1 or more heteroatoms
within the parent chain (“heteroC,.10 alkynyl”}. In some embodiments, a heteroalkyny! group
has 2 to 9 carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroCi alkynyl”). In some embodiments, a hetercalkynyl group has 2 to 8 carbon
atoms, at least one triple bond, and 1 or more heteroatoms within the parent chain (“heteroC,.
g allkynyl”}). In some embodiments, a hetercalkyay! group has 2 to 7 carbon atoms, at least
one triple bond, and | or more heteroatoms within the parent chain (“heteroC,; alkyny!”). In
some embodiments, a heteroalkynyl group has 2 to 6 carbon atoms, at least one triple bond,
and 1 or more heteroatoms within the parent chain ("heteroCy.s alkyny!”). In some
embodiments, a heteroalkynyl group has 2 to 5 carbon atoms, at least one triple bond, and 1
or 2 heteroatoms within the parent chain (“heteroC,.s atkynyl™). In some embodiments, a
heteroalkynyl group has 2 to 4 carbon atoms, at least one triple bond, and lor 2 heteroatoms
within the parent chain (“hetero(C,.4 atkynyl™}. In some embodiments, a heteroalkynyl group
has 2 to 3 carbon atoms, at least one triple bond, and 1 heteroatom within the parent chain
{“heteroC.; alkyny]”). In some embodiments, a heteroallkyny! group has 2 to 6 carbon atoms,

at least one triple bond, and 1 or 2 heteroatoms within the parent chain (“heteroCi.s alkynyl”).
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Unless otherwise specified, each instance of a heteroatkynyl group is independently
unsubstituted (an “unsubstituted heteroalkynyl”) or substituted {a “substituted
heteroalkynyl™) with one or more substituents. In certain embodiments, the heteroalkynyl
group is an unsubstituted heteroC,.ip alkynyl. In certain embodiments, the heteroalkynyl
group 1s a substituted heteroCy.1¢ alkynyl.

The term “carbocyelyl” or “carbocyelic” refers to a radical of a non-aromatic cyclic
hydrocarbon group having froro 3 to 14 ring carbou atoros (" Cs.y carboeyclyl”) and zero
hetercatoms in the non-aromatic ring system. In some embodiments, a carbocyclyl group has
3 to 10 ring carbon atoms (“Cs.p carbocyclyl”). In some embodiments, a carbocyclyl group
has 3 to & ring carbon atoms (“Css carbocyely!]”). In some embodiments, a carbocyciyl group
has 3 to 7 ring carbon atoms (“Cs.y carbocyelyl”). In some embodiments, a carbocyclyl group
has 3 to 6 ring carbon atoms (“Cs.6 carbocyciyl”). In some embodiments, a carbocyelyl group
has 4 to 6 ring carbon atoms (“Cy. carbocyclyl”). In some embodiments, a carbocyclyl group
has 5 to 0 ring carbon atoms (“Cs. carbocyelyl”). In some embodiments, a carbocyciyl group
has 5 to 10 ring carbon atoms (“Cs.o carbocyclyl”). Exemplary Cs.s carboceyclyl groups
include, without limitation, cyclopropyl (Cs), cyclopropenyl (Cs), eyclobutyl {(Cy),
cyclobutenyl (Ca), cyclopentyl {(Cs), cyclopentenyl (Cs), cyclohexyl (Ce), cyclohexenyl (Ce),
cyclohexadienyl (Cg), and the like. Exemplary Cs.x carbocyclyl groups include, without
fimitation, the aforementioned C;.¢ carbocyclyl groups as well as cycloheptyl (Cq),
cycloheptenyl (Cr), cycloheptadienyl {Cy), cycloheptatrienyl (C-), cyclooctyl (Cy),
cyclooctenyi {Cs), bicyclof2.2.1Theptanyl (Cy), bicyclof[2.2.2]octanyl (Cs), and the like.
Exemplary Cs.10 carbocyelyl groups include, without limitation, the aforementioned Cyg
carbocyclyl groups as well as cyclononyl (Cs), cyclononenyl (Co}, cyclodecyl (Cio),
cyclodecenyl (Cyo), octahydro-1H-indenyl {Co), decahydronaphthaleny] (Cyy),
spirof4 Sidecanyl {Cio), and the like. As the foregoing examples illustrate, in certain
embodiments, the carbocyclyl group is either monocyclic (“monocyclic carbocyclyl”) or
polycychic {e.g., containing a fused, bridged or spiro ring system such as a bicyclic syster
{"bicyclic carbocyelyl”} or tricyclic system (“tricyclic carbocyclyl”}) and can be saturated or
can contain one or more carbou-carbon double or triple bonds. “Carbocyclyl” also includes
ring systems wherein the carbocyclyl ring, as defined above, is fused with one or more aryl or
hetercaryl groups wherein the point of attachment is on the carbocyelyl ring, and in such
instances, the number of carbons continue to designate the number of carbons in the

carbocyclic ring system. Unless otherwise specified, each instance of a carbocyelyl group is
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independently unsubstituted {(an “unsubstituted carbocyclyl™} or substituted (a “substituted
carbocyclyl”) with one or more substituents. In certain embodiments, the carbocyclyl group is
an unsubstituted Cs.14 carbocyelyl. In certain embodiments, the carbocyclyl groupis a
substituted Cs.4 carbocyclyl.

In some embodiments, “carbocyclyl” is a monocyclic, saturated carbocyclyl group
having from 3 to 14 ring carbon atoms (“Cs.14 cycioalkyl”). In some embodiments, a
cycloalkyl group has 3 to 10 ring carbon atoms ("Cs.e eycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 8 ring carbon atoms (“C;.s cycloalkyl”}). In some embodiments, a
cycloalkyl group has 3 to 6 ring carbon atoms (“Cs.6 cycloalkyl”). In some embodiments, a
cycloalkyl group has 4 to 6 ring carbon atoms (“Cas cycloalkyl”). In some embodiments, a
cycloalkyl group has 5 to 6 ring carbon atoms (“Cs.s cycloalkyl™). In some embodiments, a
cycloalkyl group has 5 10 10 ring carbon atoms (“Cs.ip cycloalkyl™). Examples of Cas
cycloalkyl groups include cyclopentyl (Cs) and cyclohexyl (Cs). Examples of Ci cycloalkyl
groups include the aforementioned Cs.g cycloatkyl groups as well as cyclopropy! (Cs) and
cyclobutyl {C4). Examples of Cs.p cvcloalkyl groups include the atorementioned Ci
cycloalky] groups as well as cycloheptyl (C7) and cyclooctyl {Cg). Unless otherwise specified,
each instance of a cvcloalkyl group is independently unsubstituted (an “unsubstituted
cycloalkyl”) or substituted (a “substituted cycloalkyl™) with one or more substituents. In
certain embodiments, the cycloalkyl group is an unsubstituted C;.14 cycloatkyl. In certain
embodiments, the cycloalkyl group is a substituted Cs.q5 cycloalkyl.

The term “heterocyclyl” or “heterocyclic” refers to a radical of a 3~ to 14-membered
non-aromatic ring system having ring carbon atoms and 1 to 4 ring heteroatoms, wherein
each heteroatom is independently selected from nitrogen, oxygen, and sulfur (*3-14
membered heterocyelyl”). In heterocyclyl groups that contain one or more nitrogen atos,
the point of attachment can be a carbon or nitrogen atom, as valency permits. A heterocyclyl
group can either be monocyclic (“monocyclic heterocyclyl™) or polycyclic {e.g., a fused,
bridged or spiro ring systern such as a bicyclic system (“bicychic heterocyclyl”) or tricyclic
system {“tricyclic heterocyclyl”}}, and can be saturated or can contain one or more carbon-
carbon double or triple bounds. Heterocyclyl polyeyclic ring systerns can include one or more
hetercatoms in one or both rings. “Heterocyclyl” also includes ring systems wherein the
heterocyclyl ring, as defined above, 1s fused with one or more carbocyclyl groups wherein the
point of attachment is either on the cartbocyclyl or heterocyclyl ring, or ring systems wherein

the heterocyclyl ring, as defined above, is fused with one or more aryl or heteroaryl groups,
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wherein the point of attachment is on the heterocycly! ring, and in such instances, the number
of ring mermbers continue to designate the number of ring members in the heterocyclyl ring
system. Unless otherwise specified, each instance of heterocyclyl is independently
unsubstituted (an “unsubstituted heterocyclyl”) or substituted (a2 “substituted heterocyelyl”)
with one or more substituents. In certain embodiments, the heterocyclyl group is an
unsubstituted 3-14 membered heterocyclyl. In certain embodiments, the heterocyclyl group is
a substituted 3-14 membered heterocyciyl,

In some embodiments, a heterocyclyl group is a 5-10 membered non-aromatic ring
system having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur (“5-10 membered heterocyclyl™). In
some embodiments, a heterocyclyl group is a 5-8 membered non-aromatic ring system having
ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is independently
selected from nitrogen, oxygen, and sulfur (*5-8 membered heterocyclyl”). In some
embodiments, a heterocyclyl group is a 5-6 membered non-aromatic ring system having ring
carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (*3-6 membered heterocyclyl™). In some embodiments, the
5-6 membered heterocyclyl has 1-3 ring heteroatoms selected from nitrogen, oxygen, and
sutfur. In some embodiments, the 5-6 membered heterocyclyl has 1-2 ring heteroatoms
selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered
heterocyelyl has 1 ring heteroatom selected from nitrogen, oxygen, and sulfur. Each
possibility represents a separate embodiment of the present invention.

Exemplary 3-mermbered heterocyclyl groups containing 1 heteroatom include, without
Himitation, azirdinyl, oxiranyl, and thiiranyl. Exemplary 4-membered heterccyclyl groups
containing | heteroatom include, without limitation, azetidinyl, oxetanyl, and thietanyl.
Exemplary S-roembered heterocyclyl groups containing 1 heteroatom include, without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyi,
pyrrolidinyl, dihydropyrrolyl, and pyrrolyl-2,5-dione. Exemplary 5-membered heterocyclyl
groups containing 2 hetercatoms include, without limitation, dioxolanyl, oxathiclanyl and
dithiolanyl. Exemplary S-membered heterocyclyl groups containing 3 heteroators inchude,
without limitation, triazolinyl, oxadiazoliny!, and thiadiazolinyl. Exemplary 6-membered
heterocyclyl groups containing 1 heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered heterocyclyl

groups containing 2 heteroatoms include, without limitation, piperazinyl, morpholinyl
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dithianyl, and dioxanyl. Exemplary 6-membered heterocyclyl groups containing 2
heteroatoms include, without limitation, triazinanyl. Exemplary 7-membered heterocyclyl
groups containing 1 heteroatom include, without limitation, azepanyl, oxepanyl and
thiepanyl. Exemplary 8-membered heterocyclyl groups containing 1 hetercatom include,
without limitation, azocanyl, oxecanyl and thiocanyl. Exemplary bicyclic heterocyclyl groups
include, without limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl,
dihydrobenzothienyl, tetrahydrobenzothienyl, tetrabydrobenzofuranyl, tetrahydroindolyl,
tetrahydroquinolinyl, tetrehydroisoquinolinyl, decahydroquinolinyl, decahydroisoquinolinyl,
octahydrochromenyl, octahydroisochromenyl, decahydronaphthyridinyl, decahydro-1,8-
naphthyridinyl, octahydropyirolo[3,.2-blpyrrole, indolinyl, phthalimidyl, naphthalimidyl,
chromanyl, chromenyl, 1H-benzo[e][1,41diazepinyl, 1,4,5 7-tetrahydropyrano[3,4-blpyrrolyl
5,6~-dibydro~-4H-furof3,2-blpyrrolyl, 6,7-dihydro-SH-turo[3,2-blpyranyl, 5,7-dihydro-4H-

k2
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thieno[2,3-clpyranyl, 2 3-dihydro-1H-pyrrolof2,3-blpyrdinyl, 2,3-dihydrofuro{2,3-
blpyridinyl, 4,5,6,7-tetrahydro~-1H-pyrrolo{2,3-blpyridinyl, 4,5,0,7-tetrahydrofurof3,2-
clpyridinyl, 4,5,6,7-tetrahydrothieno[3,2-bipyridinyl, 1,2,3,4-tetrahydro-1,6-naphthyridinyl,
and the like.

The term “aryl” refers to a radical of a monocyclic or polycyclic (e.g., bicyclic or
tricyclic) 4n+2 aromatic ring system {e.g., baving 6, 10, or 14 x electrons shared in a cyclic
array) having 6-14 ring carbon atoms and zero heteroatoms provided in the aromatic ring
system (“Cs.4 aryl”). In some embodiments, an aryl group has 6 ring carbon atoms (“Cq
aryl”; e.g., phenyl). Tn some embodiments, an ary] group has 10 ring carbon atoms (“Cy,
aryl”; e.g., naphthyl such as 1-naphthyl and 2-naphthyl}. In some embodiments, an aryl group
has 14 ring carbon atoms (“C s aryl”; e.g., anthracyl}. “Aryl” also includes ring systems
wherein the aryl ring, as defined above, is fused with one or more carbocyclyl or heterocyelyl
groups wherein the radical or point of attachment is on the aryl ring, and in such instances,
the number of carbon atoms continue to designate the number of carbon atoms 1n the aryl ring
system. Unless otherwise specified, each instance of an aryl group 1s independently
unsubstituted (an “unsubstituted aryl”) or substituted (a “substituted ary]”} with one or more
substituents. In certain embodiments, the aryl group is an unsubstituted Cq.14 aryl. In certain
embodiments, the aryl group is a substituted Ceo.1q aryl.

The term “heteroaryl” refers to a radical of a 5-14 membered monocyclic or
polycychic {e.g., bicyclic, tricyclic) 4n+2 aromatic ring system {(e.g., having 6, 10, or 14

electrons shared in a cyclic array) having ring carbon atoms and 1-4 ring heteroatoms
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provided in the aromatic ring system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (*5-14 membered hetercary!”). In heteroary! groups that
contain one or more nitrogen atoms, the point of attachment can be a carbon or nitrogen
atom, as valency permits. Heteroary! polycyclic ring systems can include one or more
heteroatoms in one or both rings. “Heteroaryl” includes ting systems wherein the heteroaryl
ring, as defined above, is fused with one or more carbocyclyl or heterocyclyl groups wherein
the point of attachment 15 on the heteroaryl ring, and in such 1ustances, the number of ring
members continue to designate the number of ring members in the heteroaryl ring system.
“Heteroaryl” also includes ring systems wherein the heteroaryl ring, as defined above, is
fused with one or more aryl groups wherein the point of attachment is either on the ary! or
heteroary! ring, and in such instances, the number of ring members designates the number of
ring members in the fused polycyclic (aryl/beteroaryl) ring system. Polycyclic heteroary]
groups wherein one ring does not contain a heteroatom (e.g., indolyl, quinolinyl, carbazolyl,
and the like} the point of attachment can be on etther ring, t ¢, either the ring bearing a
heteroatom (e.g., 2-indolyl) or the ring that does not contain a hetercatom {e.g., S-indolyl}.
In some embodiments, a heteroaryl group 15 a 5-10 membered aromatic ring system
having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring system,
wherein each heteroatom is independently selected from nitrogen, oxygen, and sulfur (*5-10
membered heteroaryl”). In some embodiments, a hetercaryl group is a 5-8 membered
aromatic ring system having ring carbon atoms and 1-4 ring hetercatoms provided in the
aromatic ring system, wherein each hetercatom 1s independently selected from nttrogen,
oxygen, and sulfur (53-8 membered heteroaryl”). In some embodiments, a hetercaryl group is
a 5-6 membered aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms
provided in the aromatic ring system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (“3-6 membered heteroaryl”). Tn some embodiments, the 5-
6 membered heteroaryl has 1-3 ring heteroatoms selected from nitrogen, oxygen, and sulfur.
In some embodiments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms selected from
nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered heteroaryl has 1 ring
heteroatom selected from nitrogen, oxygen, and sulfur. Unless otherwise specified, each
instance of a hetercaryl group is independently unsubstituted (an “unsubstituted hetercaryl”}
or substituted (a “substituted heteroary]l”) with one or more substituents. In certain
embodiments, the heteroaryl group is an unsubstituted 5-14 membered hetercaryl. In certain

embodiments, the heteroaryl group is a substituted 5-14 membered heteroaryl.
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Exemplary S-membered heteroaryl groups containing 1 hetercatom include, without
limitation, pyrrolyl, furanyl, and thiophenyl. Exemplary S-membered heteroaryl groups
containing 2 heteroatoms include, without limitation, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, and iscthiazolyl. Exemplary 5-membered heteroaryl groups containing
3 hetercatoms include, without hmitation, triazolyl, oxadiazolyl, and thiadiazolyl. Exemplary
5-membered heteroaryl groups containing 4 heteroatoms include, without limitation,
tetrazolyl. Exemplary 6-membered heteroaryl groups containing 1 heteroatom include,
without limitation, pyridinyl. Exemplary 6-membered hetercaryl groups containing 2
heteroatoms include, without limitation, pyridazinyl, pynmidinyl, and pyrazinyl. Exemplary
6-membered heteroaryl groups containing 3 or 4 hetercatoms include, without limitation,
triazinyl and tetrazinyl, respectively. Exemplary 7-membered heteroaryl groups containing 1
heteroatom include, without limitation, azepinvl, oxepinyl, and thiepinyl. Exemplary 5,6-
bicyclic heteroaryl groups include, without limitation, indolyl, isoindolyl, indazolyl,
benzotriazolyl, benzothiophenyl, isobenzothiophenyl, benzofuranyl, benzoisofuranyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl, benzthiazolyl,
benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl. Exeruplary 6,6-bicyclic
hetercaryl groups inchude, without limitation, naphthyridinvl, pteridinyl, quinolinyi,
isoquinolinyl, cinnolinyl, quinoxalinyl, phthalazinyl, and quinazolinyl. Exemplary tricyclic
heteroary! groups include, without limitation, phenanthridinyl, dibenzofuranyl, carbazolyl,
acridinyl, phenothiazinyl, phenoxazinyl and phenazinyl.

The term “unsaturated bond” refers to a double or triple bond. The term “unsaturated”
or “partially unsaturated” refers to a moiety that includes at least one double or triple bond.
The term “saturated” refers {0 a motety that does not contain a double or triple boud, i.e., the
moiety only contains single bonds.

Affixing the suffix “-ene” to a group ndicates the group is a divalent moiety, e.g.,
alkylene is the divalent moiety of alkvl, alkenylene is the divalent moiety of alkenyl,
alkynylene is the divalent moiety of alkynyl, heteroalkylene 1s the divalent moiety of
heteroalkyl, heterocalkenylene is the divalent motety of hetercalkenyl, heteroalkynylene is the
divalent moiety of hetercalkynyl, carbocyclylene is the divalent moiety of carbocycelyl,
heterocyclylene is the divalent moiety of heterocyclyl, arylene is the divalent moiety of aryl,
and heteroarylene is the divalent moiety of heteroaryl.

A group is optionally substituted unless expressly provided otherwise. The term

“optionally substituted” refers to being substituted or unsubstituted. In certain embodiments,
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alkyl, alkenyl, alkynyl, hetercalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl groups are optionally substituted. “Optionally substituted” refers to a
group which may be substituted or unsubstituted (e.g., “substituted” or “unsubstituted” alkyl,
“substituted” or “unsubstituted” alkenyl, “substituted” or “unsubstituted” altkynyl,
“substituted” or “unsubstituted” heteroalkyl, “substituted” or “unsubstituted” heteroalkenyl,
“substituted” or “unsubstituted” heteroalkynyl, “substituted” or “unsubstituted” carbocyclvl,
“substituted” or “unsubstituted” heterocyclyl, “substituted” or “unsubstituted” aryl or
“substituted” or “unsubstituted” heteroaryl group). In general, the term “substituted” means
that at least one hydrogen present on a group is replaced with a pernussible substituent, e.g., a
substituent which upon substitution results in a stable compound, e.g., a compound which
does not spontaneously undergo transtormation such as by rearrangement, cychization,
elimination, or other reaction. Unless otherwise indicated, a “substituted” group has a
substituent at one or more substitutable positions of the group, and when more than one
position in any given structure is substituted, the substituent is either the same or different at
each position. The term “substituted” is contemplated to include substitution with all
permissible substituents of organic compounds, and includes any of the substituents described
herein that results in the formation of a stable compound. The present invention contemplates
any and all such combinations in order to arrive at a stable compound. For purposes of this
invention, heteroatoms such as nitrogen may have hydrogen substituents and/or any suitable
substituent as described herein which satisty the valencies of the heteroatoms and results in
the formation of a stable moiety. The invention is not intended to be limited in any manner by
the exemplary substituents described herein.

Exemplary carbon atom substituents include, but are not limited to, halogen, —CN,
—NO,, =N3, —=SO,H, —S0;H, ~OH, —OR™ —ON(R™),, “N(R"™),, “N(R®);"X", -N(OR“)R"",
~8H, ~SR* ~8SR¥, ~C(=Q)R™, ~CO,H, ~CHO, ~C(OR™),;, ~COR™ ~OC(=0R™,
—0COR™, —C(=0INR),, —OC(=ONR™Y,, -NRPC(=0)R™, —-NR™CO,R™,
“NRPCEOINER™Y,, ~CENRPR®, ~CENRPIOR™, ~OC(E=NRIR™, ~0CENROR®,
—CENRINR™),, —OCENRINERD™),, -NRPCENRPINRY,, ~C(=0NRPSO,R™
~NRPSO,R® ~SO,NR™),, ~SOR™, ~SO,0R™, ~0S0R®, ~$(=0)R™ ~0OS(=0)R*,
—Si(R™);, ~OSI(R™); ~C(=S)N(R"),, ~C(=0)SR™, —C(=8)SR™, ~SC(=S)SR™,
~8C(=0)SR™ ~CC(=0)SRY™, —SC(=0YOR™ —SC(=0R™ ~-P(=0)}R"™),, ~P(EO}OR"),,
~OPE0)R™),, ~OP(=0)OR™),, —P=OXNR ), ~OP=OYNR™ )z, ~NRPPEONR™),,
“NRP(=0)(OR™)z, “NR"P(=O)}NR™)2)z, ~P(R* ), “P(OR ), ~P(R™); "X,
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~P{ORS )X, —P(R™)y, ~P(OR™Y,, ~OPR™),, ~OP(R) X, ~OP(OR),, ~OP(OR™); "X,
~0OP(R™),, —OP(OR™),, —BR™),, —B{(OR"),, ~BR™OR™), C}.y0 alkyl, C}.4 perhaloalkyl,
Coae alkenyl, Coag alkynyl, heteroC 0 alkyl, heteroCs.yp alkenyl, heteroCs.0 alkynyl, Csoie
carbocyclyl, 3-14 membered heterccyclyl, Ce.u4 aryl, and 5-14 membered hetercaryl, wherein
each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heterocalkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 R™
groups; wherein X is a counterion;

or two geminal hydrogens on a carbon atom are replaced with the group =0, =5§,
=NN(R™),, =NNRC(=0)R™, =NNR"™C(=0)OR™, =NNRS$(=0),R™ =NR*®, or =NOR*";

each instance of R™is, independently, selected from Ci.10 alkyl, Ci.q0 perhaloalkyl,
Chap alkenyl, Coqp alkynyl, heteroC .y alkyl, heteroCs.palkenyl, heteroCs.palkynyl, Csipp
carbocyclyl, 3-14 membered heterocyclyl, Ceuq aryl, and 5-14 membered heteroaryl, or two
R™ groups are joined to form a 3-14 membered heterocyclyl or 5-14 membered heteroaryl
ring, wheretn each alkyl, alkenvl, alkynyl, hetercalkyl, heteroalkenyl, heterocalkynyl,
carbocyclyl, heterocyclyl, aryl, and hetercaryl is independently substituted with 0, 1, 2, 3, 4,
or 5R% Sroups;

each instance of R is, independently, selected from hydrogen, —OH, ~OR®,
“N(R" Y, ~CN, ~C=OR™, ~C(=0N(R ), ~COR™, ~SO,R™, ~C(=NR"JOR™,
~CENRSINRS),, —SONR ), —SOR™, —S0,0R*, —SOR™, ~C(=SIN(R ), —C(=0)SR™,
~C(=8)8R, —B(=0}R™),, PO} OR™ Y, —PEOWNR L), Ciap alkyl, Cy.y perhaloalkyl,
Caai0 alkenyl, Cyhue alkynyl, heteroCi0alkyl, heteroCs.0alkenyl, heteroC,palkynyl, Ciip
carbocycelyl, 3-14 membered heterocyclyl, Ce.i4 aryl, and 5-14 membered hetercaryl, or two
R groups are joined to form a 3-14 membered heterocyclyl or 5-14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
carbocyclyl, heterocyelyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R* groups; wherein X is a counterion;

each instance of R™ is, independently, selected from hydrogen, Ci.ip alkyl, Crap
perhaloatkyl, Cy.pp alkenyl, ooy alkynyl, heteroCyp alkyl, heteroC,.i0 alkenyl, heteroCyyp
alkyuoyl, Cs.q9 catboeyclyl, 3-14 membered heterocyclyl, Co.14 aryl, and 5-14 membered
heteroaryl, or two R* groups are joined to form a 3-14 membered heterocycivi or 5-14
membered heteroaryl ring, wherein each alkyl, atkenyl, alkynyl, heteroalkyl, hetercalkenvl,
heteroallynyl, carbocyelyl, heterocycelyl, aryl, and heteroaryl is independently substituted

with$, 1,2, 3,4, 0r 5 R4 groups;



WO 2018/187590 PCT/US2018/026286
101

each instance of R ts, independently, selected from halogen, —CN, —NG;, —N;j,
~SO,H, ~SO5H, ~OH, ~OR™, “ONR"),, “N(R"),, “NR"): "X, ~N(OR*JR", ~SH, SR,
~$8R%, ~C(=0)RY, ~CO.H, ~COR®, ~OC(=0)R®, ~OCORY, ~C(=0)NR™),,
~OCEONRD,, -NRICEOR®, -NRICO,R®, -NRC=EOINRY),, ~C(=NRHOR®,

—NRICENRTNERS),, -NRTSO,R®, —SO,N(R"),, —SO,R®, —SO,0R*, —OSO,R*,
~S(=0IRE, ~SHRS ), ~OSHR®)s, ~CEHNRYY,, ~C=0ISRE, ~C(=8)SRY, ~SC(=8)SR*,
—PEONOR™),, —P(=0YR™),, —OP=0XR™),, —~OP(=0)}OR™),, Ci4 alkyl, Cy.5 perhaloalkyl,
Cos alkenyl, Ch alkynyl, heteroC salkyl, heteroCygalkenyl, heteroCialkynyl, Cip
carbocyclyl, 3-10 membered heterocyclyl, Ceao arvl, 5-10 membered heteroaryl, wherein

each alkyl, alkenyl, alkynyl heteroalkyl, heteroalkenyl, hetercalkynyl, carbocyclyl

k2

o0
e

heterocyclyi, aryl, and heteroaryl is independently substitited with 0, 1, 2, 3, 4, or S R*
groups, or two geminal R™ substituents can be joined to form =0 or =S; wherein X is a
counterion;

each instance of R* is, independently, selected from Ci. alkyl, Ci. perhaloalkyl, Cyq
alkenyl, Cy.6 alkynyl, heteroC.s alkyl, heteroCrealkenyl, heteroCs.g alkyoyl, Cso
carbocyclyl, Cean aryl, 3-10 membered heterocyclyl, and 3-10 membered hetercaryl, wherein
each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heterocalkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, or SR®®
groups;

each instance of R is, independently, selected from hydrogen, Cre alkyl, Cig
perhaloalkyl, Cy. alkenyl, Cy¢ alkynyl, heteroC.salkyl, heteroCi.salkenyl, heteroCs.galkynyl,
(.0 carbocyelyl, 3-10 membered heterocyclyi, Ce.io aryl and 5-10 membered heterocaryl, or
two R groups are joined to form a 3-10 membered heterocyelyl or 5-10 membered
heteroaryl ring, wherein each alkyl, atkenyl, alkynyl, heteroatkyl, heteroalkenyl,
hetercalkynyl, carbocyclyl, heterocyclyl, aryl, and hetercaryl is independently substituted
with 0, 1,2, 3, 4, or S R*® groups; and

each instance of R* is, independently, halogen, —CN, —-NG,, —N;, —SO-H, —SO;H,
—NH(C 1 atkyl): X7, “NH{C 16 alkyl) "X, -NH; X, —N(OC 6 alkyl}C 6 alkyl),
—N{OHXC, . alkyl), -NH({OH), —SH, —SC . alkyl, —=S8(C, ¢ alkyl), “C{=0XC.¢ alkyl},
~COH, ~CO{C16 alkyl), ~OC(=0NC e alkyl}, ~OCOCrg alkyly, ~C{(=0)NH,,
—C(=0)N(C alkyl}y, “OC(=0)NH(C\.s alkyl), -NHC(=0)} Ci.c alkyl},
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~N{C1.6 alkyDC{(=0) C s alkyl), -NHCO,{Cy ¢ alkyl), "NHC(=O)N(C . alkyl},
—NHC(=0)NH(C, 5 alkyl), -NHC(=0)NH,, ~C(=NH}O(C s alkyl), “OC(=NH)}C . alkyl),
~OCENHOC 16 alkyl, ~C=NHN(C s alkyl), ~C(=NHNH(C1.; alkyl), ~C(=NH)NH,,
—OC(=NHIN(C L alkyl),, "OC(NHINBH(C, 6 alkyl), “OC(NH)NH,,

~NHC(NH)N(C 6 alkyl),, ~NHC{ENH)NH,, ~NHSO(C g alkyl), ~SON(C i alkyl),
—SONH(Cy6 alkyl), —SO2NH,, —SO,C 1 alkyl, —SO,0C . alkyl, —080,C 1 alkyl,
~SOC 1.6 alkyl, ~8i(C 1 alkyly, ~OSYCig alkyl)s ~CE=SIN(CLe alkyl ),

—C(=SINH(C . alkyl}, C(=S)NH,, ~C(=0)S(C\.s alkyl), ~C{(=S8)8C ¢ alkyl,
=SC(=8)5C 6 alkyl, "P(=0X0C . alkyl),, —P(=0}C . alkyl),, “OP(=0)(C . alkyl),,
~OPEON0C 146 alkyl),, Cre alkyl, Cig perhaloalkyl, Cos alkenyl, Co alkynyl,
heteroCygalkyl, heteroC,.ealkenyl, heteroCigalkynyl, Cip carbocyelyl, Couo aryl, 3-10

membered heterocyclyl, 5-10 membered heteroaryl; or two geminal R*® substituents can be

joined to form =0 or =§; wherein X is a counterion,

The term “halo” or “halogen” refers to fluorine {fluorce, —F), chlorine (chioro, —Cl),
bromine (bromo, —Br)}, or iodine (iodo, —1).

The term “hydroxyl” or “hydroxy” refers to the group —OH. The term “substituted
hydroxyl” or “substituted hydroxyl,” by extension, refers to a hydroxyl group wherein the
oxygen atom directly attached to the parent molecule is substituted with a group other than
hydrogen, and includes groups selected from —OR®, —~ON(R"™),, ~OC(=0)SR™,
—~OC(=0)R™ —OCOR™, ~OC(=0)N(R™),, ~OC(=NRIR® —OC(=NR"")OR™,
~OCENRPINR™Y,, ~08E=0R™ ~080R™ ~0O81(R™);, ~OP(RS),, ~OPR™): X,
—OP(OR™),, —OP(OR™); "X, —OP(=0)R™),, —OP(=0)}OR*},, and “OP(=0)}N({R"™)),,
wherein X7, R® R® and R are as defined herein.

The term “amino” refers to the group —NH,. The term “substituted amino,” by
extension, refers to a monosubstituted amino, a disubstituted amino, or a trisubstituted amino.
In certain embodiments, the “substituted amino” is a monosubstituted amino or a
disubstituted amino group.

The term “monosubstituted aming” refers to an amine group wherein the nitrogen
atom directly attached to the parent molecule 15 substituted with one hydrogen and one group
other than hydrogen, and includes groups selected from —NH(R™), -NHC(=0)R™,
—NHCO,R®, ~NHC(=0)N(R™),, “NHC(=NR"™)NR™),, -NHSO,R* —NHP(=0)}OR"),,
and ~NHPEOIN(R™),),, wherein R™ R™ and R® are as defined herein, and wherein R™ of

the group —NH(R™) is not hydrogen.



10

20

WO 2018/187590 PCT/US2018/026286
103

The term “disubstituted amino” refers to an amino group wherein the nitrogen atom
directly attached to the parent molecule is substituted with two groups other than hydrogen,
and includes groups selected from ~N(R),, ~NR™ C(=0)R™ ~NR™CO,R™,
—NRPPCEOINER™),, -NRPCENRPINRD™),, —NRPSO,R™, —-NRPP(=0)(OR™),, and
~“NRPPEOWNR™), ), wherein R™ R™, and R* are as defined herein, with the proviso that
the nitrogen atom directly attached to the parent molecule is not substituted with hydrogen.

The term “trisubstituted anuno” refers to an amino group wherein the nitrogen atom
directly attached to the parent molecule s substituted with three groups, and includes groups
selected from —N(R™)z and ~N(R™)," X", wherein R” and X are as defined herein.

The term “sulfony!” refers to a group selected from —~SON(R™),, ~SO,R™ and -
SO,0R™ wherein R* and R are as defined herein.

The term “sulfiny!” refers to the group ~S(=0)R™ wherein R™ is as defined herein.

The term “acyl” refers to a group having the general formula ~C(=0)R™,
~CEOOR™M, ~CEQ-O-CEORY, ~CEOSRY, ~CEOINR™ ), ~CES R,
~CENR™MY,, and —C=S)SER™), ~CENRTIRY, ~CENRMYORY, —CENRTYSRY, and
~C(=NRFINR™),, wherein R™ is hydrogen; halogen; substituted or unsubstituted
hydroxyl; substituted or unsubstituted thiol; substituted or unsubstituted amino; substituted or
unsubstituted acyl, cychic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched alkyl;
cyclic or acyclic, substifuted or unsubstituted, branched or unbranched alkenyl; substituted or
unsubstituted alkynyl; substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, aliphaticoxy, heteroaliphaticoxy, alkyloxy, heteroalkyloxy, aryloxy,
heteroaryloxy, aliphaticthioxy, heteroaliphaticthioxy, alkylthioxy, heteroalkylthioxy,
aryithioxy, heteroarylthioxy, mono- or di- aliphaticamino, mono- or di- heteroaliphaticamino,
mono- or di- alkylamino, mono- or di- heteroalkylamino, mono- or di-arvlamino, or mono- or
di-heteroarylamine; or two R*! groups taken together form a 5- to 6-membered heterocyclic
ring. Exemplary acyl groups include aldehydes (—CHOQO), carboxvlic acids (—CO,H}, ketones,
acyl halides, esters, amides, imines, carbonates, carbamates, and ureas. Acyl substituents
include, but are not limited to, any of the substituents described herein, that result in the
formation of a stable moiety (e.g., aliphatic, alkyl, atkenyl, alkynyl, hetercaliphatic,
heterocyclic, aryl, heteroarvl, acyl, oxo, imino, thicoxo, cyano, isocyano, amino, azido, nitro,

hydroxyl, thiol, halo, aliphaticamino, hetercaliphaticamino, alkylamino, heteroalkylamino,
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arylamino, heteroaryvlamino, alkylaryl, arylalkyl, aliphaticoxy, heteroaliphaticoxy, alkyloxy,
heteroalkyloxy, aryloxy, hetercaryloxy, aliphaticthioxy, heteroaliphaticthioxy, alkylthioxy,
heteroalkylthioxy, arylthioxy, heteroarylthioxy, acyloxy, and the like, each of which may or
may not be further substituted).

The terro “carbonyl” refers a group wherein the carbon directly attached to the parent
molecule is sp” hybridized, and is substituted with an oxygen, nitrogen or sulfur atom, e.g., a
group selected from ketones (-C(=O)R™), carboxylic acids (~CQO,H), aldehydes (-CHO),
esters (~COR™ ~C(=0)8R™, ~C(=S)SR™), amides (-C(=NR),, ~-C(=0)NR"™S0.R™,
—C(=8)N(R},), and imines (-C(=NR"JR® —C(=NR"™OR™), ~-C(=NR"™N(R"),), wherein
R™ and R" are as defined herein.

Nitrogen atoms can be substituted or unsubstituted as valency permits, and include
primary, secondary, tertiary, and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not limited to, hydrogen, —OH, ~OR™, —N(R"),, —CN,
~CEOR™, ~CEONRS),, ~CORY, ~80,R™, ~C(=NRIR®, ~C(=NR™YOR™,
~CENRSINR ), —SONR ), —SOR™, —S0,0R*, —SOR™, ~C(=SIN(R ), —C(=0)SR™,
~C(=8)}8R, ~P(=O}OR" ), ~PEOHR™),, ~PEOUN(R )., Crap alkyl, Ciuyp perhaloalkyl,
Cy.g0 alkenyl, Che alkynyl, heteroC i 0alkyl, heteroCypalkenyl, heteroCypalkynyl, Cslg
carbocyclyl, 3-14 membered heterocyclyl, Ce.q aryl, and 5-14 merobered heteroaryl, or two
R groups attached to an N atom are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, arvl, and hetercaryl is independently substituted
with 0, 1,2, 3, 4, or 5 R™ groups, and wherein R™, R, R and R* are as defined above.

In certain embodiments, the substituent present on the nitrogen atom is a nitrogen
protecting group {also referred to herein as an “amino protecting group” ). Nitrogen protecting
groups include, but are not limited to, ~OH, ~OR™ ~N(R“}),, ~C(=OR™, ~C(=0INER™),,
~COR™ —80,R™ —C(=NRR™ —CE=NRFIOR™, —C(=NREINRS Y, —SONER®),,
=8R%, ~SO,0R™, ~SOR™, ~C(E=SINR ™Y, ~CEOISRY, ~C(E=S)SR, Cryg alkyl (eg.,
aralkyl, heteroaralkyly, Cy.i0 alkenyl, Chp alkynyl, heteroCiyg alkyl, heteroC, iy atkenyl,
heteroCy.0 alkynyl, Cs.ip cartbocyclyl, 3-14 membered heterocyelyl, Ceaq aryl, and 5-14
membered heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, heteroalkyl,
hetercalkenyl, hetercalkynyl, carbocyclyl, heterocyclyl, aralkyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups, and wherein R* R" R* and R™

are as defined herein. Nitrogen protecting groups are well known in the art and include those
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described in detail in Profecting Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wuts, 3" edition, John Wiley & Sons, 1999, incorporated herein by reference.

For example, nitrogen protecting groups such as amide groups (e.g., ~C(=0)R™)
include, but are not limited to, formamide, acetamide, chloroacetamide, trichlorcacetamide,
trifluorcacetarmide, phenylacetamide, 3-phenylpropanamide, picolinamide, 3-
pyridylcarboxamide, N-benzoylphenvlalanyl derivative, benzamide, p-phenylbenzamide, o-
nitophenylacetamide, o~-nitrophenoxyacetamide, acetoacetamide, (N-
dithicbenzyloxvacylaminojacetamide, 3-(p-hydroxyphenyl)propanamide, 3-(o-
nitrophenyl}propanamide, 2-methyl-2-{o-nitrophenoxy propanamide, 2-methyi-2-(o-
phenylazophenoxy)propanamide, 4-chlorobutanamide, 3-methyi-3-nitrobutanamide, o-
nitrocinnamide, N-acetylmethionine derivative, o-nitrobenzamide and o-
{(benzoyloxymethyl)benzamide.

Nitrogen protecting groups such as carbamate groups {e.g., —C(=0)OR™) include, but
are not limited to, methyl carbamate, ethyl carbamate, 9-fluorenylmethyl carbamate (Fmoc),
9-(Z-sulto)fluorenylmethyl carbamate, 9-(2,7-dibromo)fluorcenylmethy! carbamate, 2,7-di~t-
butyl-[9-(10,10-dioxo0-10,10,10,10-tetrahydrothioxanthyl} jmethyl carbamate (DBD-Tmoc),
4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), 1-(1-adamantyl)-1-
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethy! carbamate, 1,1-dimethyl-2 2~
dibromoethyl carbamate (DB-t-BOC), 1,1-dimethyl-2, 2 2-trichloroethyl carbamate
(TCBOC), t-methyl-1-(4-biphenylyljethyl carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-
methylethyl carbamate (t-Bumeoc), 2-(2°- and 4’-pyridyljethyl carbamate (Pyoc), 2-(N,N-
dicyclohexyicarboxamidolethyl carbamate, t-butyl carbamate (BOC or Boc), 1-adamantyl
carbamate {Adoc), vinyl carbamate (Voc), allyl carbamate {(Alloc), 1-isopropylalivi
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamy! carbamate (Nog), 8-quinolyl
carbamate, N-hydroxypipernidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Chz),
p-methoxybenzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p-
chlorobenzyl carbamate, 2 4-dichlorobenzy! carbamate, 4-methylsulfinylbenzyl carbamate
{(Mgz), 9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2-methylthioethy] carbamate,
2-methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-
dithianyl}}methy! carbamate (Dmoc), 4-methylthiophenyl carbamate (Mitpc), 2,4-
dimethylthiophenyl carbamate (Bmpc), 2-phosphonicethyl carbamate (Peoc), 2-

triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate, m-
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chloro-p-acyloxybenzyl carbamate, p~(dihydroxyboryhbenzyl carbamate, 5-
benzisoxazolylmethyl carbamate, 2-(triftuoromethyl}-6-chromonylmethyl carbamate (Tcroc),
m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, 3 .4-
dimethoxy-G-nitrobenzyl carbamate, phenyl{o-nitropheny!ymethyl carbamate, t-amyl
carbamate, S-benzyl thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl] carbamate,
cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl! carbamate, p-
decyloxybenzyl carbamate, 2,2-dimethoxyacylvinyl carbamate, o-(N,N-
dimethylcarboxamidojbenzyl carbamate, 1,1-dimethyl-3-(N N-dimethylcarboxamido)propyl
carbamate, 1, 1-dimethylpropynyl carbamate, di(2-pynidylimethy! carbamate, 2-furanylmethyl
carbamate, 2-todoethyl carbamate, isoborynl carbamate, iscbutyl carbamate, isonicotinyl
carbamate, p-(p -methoxyphenylazo)benzyl carbamate, 1-methyleyclobutyl carbamate, 1-
methyleyclohexyl carbamate, T-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3,5-
dimethoxyphenyliethyl carbamate, 1-methyl-1-(p-phenvlazophenyiethyl carbamate, 1-
methyi-1-phenylethyl catbamate, 1-methyl-1-(4-pyridyljethyl carbamate, phenyl] carbamate,
p-{phenyiazo)benzyl carbamate, 2 4,6-tri-t-butylphenyi carbamate, 4-
(trimethylammoniumbenzyl carbamate, and 2,4,6-trimethylbenzyl carbamate.

Nitrogen protecting groups such as sulfonamide groups {(e.g., —S(=0),R™) include,
but are not limited to, p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3, 6-trimethyl-4-
methoxybenzenesulfonamide (Mir), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4-
methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-
trimethylbenzenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzenesutfonamide (1Mds),
2,2,5,7,8-pentamethyichroman-6-sutfonamide (Pmc), methanesulfonamide (Ms), B-
trimethylisilylethanesuifonamide (SES), 9-anthracenesulfonamide, 4-(4°,8’-
dimethoxynaphthylmethyDbenzenesulfonamide (DNMBS), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide.

Other nitrogen protecting groups include, but are not himited to, phenothiazinyl-(10}-
acy! derivative, N’ -p-teluenesulfonylaminoacyl derivative, N'-phenylaminothioacyl
derivative, N-benzoylphenylalanyl derivative, N-acetylmethionine derivative, 4,5~diphenyl-3-
oxazolin-Z-one, N-phthalimide, N-dithiasuccinimide (Dis}, N-2,3-diphenvimaleimide, N-2,5-
dimethylpyrrole, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 3-
substituted 1,3-dimethyl-1,3 5-triazacyclohexan-2-one, 5-substituted 1,3-dibenzyl-1,3,5-

triazacyclohexan-2-one, I-substituted 3 5-dinitro-4-pyridone, N-methylamine, N-allylamine,
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N-[2-{trimethyisilyljethoxy Imethylamine (SEM), N-3-acetoxypropylamine, N-(1-isopropyl-
4-nitro-2-oxo-3-pyroolin-3-yhamine, quaternary ammonium salts, N-benzylamine, N-di{4-
methoxyphenyhmethylamine, N-5S-dibenzosuberylamine, N-triphenylethylamine (Tr), N-
[(4-methoxyphenyl)diphenylmethyljamine (MMTr), N-9-phenyifluorenylamine (PhF), N-
2,7~dichioro-9-fluorenylmethyleneamine, N-ferrocenylmethylarino (Fem), N-2-
picolylamino N -oxide, N-1,1-dimethylthiomethyleneamine, N-benzylideneamine, N-p-
methoxybenzylideneamine, N-diphenylmethyleneamine, N-{(2-
pyridylymesitylimethyleneamine, N-{IN’,N’-dimethylaminomethylene)amine, N,N’-
isopropylidenediamine, N-p-nitrobenzylideneamine, N-salicylideneamine, N-5-
chlorosalicylideneamine, N-(5-chloro-2-hydroxyphenyl)phenylmethyleneamine, N-
cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-1-cyclohexenylamine, N-borane derivative,
N-diphenyiborinic acid derivative, N-[phenyi{pentaacylchromium- or tungsten)acyljamine,
N-copper chelate, N-zine chelate, N-nitroamine, N-nitrosoamine, amine N-oxide,
diphenviphosphinamide (Bpp), dimethylthiophosphinamide (Mpt),
diphenvyithiophosphinamide (Ppt), dialky! phosphoramidates, dibenzyl phosphoramidate,
diphenyl phosphoramidate, benzenesulfenamide, o-mtrobenzenesulfenamide (Nps), 2,4-
dinttrobenzenesulfenamide, pentachlorobenzenesulfenamide, 2-nitro-4-
methoxybenzenesulfenamide, triphenylmethylsulfenamide, and 3-nitropynidinesulfenamide
{(Npys).

In certain embodiments, the substituent present on an oxygen atom is an oxygen
protecting group (also referred to herein as an “hydroxyl protecting group”). Oxygen
protecting groups include, but are not limited to, —R™ —N(R™),, —C(=0)SR*, —C(=0)R®,
~COR™, ~C(=0YNR®),, ~C{=NR"IR®, ~C(=NR"™YOR™ ~C(=NRINR"),, ~S(=0)R™
—SOR™, =Si(R™)3, =P(R™), —P(R™); "X, -P(OR™), ~P(OR™); "X, ~P(=0)}R™),,
~PEONORS),, and ~P=0)NR™) 1), wherein X7, R* R™, and R™ are as defined herein.
Oxygen protecting groups are well known in the art and include those described in detail in
Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3" edition, John
Wiley & Sons, 1999, incorporated herein by reference.

Exemplary oxygen protecting groups include, but are not limited to, methyl,
methoxylmethyl (MOM), methylthiomethyl (MTM), t-butylthiomethyl,
{(phenyldimethylsilylimethoxymethyl (SMOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy ymethyl (p-AOM), guaiacolmethyl
(GUM), t-butoxymethyl, 4-pentenyloxymethyl (POM), siloxymethyl, 2-
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methoxyethoxymethyl (MEM), 2,2 2-trichioroethoxymethyl, bis(2-chloroethoxy)methyl, 2-
{(trimethylsilyDethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, T-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyt S,S-dioxide, 1-{(2-chloro-4-methylphenyll-4-
methoxypiperidin-4-yl {CTMP), 1 4-dioxan-2-yl, tetrahydrofurany!, tetrahydrothiofuranyl,
2,3,3a,4,5,6,7, 7Ta~octahydro-7,8, 8-trimethyl-4, 7-methanobenzofuran-2-yi, 1-ethoxyethyl, 1-
{(2-chloroethoxyethyl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-
benzyloxy-2-fluoroethyl, 2,2, 2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, t-
butvl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, benzyl (Bn), p-
methoxybenzyl, 3 4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-
dichlorobenzyl, p-cyanobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyi-2-picolyl N-
oxido, diphenylmethyl, p,p’-dinitrobenzhydryl, S-dibenzosuberyl, triphenylmethyl, a-
naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p-
methoxyphenyphenyimethyl, tri{p-methoxyphenylimethyl, 4-(4’-
bromophenacyloxyphenyl)diphenylmethyl, 4,4".4"-tr1s(4,5-
dichlorophthalimidophenylymethyl, 4,4',4"-tris(levulinoyloxyphenyiimethyl, 4,4",4"-
tris(benzoyloxyphenylmethyl, 3-(imidazol-1~-yUbis(4’ 4" -dimethoxyphenylmethyl, 1,1-
bis(4-methoxyphenyl)--pyrenvimethyl, 9-anthryl, 9-(9-phenylixanthenyl, 9-(9-phenyi-10-
oxojanthryl, 1,3-benzodithiolan-2-y1, benzisothiazolyl 8§, 8-dioxido, trimethylsilyl (TMS),
triethylsilyl (TES), triisopropylsilyl (TIPS}, dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, t-butyldimethylsilyl (TBDMS), t-
butvidiphenylsilyl (TBDPS), tribenzyisilyl, tri-p-xylylsilyl, triphenvisilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl (TBMPS), formate, benzoylformate,
acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluorcacetate, methoxyacetate,
triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-phenylpropionate, 4-
oxopentanoate (fevulinate}, 4,4-{ethylenedithio)pentancate (levulinoyldithicacetal), pivaloate,
adamantoate, crotonate, 4-methoxyerotonate, benzoate, p-phenylbenzoate, 2.4,6-
trimethylibenzoate (mesitoate), methyl carbonate, 9-fluorenylmethyl carbonate (Fmoc), ethyl
carbonate, 2,2, 2-trichloroethyl carbonate (Troc), 2-{trimethylsilyiethy! carbonate (TMSEC),
2-(phenylsulfonyl}) ethyl carbonate (Psec), 2-(triphenylphosphonio} ethyl carbonate (Peoc),
isobutyl carbonate, vinyl carbonate, allyl carbonate, t-butyl carbonate (BOC or Boc), p-

nitropheny! carbonate, benzyl carbonate, p-methoxybenzyl carbonate, 3,4-dimethoxybenzyl
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carbonate, o-nitrobenzyl carbonate, p-nitrobenzyl carbonate, S-benzyl thiocarbonate, 4-
ethoxy-1-napththyl carbonate, methyl dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-
nitro-4-methylpentanoate, o-{(dibromomethylbenzoate, 2-formylbenzenesulfonate, 2-
(methylthiomethoxyjethyl, 4-(methvlthiomethoxy jbutyrate, 2-
(methylthiomethoxymethyhbenzoate, 2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro-4-
{1,1,3 3-tetramethylbutyl)phenoxyacetate, 2,4-bis(1, I-dimethylpropylphenoxyacetate,
chlorodiphenylacetate, 1sobutyrate, monosuccinoate, (E)-2-methyl-2-butenoate, o-
(methoxyacyl)benzoate, a-naphthoate, nitrate, alkyl N N, N" N~
tetramethylphosphorodiamidate, alkyl N-phenylcarbamate, borate, dimethylphosphinothioyl,
alkyl 2, 4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzyisulfonate, and
tosylate (Ts).

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting
group (also referred to as a “thiol protecting group”). Sulfur protecting groups include, but
are not limited to, ~R™, ~N(R"®),, ~C(=0)SR™, ~C(=0R™ ~CO,R™, ~C(=0)NR™),,
~C(=NR™IRY —C(=NRPIOR™, —C(=ENR™INR™),, —S(=0)R™ —SO,R™, —SI(R™),

—P=0YN(R™) ), wherein R*, R, and R are as defined herein. Sulfur protecting groups
are well known in the art and include those described iu detail wn Protecting Groups in
Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999,
incorporated herein by reference.

A “counterion” or “antonic counterion” 1s a negatively charged group associated with
a posttively charged group in order to maintain electronic neutrality. An anionic counterion
may be monovalent (i.e., including one formal negative charge). An anionic counterion may
also be multivalent (i.e., including more than one formal negative charge), such as divalent or
trivalent. Exemplary counterions include halide ions {(e.g., ¥, CI7, Br, '), NG5~ Ci0Qy, OH,
H,PO,, HCO; HSO4, sulfonate ions (e.g., methansulfonate, triffuoromethanesulfonate, p—
toluenesulfonate, benzenesulfonate, 10—camphor sulfonate, naphthalene—2—sulfonate,
naphthalene—1-sulfonic acid-5-sulfonate, ethan—1-sulfonic acid-2-sulfonate, and the like),
carboxylate ions (e.£., acetate, propanoate, benzoate, glycerate, lactate, tarirate, glycolate,
gluconate, and the like), BF, ", PF,", PFs", AsF¢™, SbFs, B[3,5-(CF3)aCeHs LT, B(CeF <)y,
BPhy", AHOC(CF3)%)4, and carborane anions {e.g., CB Hy, ™ or (HCB;;MesBrg) ).
Exemplary counterions which may be multivalent include CO: HP().@z—, P{)f_, B4~072*,

5047, $,057, carboxylate anions {(e.g., tartrate, citrate, fumarate, maleate, malate, malonate,
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gluconate, succinate, ghutarate, adipate, pimelate, suberate, azelate, sebacate, salicylate,
phthalates, aspartate, glutamate, and the like), and carboranes.

As used herein, use of the phrase “at least one 1nstance” refers to 1, 2, 3, 4, or more
instances, but also encompasses a range, e.g., for example, from 1 to 4, from 1 to 3, from 1 to
2, from 2 to 4, from 2 to 3, or from 3 to 4 instances, inclusive.

These and other exemplary substituents are described in more detail throughout. The
invention 18 not intended to be limited in any manner by the above exemplary histing of
substituents.

As used herein, the term “salt” refers to any and all salts, and encompasses
pharmaceutically acceptable salts.

The term “pharmaceutically acceptable salt” refers to those salts which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of humans and
lower arimals without undue toxicity, irritation, allergic response, and the like, and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, Berge e7 /. describe pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those derived
from suitable inorganic and organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of an amino group formed with inorganic
acids, such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, and
perchloric acid or with organic acids, such as acetic actd, oxalic acid, maleic acid, tartaric
acid, citric acid, succinic acid, or malonic acid or by using other methods known in the art
such as ion exchange. Other pharmaceutically acceptable salts inchude adipate, alginate,
ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
hemisulfate, heptanoate, hexanocate, hydrotodide, 2-hydroxy-ethanesulfonate, lactobionate,
factate, laurate, fauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesuifonate, nicotinate, nitrate, 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 bases include alkali metal, alkaline earth metal, ammonium,

and N'(Cy.4 alkyl),” salts. Representative atkali or alkaline earth metal salts include sodium,
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lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable
salts include, when appropriate, nontoxic ammonium, quaternary ammoniun, and amine
cations formed using counterions such as halide, hydroxide, carboxylate, sultate, phosphate,

nitrate, lower alkyl sultonate, and aryl sulfonate.

Bivlogically Active Agents

This disclosure contemplates that the LNPs provided herein and/or the various
combination therapies provided herein may be used to deliver a nucleic acid such as an
mRNA to a subject. The nucleic acids typically will encode a biologically active protein.
Biologically active proteins are agents that have an effect in vivo, and preferably a beneficial
effect, such as desirable immune modulation, immune stimulation, immune inhibition, cell
killing, cell preservation, modified gene expression, protein replacement, and the like.
Biologically active proteins include but are not limited to prophylactic agents, therapeutic
agents, and diagnostic agents. Biologically active proteins include immunomodulatory
agents such as immunostimulatory or immunoinhibitory agents, antigens, antibodies and
antibody fragments such as antigen-binding antibody fragments, adjuvants, cytokines such as
interleukins, anti-bacterial agents, anti-viral agents, anti-fungal agents, anti-parasitic agents,
anti-cancer agents, anti-inflammatory agents, and the like.

They may be used to express nucleic acids and/or proteins in cells, particularly in
cells that are deficient in such nucleic acids or proteins or have mutated versions of such
nucleic acids or proteins. They may be used to introduce and express nucleic acids or
proteins that are not native to the cell or organism, as may be done for example in the context
of an immunization or vaccination protocol. In this respect, the nucleic acid or protein may be
foreign to the subject to whom it 1s administered (e.g., not naturally occurring in such subject,
or not naturally occurring at all), and it 1s administered to the subject to induce and/or boost
an immune response to such nucleic acid or protein.  The nucleic acids provided herein may
be used for such a purpose.

As used herein, the term “nucleic acid” refers to a compound comprising a nuclechase
and an acidic motety, e.g., a nucleoside, a nucleotide, or a polymer of nucleotides. Typically,
polymeric nucleic acids, e.g., nucleic acid molecules comprising three or more nuclectides
are linear molecules, in which adjacent nucleotides are linked to each other via a
phosphodiester linkage. In some embodiments, “nucleic acid” refers to individual nucleic

acid residues {e.g., nucleotides and/or nucleosides). In some embodiments, “nucleic acid”
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refers to an oligonucleotide chain comprising three or more individual nucleotide residues.
As used herein, the terms “oligonucleotide” and “polynucleoctide” can be used
interchangeably to refer to a polymer of nucleotides (e.g., a string of at least three
nucleotides). In some embodiments, “nucleic acid” encompasses RNA as well as single
and/or double-stranded DNA. A nucleic acid sequence is presented in the 57 to 3" direction
unless otherwise indicated.

Therapeutic compositions of the present disclosure comprise, in some embodiments,
at least one nucleic acid {(e.g., RNA) having an open reading frame encoding at least one
therapeutic protein or intracellular protein, wherein the nucleic acid comprises nucleotides
and/or nucleosides that can be standard (unmodified) or moditied as is known in the art. In
some embodiments, nucleotides and nucleosides of the present disclosure comprise modified
nucieotides or nucleosides. Such modified nucleotides and nucleosides can be naturally-
occurring modified nucleotides and nucleosides or non-naturally occurring modified
nucleotides and nucleosides. Such modifications can include those at the sugar, backbone, or
nucleobase portion of the nucleotide and/or nucleoside as are recognized in the art. For
example, a chemically modified uracil, e.g., pseudouracil, -methylpseuodouracil, 5-
methoxyuracil, or the like. In some embodiments, a naturaliy-occurning modified nucleotide
or nucleotide of the disclosure is one as 1s generally known or recognized in the art. Non-
limiting examples of such naturally cccurring modified nuclectides and nucleotides can be
found, inter alia, in the widely recognized MODOMICS database.

in some embodiments, a non-naturally occurring modified nuclectide or nucleoside of
the disclosure is one as is generally known or recognized in the art. Non-limiting examples
of such non-naturally occurring modified nucleotides and nucleosides can be found, inter alia,
in published US application Nos. PCT/US2012/058519; PCT/US2013/075177,
PCT/US2014/058897, PCT/US2014/0538891; PCT/US2014/070413, PCT/US2015/036773;
PCT/US2015/036759; PCT/USZ015/036771; or PCT/IB2017/051367 all of which are
incorporated by reference herein.

In some embodiments, at teast one RNA (e.g., mRNA} of the present disclosure is not
chemically moditied and comprises the standard ribonucleotides consisting of adenosine,
guanosine, cytosine and uridine. In some embodiments, nucleotides and nucleosides of the
present disclosure comprise standard nucleoside residues such as those present in transcribed

RNA (eg A, G, C, or U} In some embodiments, nucleotides and nucleosides of the present
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disclosure comprise standard deoxyribonucleostdes such as those present in DNA (e.g. dA,
dG, dC, or dT).

Hence, nucleic acids of the disclosure {e.g., DNA nucleic acids and RNA nucleic
acids, such as mRINA nucleic acids) can comprise standard nucleotides and nucleosides,
naturally-occurring nucleotides and nucleosides, non-naturally-occurring nucleotides and
nucleosides, or any combination thereof.

Nucleic acids of the disclosure {e.g., DNA nucleic acids and RNA nucleic acids, such
as mRINA nucleic acids), in some embodiments, comprise various {more than one) different
types of standard and/or modified nucleotides and nucleosides. In some embodiments, a
particular region of a nucleic acid contains one, two or more {optionally different) types of
standard and/or modified nucleotides and nucleosides.

In some embodiments, a modified RNA nucleic acid (e.2., a modified mRNA nucleic
acid), introduced to a cell or organism, exhibits reduced degradation in the cell or organism,
respectively, relative to an unmodified nucleic acid comprising standard nucleotides and
nucleosides.

Nucleic acids {e.g., RNA nucleic acids, such as mRNA nucleic acids), in some
embodiments, comprise non-natural modified nucleotides that are introduced during synthesis
or post-synthesis of the nucleic acids to achieve desired tunctions or properties. The
moditications may be present on internucleotide linkages, purine or pyrimidine bases, or
sugars. The modification may be introduced with chemical synthesis or with a polymerase
enzyme at the terminal of a chain or anywhere else in the chain. Any of the regions of a
nucleic acid may be chemically modified.

The present disclosure provides for modified nucleosides and nucleotides of a nucleic
acid {e.g., RNA nucleic acids, such as mRINA nucleic acids). A “nucleoside” refersto a
compound containing a sugar molecule (e.g., a pentose or ribose) or a derivative thereof in
combination with an organic base {e.g., a purine or pyrimidine} or a derivative thereof {also
referred to herein as “nucleobase™). A “nucleotide” refers to a nucleoside, including a
phosphate group. Meodified nucleotides may by synthesized by any useful method, such as,
for example, chemically, enzymatically, or recombinantly, to include one or more modified
or non-natural nuclecsides. Nucleic acids can comprise a region or regions of linked
nucleosides. Such regions may have variable backbone linkages. The linkages can be
standard phosphodiester linkages, in which case the nucleic acids would comprise regions of

nycleotides.
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Modified nucleotide base pairing encompasses not only the standard adenosine-
thymine, adenosine-uracil, or guanosine-cytosine base pairs, but also base pairs formed
between nucleotides and/or modified nucleotides comprising non-standard or modified bases,
wherein the arrangement of hydrogen bond donors and hydrogen bond acceptors permits
hydrogen bonding between a non-standard base and a standard base or between two
complementary non-standard base structures, such as, for example, in those nucleic acids
having at least one chemical modification. One example of such non-standard base pairing is
the base pairing between the modified nucleotide inosine and adenine, cvtosine or uracil.

Any combination of base/sugar or linker may be incorporated into nucleic acids of the present
disclosure.

In some embodiments, modified nucleobases in nucleic acids {e.g., RNA nucleic
acids, such as mRNA nucletc acids) comprise T-methyl-pseudouridine {m1y), I-ethyl-
pseudouridine {(ely), S-methoxy-uridine {moSU), S-methyl-cytidine (mSC), and/or
pseudouridine (). In some embodiments, modified nuclecbases in nucieic acids (e.g., RNA
nucleic acids, such as mRNA nucleic acids) comprise S-methoxymethy] uridine, S-methylthio
uridine, 1-methoxymethy! pseudouridine, S-methyl cytidine, and/or S-methoxy cytidine. In
some embodiments, the polyribonucleotide includes a combination of at least two {e.g., 2, 3,
4 or more) of any of the aforementioned modified nucleobases, including but not himited to
chemical modifications.

In some embodiments, a RNA nucleic acid of the disclosure comprises 1-methyi-
pseudouridine (m1y) substitutions at one or more or all uridine positions of the nucleic acid.

In some embodiments, a RNA nucleic acid of the disclosure comprises 1-methyi-
pseudouridine {m ly) substitutions at one or more or all uridine positions of the nucleic acid
and 5-methyl cytidine substitutions at one or more or all cytidine positions of the nucleie
acid.

In some embodiments, a RNA nucleic acid of the disclosure comprises pseudouridine
{(w) substitutions at one or more or all uridine positions of the nucleic acid.

In some embodiments, a RNA nucleic acid of the disclosure comprises pseudouriding
{(y} substitutions at one or more or all uridine positions of the nucleic acid and S-methyl
cytidine substitutions at one or more or all cytidine positions of the nucleic acid.

In some embodiments, a RNA nucleic acid of the disclosure comprises uridine at one

or more or all uridine positions of the mucleic acid.
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In some embodiments, nucleic acids (e.g., RNA nucleic acids, such as mRNA nucleic
acids) are uniformly modified (e.g., fully modified, modified throughout the entire sequence)
for a particular modification. For exarnple, a nucleic acid can be uniformly modified with 1-
methyl-pseudouridine, meaning that all uridine residues in the mRNA sequence are replaced
with T-methyl-pseudouridine. Similarly, a nucleic acid can be uniformly modified for any
type of nucleoside residue present in the sequence by replacement with a modified residue
such as those set forth above.

The nucleic acids of the present disclosure may be partially or fully modified along
the entire length of the molecule. For example, one or more or all or a given type of
nucleotide (e.g., purine or pyrunidine, or any one or more or all of A, G, U, C) may be
uniformly modified in a nucleic acid of the disclosure, or in a predetermined sequence region
thereof (e.g., in the mRNA including or excluding the poly A tail}. In some embodiments, all
nucleotides X in a nucleic acid of the present disclosure (or in a sequence region thereof) are
modified nucleotides, wherein X may be any one of nucleotides A, G, U, €, or any one of the
combinations A+G, A+U, A+C, G+HU, G+C, UHC, A+GHU, A+GHC, GHUHC or A+GHC.

The nucleic acid may contain tfrom about 1% to about 100% modified nucleotides
(either in relation to overall nucleotide content, or in relation to one or more types of
nucleotide, i.¢ , any one or more of A, G, U or C) or any intervening percentage {e.g., from
1% to 20%, from 1% to 25%, from 1% to 50%, from 1% to 60%, from 1% to 70%, from 1%
to 80%, from 1% to 90%, from 1% to 95%, from 10% to 20%, from 10% to 25%, from 10%
to 50%, from 10% to 60%, from 10% to 70%, from 10% to 80%, from 10% to 90%, from
10% to 95%, from 10% to 100%, from 20% to 25%, from 20% to 50%, from 20% to 60%,
from 20% to 70%, from 20% to 80%, from 20% to 90%, from 20% to 95%, from 20% to
100%, tfrom 50% to 60%, from 50% to 70%, from 50% to 80%, from 50% to 90%, from 50%
to 95%, from 50% to 100%, from 70% to 80%, from 70% to 90%, from 70% to 95%, from
70% to 100%, from 80% to 90%, from 80% to 95%, from 80% to 100%, tfrom 90% to 95%,
from 90% to 100%, and from 95% to 100%). It will be understood that any remaining
percentage is accounted for by the presence of unmodified A, G, U, or C.

The nucleic acids may contain at a nunirourm 1% and at maximum 100% modified
nucleotides, or any intervening percentage, such as at least 5% modified nucleotides, at least
10% modified nucleotides, at least 25% modified nucleotides, at least 50% modified
nucleotides, at least 80% modified nuclectides, or at least 90% modified nucleotides. For

example, the nucleic acids may contain a modified pyrimidine such as a modified uracil or
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cytosine. In some embodiments, at least 5%, at least 10%, at least 25%, at teast 50%, at least
80%, at least 90% or 100% of the uracil in the nucleic acid is replaced with a modified uracil
{e.g., a S-substituted uracil). The modified uracil can be replaced by a compound having a
single unique structure, or can be replaced by a plurality of compounds having different
structures {e.g., 2, 3, 4 or more unique structures). In some embodiments, at least 5%, at least
10%, at least 25%, at least 50%, at least 0%, at least 90% or 100% of the cytosine in the
nucleic acid is replaced with a moditied cvtosine {e.g., a S-substituted cytosine}. The
modified cytosine can be replaced by a compound having a single unique structure, or can be
replaced by a plurality of compounds having different structures {(e.g., 2, 3, 4 or more unique
structures).

In some embodiments, polynucleotides function as messenger RNA (mRNA).
“Messenger RNA” (mRNA) refers to any polynucleotide that encodes a (at least one}
polypeptide (a naturally-occurring, non-naturally-occurring, or modified polymer of amino
acids) and can be translated to produce the encoded polypeptide in vifro, in vivo, in sifu or ex
vive. The basic components of an mRNA molecule typically include at least one coding
region, a 5" untranslated region (UTR), a 3' UTR, a §' cap and a poly-A tail. Polynucleotides
may function as mRNA but can be distinguished from wild-type mRNA in their functional
and/or structural design features which serve to overcome existing problems of effective
polypeptide expression using nucleic-acid based therapeutics.

The mRNA, as provided herein, comprises at least one {one or more) ribonucleic acid
{(RNA) polynucleotide having an open reading frame encoding at least one polypeptide of
interest. In some embodiments, a RNA polynucleotide of an mRNA encodes 2-10, 2-9, 2-8,
27, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-, 4-8, 4-7, 4-6, 4-5, 5-10, 5-
9, 5.8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9 or 9-10 polypeptides. In some
embodiments, a RNA polynucleotide of an mRNA encodes at teast 10, 20, 30, 40, 50, 60, 70,
80, 90 or 100 polypeptides. In some embodiments, a RNA polynucleotide of an mRNA
encodes at least 100 or at feast 200 polypeptides.

In some embodiments, the nucleic acids are therapeutic mRNAs. As used herein, the
term “therapeutic mBRNA” refers to an mRNA that encodes a therapeutic protein. Therapeutic
proteins mediate a variety of effects in a host cell or a subject in order to treat a disease or
ameliorate the signs and symptoms of a disease. For example, a therapeutic protein can
replace a protein that is deficient or abnormal, augment the function of an endogenous

protein, provide a novel function to a cell (e.g., inhibit or activate an endogenous cellular
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activity, or act as a delivery agent for another therapeutic compound {e.g., an antibody-drug
conjugate). Therapeutic mRNA may be useful for the treatment of the following exemplary
diseases and conditions: bacterial infections, viral infections, parasitic infections, cell
proliferation disorders, genetic disorders, and autcimmune disorders. In particular, the subject
methods are useful for indications 1o which repeated administration of proteins or
polynuclectides encoding those proteins via a non-IV route results in unwanted immune
responses, e.g., anti-drug antibodies.

Thus, the IV administration or LNPs comprising polvnucleotides encoding therapeutic
proteins of the invention can be used to induce tolerance to subsequent non-1V administration
of the same therapeutic or prophylactic agents. They are provided for use in medicine. For
example, after one or more IV doeses of an LNP comprising a polynucleotide that encodes a
therapeutic protein, that same therapeutic protein or a polynuclectide encoding that protein
can be administered to a subject for a longer period without inducing or inducing a lower
frmune response.

Provided are compositions, methods, kits, and reagents for diagnosis, treatment or
prevention of a disease or condition in humans and other mammals.

An “effective amount” of the compositions are provided based, at least in part, on the
target tissue, target cell type, means of admimistration, physical characteristics of the
polynucleotide (e.g., size, and extent of modified nucleosides) and other components of the
nucleic acids, and other determinants. In general, an effective amount of the nucleic acids
provides an induced or boosted peptide production in the cell.

The mRNA of the present invention may be designed to encode polypeptides of
interest selected from any of several target categories including, but not limited to, biologics,
antibodies, vaccines, therapeutic proteins or peptides, cell penetrating peptides, secreted
proteins, plasma membrane proteins, cytoplasmic or cytoskeletal proteins, intracellular
membrane bound proteins, nuclear proteins, proteins associated with human disease,
targeting moieties or those proteins encoded by the human genome for which no therapeutic
indication has been identified but which nonetheless have utility in areas of research and
discovery.

In certain embodiments, an mRNA included in a nanoparticle composition may
encode a polypeptide that may replace one or more polypeptides that may be substantially
absent in a cell contacted with the nanoparticle composition. The one or more substantially

absent polypeptides may be lacking due to a genetic mutation of the encoding gene or a
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regulatory pathway thereof. Alternatively, a polypeptide produced by translation of the
mRNA may antagonize the activity of an endogenous protein present in, on the surface of, or
secreted from the cell. An antagonistic polypeptide may be desirable to combat deleterious
effects caused by activities of the endogenous protein, such as altered activities or
jocalization caused by mutation. In another alternative, a polypeptide produced by translation
of the mRNA may indirectly or directly antagonize the activity of a biological moiety present
in, on the surface of, or secreted from the cell. Antagonized biological moieties may include,
but are not limited to, lipids (e.g., cholesterol), lipoproteins {e.g, low density lipoprotein),
nucleic acids, carbohydrates, and small molecule toxins. Polypeptides produced by
transiation of the mRNA may be engineered for localization within the cell, such as within a
specific compartment such as the nucleus, or may be engineered for secretion from the cell or
for translocation to the plasma membrane of the cell.

The nanoparticle compositions may be useful for treating a disease, disorder, or
condition characterized by missing or aberrant protein or polypeptide activity. Upon delivery
of an mRINA encoding the missing or aberrant polypeptide to a cell, translation of the mRNA
may produce the polypeptide, thereby reducing or elimunating an issue caused by the absence
of or aberrant activity caused by the polypeptide. Because translation may occur rapidly, the
methods and compositions of the invention may be useful in the treatment of acute diseases,
disorders, or conditions such as sepsis, stroke, and myocardial infarction. An mRNA included
in a nanoparticle composition of the invention may also be capable of altering the rate of
transcription of a given species, thereby affecting gene expression.

Diseases, disorders, and/or conditions characterized by dystunctional or aberrant
protein or polypeptide activity for which a composition of the invention may be administered
include, but are not limited to, cancer and proliferative diseases, genetic diseases {e.g., cystic
fibrosis), autoimmune diseases, diabetes, neurodegenerative diseases, cardio- and reno-
vascular diseases, and metabolic diseases. Multiple diseases, disorders, and/or conditions may
be characterized by missing (or substantially diminished such that proper protein function
does not occur) protein activity. Such proteins may not be present, or they may be essentially
non-functional. A specific example of a dysfunctional protein is the missense mutation
vartants of the cystic fibrosis transmembrane conductance regulator {CFTR) gene, which
produce a dysfunctional protein variant of CFTR protein, which causes cystic fibrosis. The
present disclosure provides a method for treating such diseases, disorders, and/or conditions

in a subject by administering a nanoparticle composition including an mRNA and a lipid
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component, wherein the mRNA encodes a polypeptide that antagonizes or otherwise
overcomes an aberrant protein activity present in the cell of the subject.

The mRNA disclosed herein, may encode one or more biologics. As used herein, a
“biologic” is a polypeptide-based molecule produced by the methods provided herein and
which may be used to treat, cure, nutigate, prevent, or diagnose a serious or life-threatening
disease or medical condition. Biologics, according to the present invention include, but are
not limited to, allergenic extracts (e.g. for allergy shots and tests), blood components, gene
therapy products, human tissue or cellular products used in transplantation, vaccines,
monoclonal antibodies, cytokines, growth factors, enzymes, thrombolytics, and
immunomodulators, among others,

According to the present invention, one or more biologics currently being marketed or
in development may be encoded by the mRNA of the present invention. While not wishing to
be bound by theory, it is believed that incorporation of the encoding polynucleotides of a
known biologic into the mRNA of the invention will result in improved therapeutic efficacy
due at ieast in part to the specificity, purity and/or selectivity of the construct designs.

The nitial administration of an intracellular protein in an LNP may be used to avoid
an immune response against subsequent doses of other types of therapeutics. For instance the
initial admingstration of the intracellular protein may be used to avoid ABC or ADA
responses to subsequent administration of a therapeutic protein or a polynucleotide encoding
a therapeutic protein.

The mRNA disclosed herein, may encode or the therapeutic protein may itself be one
or more antibodies or fragments thereof. The term “antibody” includes monoclonal antibodies
{including full length antibodies which have an immunoglobulin Fe region), antibody
compositions with polyepitopic specificity, multispecific antibodies (e.g., bispecific
antibodies, diabodies, and single-chain molecules), as well as antibody fragments. The term
“immunoglobulin” (Ig} is used interchangeably with "antibody" herein. As used herein, the
term "monoclonal antibody® refers to an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical except for possible naturally occurring mutations and/or post-translation
modifications (e.g., isomerizations, amidations} that may be present in minor amounts.
Monoclonal antibodies are highly specific, being directed against a single antigenic site.

The monoclonal antibodies herein specifically include “chimeric” antibodies

{immunogiobulins) in which a portion of the heavy and/or light chain 1s identical with or
N & &
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homologous to corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s)
is{are) identical with or homologous to corresponding sequences in antibodies derived from
another species or belonging to ancther antibody class or subclass, as well as fragments of
such antibodies, so long as they exhibit the desired biological activity. Chimeric antibodies of
interest herein include, but are not limited to, “primatized” antibodies comprising variable
domain antigen-binding sequences derived from a non-human primate (e.g., Old World
Monkey, Ape etc.} and human constant region sequences.

An “antibody fragment” comprises a portion of an intact antibody, preferably the
antigen binding and/or the variable region of the intact antibody. Examples of antibody
fragments include Fab, Fab', F{ab')2 and Fv fragments; diabodies; linear antibodies;
nanobodies; single-chain antibody molecules and multispecific antibodies formed from
antibody fragrments.

Any of the five classes of immunoglobulins, IgA, Igh, Ik, Ig( and IgM, may be
encoded by the mRNA of the invention, including the heavy chains designated alpha, delta,
epsiton, garmnma and mu, respectively. Also included are polynucleotide sequences encoding
the subclasses, gamma and mu. Hence any of the subclasses of antibodies may be encoded in
part or in whole and include the following subclasses: Tg(G1, 1g(G2, 1gG3, 1gG4, IgAl and
IgA2. According to the present invention, one or more antibodies or fragments currently
being marketed or in development may be encoded by the mRNA of the present invention.

Antibodies encoded in the mRINA of the invention may be utilized to treat conditions
or diseases in many therapeutic areas such as, but not limited to, blood, cardiovascular, CNS,
poisoning (including antivenoms}, dermatology, endocrinology, gastrotntestinal, medical
imaging, musculoskeletal, oncology, immunology, respiratory, sensory and anti-infective.

In one embodiment, mRNA disclosed herein may encode monoclonal antibodies
and/or variants thereof. Variants of antibodies may also include, but are not limited to,
substitutional vanants, conservative amino acid substitution, insertional variants, deletional
variants and/or covalent derivatives. In one embodiment, the mRNA disclosed herein may
encode an immunoglobulin Fe region. In another embodiment, the mRNA may encode a
vartant immunocglobulin Fe region.

The antibody or antibody fragment may be, for instance, bevacizumab (AVASTIN),
trastuzumab (HERCEPTIN), alemtuzumab (CAMPATH, indicated for B cell chronic

lymphocytic leukemia,), gemtuzumab (MYLOTARG, hP67.6, anti-CD33, indicated for
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jeukemia such as acute myeloid leukemia), rituximab (RITUXAN), tositumomab (BEXXAR,
anti-CDZ20, indicated for B cell malignancy), MDX-210 (bispecific antibody that binds
simmultaneously to HER-2/neu oncogene protein product and type I Fe receptors for
immunoglobulin G (IgG) (Fc gamma RI)}, oregovomab (OVAREX, indicated for ovarian
cancer), edrecolomab (PANOREX), daclizamab (ZENAPAX), palivizamab (SYNAGIS,
indicated for respiratory conditions such as RSV infection), ibritumomab tiuxetan
(ZEVALIN, indicated for Non-Hodgkin’s lymphoma), cetuximab (ERBITUX), MDX-447,
MIDX-22, MDX-220 (anti-TAG-72), IOR-C5, IOR-T6 (anti-CD1), IOR EGEF/R3, celogovab
(ONCOSCINT OV 103), epratuzumab (LYMPHOCIDE), pemtumomab (THERAGYN), or
Gliomab-H (indicated for brain cancer, melanoma).

The mRNA disclosed herein, may encode one or more vaccine antigens. Vaccine
antigens encoded in the mRNA of the tnvention may be utilized to treat conditions or
diseases in many therapeutic areas such as, but not imited to allergy and autoimmmune
disease.

The mRNA of the present invention may be designed to encode on or more
antimicrobial peptides (AMP) or antiviral peptides (AVP). AMPs and AVPs have been
isolated and described from a wide range of animals such as, but not limited to,
microorganisms, invertebrates, plants, amphibians, birds, fish, and mammals. The anti-
microbial polypeptides described herein may block cell fusion and/or viral entry by one or
more enveloped viruses (e g, HIV, HCV). For example, the anti-microbial polypeptide can
comprise or consist of a synthetic peptide corresponding to a region, e.g., a consecutive

sequence of at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60 amino acids of the

transmembrane subunit of a viral envelope protein, e.g., HIV-1 gp120 or gp41. The amino

acid and nucleotide sequences of HIV-1 gp120 or gp41 are described in, e g, Kuiken et al |
{2008}, "HIV Sequence Compendium,” Los Alamos National Laboratory.

In some embodiments, the anti-microbial polypeptide may have at least about 75%,
80%, 85%, 90%, 95%, 100% sequence homology to the corresponding viral protein
sequence. In some embodiments, the anti-microbial polypeptide may have at least about 75%,
80%, 85%, 90%, 95%, or 100% sequence homology to the corresponding viral protein
sequence.

In other embodiments, the anti-microbial polypeptide may comprise or consist of a
synthetic peptide corresponding to a region, e.g., a consecutive sequence of at least about 5,

10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60 amino acids of the binding domain of a capsid
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binding protein. In some embodiments, the anti-microbial polypeptide may have at least
about 75%, 80%, 85%, 90%, 95%, or 100% sequence homology to the corresponding
sequence of the capsid binding protein.

The anti-microbial polypeptides described herein may block protease dimerization
and inhibit cleavage of viral proproteins (e.g., HIV Gag-pol processing) into functional
proteins thereby preventing release of one or more enveloped viruses {e.g.,, HIV, HCV) In
some embodiments, the anti-microbial polypeptide may have at least about 75%, 80%, 85%,
90%, 95%, 100% sequence homology to the corresponding viral protein sequence.

In other embodiments, the anti-microbial polypeptide can comprise or consist of a
synthetic peptide corresponding to a region, e.g., a consecutive sequence of at least about 5,
10, 15,20, 25, 30, 35, 40, 45, 50, 55, or 60 amino acids of the binding domain of a protease
binding protein. In some embodiments, the anti-microbial polypeptide may have at least
about 75%, 80%, 85%, 90%, 95%, 100% sequence homology to the corresponding sequence
of the protease binding protein.

A non-limiting list of infectious diseases that the mRNA anti-microbial peptides may
treat is presented below: human immunodeficiency virus (HIV), HIV resulting in
mycobacterial infection, AIDS related Cacheixa, AIDS related Cytomegalovirus infection,
HiV-associated nephropathy, Lipodystrophy, AID related cryptococcal meningitis, AIDS
related neutropaenia, Pneumocysitis jirovect (Pneumocystis carinii) infections, AID related
toxoplasmosts, hepatitis A, B, C, D or E, herpes, herpes zoster {chicken pox), German
measles (rubella virus), vellow fever, dengue fever etc. (flavi viruses), flu (influenza viruses},
haemorrhagic infectious diseases (Marburg or Ebola viruses), bacterial infectious diseases
such as Legionnaires' disease (Legionella), gastric ulcer (Helicobacter), cholera (Vibrio), E.
coli infections, staphylococcal infections, salmonella infections or streptococcal infections,
tetanus (Clostridium tetani), protozoan infectious diseases {(malaria, sleeping sickness,
leishmaniasis, toxoplasmosis, i.e. infections caused by plasmodium, trypanosomes,
leishmania and toxoplasma), diphtheria, leprosy, measles, pertussis, rabies, tetanus,
tuberculosis, typhoid, varicella, diarrheal infections such as Amoebiasis, Clostridium
difficile-associated diarthea (CDAD), Crypiosporidiosis, Giardiasis, Cyclosporiasis and
Rotaviral gastroenteritis, encephalitis such as Japanese encephalitis, Wester equine
encephalitis and Tick-borne encephalitis (TBE), fungal skin diseases such as candidiasis,
onychomycosis, Tinea captis/scal ringworm, Tinea corporis/body ringworm, Tinea

cruris/jock itch, sporotrichosis and Tinea pedis/Athlete’s foot, Meningitis such as
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Haemophilus influenza type b (Hib), Meningitis, viral, meningococcal infections and
pneumococcal infection, neglected tropical diseases such as Argentine haemorrhagic fever,
Leishmaniasis, Nematode/roundworm infections, Ross river virus infection and West Nile
virus {WNV} disease, Non-HIV STDs such as Trichomoniasis, Human papillomavirus (HPV)
infections, sexually transmitted chiamydial diseases, Chancroid and Syphulis, Non-septic
bacterial infections such as cellulitis, lyme disease, MRS A infection, pseudomonas,
staphylococeal infections, Boutonneuse fever, Leptospirosis, Rheumatic fever, Botulism,
Rickettsial disease and Mastoiditis, parasitic infections such as Cysticercosis,
Echinococcosis, Trematode/Fluke infections, Trichineliosis, Babesiosis, Hypodermyiasis,
Diphyliobothriasts and Trypanosomiasis, respiratory infections such as adenovirus infection,
aspergitlosis infections, avian (HSN1) influenza, influenza, RSV infections, severe acute
respiratory syndrome (SARK), sinusitis, Legionellosis, Coccidioidomycosis and swine
(HIN1) influenza, sepsis such as bacteraemia, sepsis/septic shock, sepsis in premature
infants, urinary tract infection such as vaginal infections (bacterial}, vaginal infections
{fungal) and gonococcal infection, viral skin diseases such as B19 parvovirus infections,
warts, genital herpes, orofacial herpes, shingles, inner ear intections, fetal cytomegalovirus
syndrome, foodborn illnesses such as brucellosis (Brucella species}, Clostridium perfringens
(Epsilon toxin), E. Coli O157:H7 (Escherichia coli), Salmoneliosis (Salmonella species),
Shingellosis (Shingella), Vibriosis and Listeriosis, bicterrorisim and potential epidemic
diseases such as Ebola haemorrhagic fever, Lassa fever, Marburg haemorrhagic fever,
plague, Anthrax Nipah virus disease, Hanta virus, Smallpox, Glanders (Burkholderia mallei),
Melioidosis (Burkholderia pseudomallei), Psittacosis (Chlamydia psittact), Q fever (Coxiella
burnetii}), Tularemia (Fancisella tularensis), rubella, mumps and polio.

The mRNA disclosed herein, may encode one or more validated or "in testing”
therapeutic proteins or peptides. According to the present invention, one or more therapeutic
proteins or peptides currently being marketed or in development may be encoded by the
mRNA of the present invention. Therapeutic proteins and peptides encoded in the mRNA of
the invention may be utilized to treat conditions or diseases in many therapeutic areas such
as, but not himited to, blood, cardiovascular, CNS, potsoning (including antivenoms),
dermatology, endocrinclogy, genetic, genitourinary, gastrointestinal, musculoskeletal,
oncology, and immunology, respiratory, sensory and anti-infective.

The mRNA discliosed herein, may encode one or more cell-penetrating polypeptides.

As used herein, “cell-penetrating polypeptide” or CPP refers to a polypeptide which may
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facilitate the cellular uptake of molecules. A cell-penetrating polypeptide of the present
invention may contain one or more detectable labels. The polypeptides may be partially
iabeled or completely labeled throughout. The mRNA may encode the detectable label
completely, partially or not at all. The cell-penetrating peptide may also include a signal
sequence. As used herein, a “signal sequence” refers to a sequence of amino acid residues
bound at the amino terminus of a nascent protein during protein translation. The signal
sequence may be used to signal the secretion of the cell-penetrating polypeptide.

In one embodiment, the mRINA may also encode a fusion protein. The fusion protein
may be created by operably linking a charged protein to a therapeutic protein. As used herein,
“operably linked” refers to the therapeutic protein and the charged protein being connected in
such a way to pernut the expression of the complex when introduced into the cell. As used
herein, “charged protein” refers to a protein that carries a positive, negative or overall neutral
electrical charge. Preferably, the therapeutic protein may be covalently linked to the charged
protein in the formation of the fusion protein. The ratio of surtace charge to total or surface
amino acids may be approximately 0.1, 02,03,04,05 06,07, 080r 0.9,

The cell-penetrating polypeptide encoded by the mRNA may form a complex after
being translated. The complex may comprise a charged protein linked, e.g. covalently linked,
to the cell-penetrating polypeptide.

In one embodiment, the cell-penetrating polypeptide may comprise a first domain and
a second domain. The first domain may comprise a supercharged polypeptide. The second
domain may comprise a protein-binding partner. As used herein, “protein-binding partner”
includes, but is not limited to, antibodies and functional fragments thereof, scaffold proteins,
or peptides. The cell-penetrating polypeptide may further comprise an intracetiular binding
partner for the protein-binding partner. The cell-penetrating polypeptide may be capable of
betng secreted from a cell where the mRNA may be introduced. The cell-penetrating
polypeptide may also be capable of penetrating the first cell.

In one embodiment, the mRNA may encode a cell-penetrating polypeptide which may
comprise a protein-binding partner. The protein binding partner may include, but is not
fimuted to, an antibody, a supercharged antibody or a functional fragment. The oRNA may
be introduced into the cell where a cell-penetrating polypeptide comprising the protein-
binding partner is introduced.

Some embodiments of the present disclosure provide a therapeutic mRNA that

includes at least one ribonucleic acid (RNA) polynucleotide having an open reading frame
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encoding at least one polypeptide, in which the RNA polynucleotide of the RNA includes at
feast one chemical modification. In some embodiments, the chemical modification is
selected from pseudouridine, N1-methylpseudouridine, Nl-ethylpseudouridine, 2-
thicuridine, 4’ -thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-
I-methyl-pseudouridine, 2-thio-5-aza-uridine , 2-thio-dihydropseudouridine, 2-thio-
dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-
pseudouridine, 4-thio-1-methyl-psendouridine, 4-thio-pseudouridine, S-aza-unidine,
dihydropseudouridine, S-methyluridine,}, S-methoxvuridine, and 2°-O-methy! uridine. Each
possibility represents a separate embodiment of the present invention.

Any of the foregoing polynucleotides of the present disclosure, in some embodiments,
are codon optimized. Codon optimization methods are known in the art and may be used as
provided herein. Codon optimization, in some embodiments, may be used to match codon
frequencies in target and host organisims to ensure proper folding; bias GC content to increase
mRNA stability or reduce secondary structures;, minimize tandem repeat codons or base runs
that may impair gene construction or expression; customize transcriptional and translational
control regions; insert or remove protein trafficking sequences; remove/add post translation
modification sites in encoded protein {e.g. glycosylation sites); add, remove or shuffle protein
domains; insert or delete restriction sites; modify ribosome binding sites and mRNA
degradation sites; adjust transtational rates to allow the various domains of the protein to fold
properly; or to reduce or eliminate problem secondary structures within the polynucleotide.
Codon optimization tools, algorithms and services are known 1n the art — non-limiting
examples include services from GeneArt (Life Technologies), DNAZ2 0 (Menlo Park CA)
and/or proprietary methods. In some embodiments, the open reading frame (ORF) sequence
is optimized using optimization algorithms.

In some embodiments, a codon optimized sequence shares less than 95% sequence
identity to a naturally-occurring or wild-type sequence {(e.g., a naturally-occurring or wild-
type mRNA sequence encoding a polypeptide or protein of interest (e.g., a protein or
polypeptide}). In some embodiments, a codon optimized sequence shares less than 90%
sequence identity to a naturally-occurning or wild-type sequence {(e.g., a naturally-occurring
or wild-type mRINA sequence encoding a polypeptide or protein of interest {e.g., protein or
polypeptide)). In some embodiments, a codon optimized sequence shares less than 85%
sequence tdentity to a naturally-occurring or wild-type sequence {e.g., a naturally-occurring

or wild-type mRNA sequence encoding a polypeptide or protein of interest {e.g., protein or
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polypeptide)}. In some embodiments, a codon optimized sequence shares less than 80%
sequence identity to a naturally-occurring or wild-type sequence {(e.g., a naturally-occurring
or wild-type mRNA sequence encoding a polypeptide or protein of interest {e.g., protein or
polypeptide}). In some embodiments, a codon optimized sequence shares less than 75%
sequence dentity to a naturally-occurring or wild-type sequence {e.g., a naturally-occurring
or wild-type mRNA sequence encoding a polypeptide or protein of interest {e.g., protein or
polypeptide)).

In some embodiments, a codon optimized sequence shares between 65% and 85%
{e.g., between about 67% and about 85% or between about 67% and about 80%) sequence
identity to a naturally-occurring or wild-type sequence {e.g., a naturally-occurring or wild-
type mRNA sequence encoding a polypeptide or protein of interest {e.g., protein or
polypeptide)). ln some embodiments, a codon optimized sequence shares between 65% and
75 or about 80% sequence identity to a naturally-occurring or wild-type sequence {e.g., a
naturally-oceurring or wild-type mRNA sequence encoding a polypeptide or protein of
interest {e.g., protein or polypeptide}).

In some embodiments a codon optimized RNA may, for instance, be one in which the
levels of G/C are enhanced. The G/C-content of nucleic acid molecules may influence the
stability of the RNA. RNA having an increased amount of guanine (G) and/or cytosine (C)
residues may be functionally more stable than nucleic acids containing a large amount of
adenine {A) and thymine (T) or uracil (U} nucleotides. WO2002/098443 discloses a
pharmaceutical composition containing an mRNA stabilized by sequence modifications in the
translated region. Due to the degeneracy of the genetic code, the modifications work by
substituting existing codons for those that promote greater RNA stability without changing
the resulting amino acid. The approach is limited to coding regions of the RNA.

As used herein, when referting to polypeptides the terms “site” as it pertains to amino
acid based embodiments is used synonymously with “amino acid residue” and “amino acid
side chain” As used herein when referring to polynuclectides the terms “site” as it pertains to
nucleotide based embodiments is used synonymously with “nuclectide.” A site represents a
position within a peptide or polypeptide or polynucleotide that may be modified,
manipulated, altered, derivatized or varied within the polypeptide or polynucleotide based
molecules.

As used herein the terms “termint” or “terminus” when referring to polypeptides or

polynucleotides refers to an extremity of a polypeptide or polynucleotide respectively. Such
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extremity is not limited only to the first or final site of the polypeptide or polynuclectide but
may include additional amino acids or nucleotides in the terminal regions. Polypeptide-based
molecules may be characterized as having both an N-terminus (terminated by an amivo acid
with a free amino group (NH2}) and a C-terminus (terminated by an amino acid with a free
carboxyl group (COOH)). Proteins are in some cases made up of multiple polypeptide chains
brought together by disulfide bonds or by non-covalent forces (multimers, oligomers). These
proteins have multiple N- and C~termini.  Alternatively, the termini of the polypeptides may
be modified such that they begin or end, as the case may be, with a non-polypeptide based
motety such as an organic conjugate.

As recognized by those skilled in the art, protein fragments, functional protein
domains, and homologous proteins are also considered to be within the scope of polypeptides
of interest. For example, provided herein is any protein fragment (imeaning a polypeptide
sequence at least one amino acid residue shorter than a reference polypeptide sequence but
otherwise identical} of a reference protein 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or greater
than 100 amino acids in length. In ancther example, any protein that includes a stretch of 20,
30, 40, 50, or 100 amino acids which are 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%
identical to any of the sequences described herein can be utilized in accordance with the
disclosure. In some embodiments, a polypeptide includes 2, 3, 4, 5, 6, 7, 8,9, 10, or more
mutations as shown in any of the sequences provided or referenced herein. In anocther
example, any protein that includes a stretch of 20, 30, 40, 50, or 100 amino acids that are
greater than 80%, 90%, 95%, or 100% i1dentical to any of the sequences described herein,
wherein the protein has a stretch of 5, 10, 15, 20, 25, or 30 amino acids that are less than
80%, 75%, 70%, 65% or 60% identical to any of the sequences described herein can be
utilized in accordance with the disclosure.

Polypeptide or polynucleotide molecules of the present disclosure may share a certain
degree of sequence similarity or identity with the reference molecules {e.g., reference
polypeptides or reference polynucleotides), for example, with art-described molecules (e.g.,
engineered or designed molecules or wild-type molecules). The term “identity” as known in
the art, refers to a relationship between the sequences of two or more polypeptides or
polynuclectides, as determined by comparing the sequences. In the art, identity also means
the degree of sequence relatedness between them as determined by the number of matches
between strings of two or more amino acid residues or nucleic acid residues. Identity

measures the percent of identical matches between the smaller of two or more sequences with
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gap alignments (it any) addressed by a particular mathematical model or computer program
{e.g., “algorithms”). Identity of related peptides can be readily calculated by known methods.
“% identity” as it applies to polypeptide or polynucleoctide sequences is defined as the
percentage of residues (amino acid residues or nucleic acid residues) in the candidate amino
acid or nucleic acid sequence that are identical with the residues in the amino acid sequence
or nucleic acid sequence of a second sequence after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent identity. Methods and computer
programs for the alignment are well known in the art. It is understood that identity depends
on a calculation of percent identity but may differ in value due to gaps and penalties
introduced in the calculation. Generally, variants of a particular polynuclectide or
polypeptide have at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% but less than 100% sequence tdentity fo
that particular reference polynucleotide or polypeptide as determined by sequence alignment
programs and parameters described herein and known to those skilled in the art. Such tools
for alignment include those of the BLAST suite (Stephen F. Altschul, et al (1997), "Gapped
BLAST and PSI-BLAST: a new generation of protein database search programs”, Nucleic
Acids Res. 25:3389-3402}). Another popular local alignment technique is based on the Smith-
Waterman algorithm (Smuth, TF. & Waterman, M.S. (1981) “Identification of common
molecular subsequences.” J. Mol Biol 147:195-197). A general global alignment technique
based on dynamic programming is the Needleman—Wunsch algorithimm (Needleman, SB. &
Wunsch, C.D. (1970) “A general method applicable to the search for similarities in the amino
acid sequences of two proteins.” J. Mol. Biol. 48:443-453 ) More recently a Fast Optimal
Global Sequence Alignment Algorithm (FOGSAA) has been developed that purportedly
produces global alignment of nucleotide and protein sequences faster than other optimal
global alignment methods, including the Needleman—Wunsch algorithm. Other tools are
described herein, specifically in the definition of “identity” below.

As used herein, the term “homology” refers to the overall relatedness between
polymeric molecules, e.g. between nucleic acid molecules (e.g. DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. Polymeric molecules (e.g. nucleic acid
molecules {e.g. DNA molecules and/or RNA molecules) and/or polypeptide molecules) that
share a threshold level of similarity or identity determined by alignment of matching residues
are termed homologous. Homology is a qualitative term that describes a relationship between

molecules and can be based upon the quantitative sinularity or identity. Similarity or identity
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is a quantitative term that defines the degree of sequence match between two compared
sequences. In some embodiments, polymeric molecules are considered to be “homologous”
to one another it their sequences are at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% identical or similar. The term
“homologous™ necessarily refers to a comparison between at least two sequences
{polynuclieotide or polypeptide sequences). Two polynuclestide sequences are considered
homologous if the polypeptides they encode are at least 50%, 60%, 70%, 80%, 90%, 95%, or
even 99% for at least one stretch of at least 20 amino acids. In some embodiments,
homologous polynucleotide sequences are characterized by the ability to encode a stretch of
at least 45 uniquely specified amino acids. For polynucleotide sequences less than 60
nucleotides in length, homology is determined by the ability to encode a stretch of at least 4—
S uniquely specified amino actds. Two protein sequences are considered homologous if the
proteins are at least 50%, 60%, 70%, 80%, or 90% identical for at least one stretch of at least
20 amino acids.

Homology implies that the compared sequences diverged in evolution from a
common origin. The term “homelog” refers to a first amino acid sequence or nucleic acid
sequence {e.g., gene (BDNA or RNA) or protein sequence) that is related to a second aming
acid sequence or nucleic acid sequence by descent from a common ancestral sequence. The
term “homolog” may apply to the relationship between genes and/or proteins separated by the
event of speciation or to the relationship between genes and/or proteins separated by the
event of genetic duplication. “Orthologs™ are genes (or proteins) in different species that
evolved from a common ancestral gene {or protein) by speciation. Typically, orthologs retain
the same function in the course of evolution. “Paralogs” are genes (or proteins) related by
duplication within a genome. Orthologs retain the same function in the course of evolution,
whereas paralogs evolve new functions, even if these are related to the original one.

The term “identity” refers to the overall relatedness between polymeric molecules, for
example, between polynuclectide molecules {e.g. DNA molecules and/or RNA molecules)
and/or between polypeptide molecules. Calculation of the percent identity of two polynucleic
acid sequences, for example, can be performed by aligning the two sequences for optimal
comparison purposes {e.2., gaps can be introduced in one or both of a first and a second
nucleic acid sequences for optimal alignment and non-identical sequences can be disregarded
for comparison purposes). In certain embodiments, the length of a sequence aligned for

comparison purposes is at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
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feast 80%, at least 0%, at least 95%, or 100% of the length of the reference sequence. The
nucleotides at corresponding nuclectide positions are then compared. When a position in the
first sequence 18 occupied by the same nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent identity between the
two sequences 18 a function of the number of 1dentical positions shared by the sequences,
taking into account the number of gaps, and the length of each gap, which needs to be
introduced for optimal alignment of the two sequences. The comparison of sequences and
determination of percent identity between two sequences can be accomplished using a
mathematical algorithm. For example, the percent identity between two nucleic acid
sequences can be determined using methods such as those described in Computational
Molecular Biology, Lesk, A. M., ed., Oxtord University Press, New York, 198§;
Biocomputing: Informatics and Genome Projects, Smith, D. W, ed., Academic Press, New
York, 1993; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987,
Computer Analysis of Sequence Data, Part [, Griffin, A M, and Griffin, H. G, eds., Humana
Press, New Jersey, 1994; and Sequence Analysis Primer, Gribskov, M. and Devereux, [,
eds., M Stockton Press, New York, 1991, each of which 1s incorporated herein by reference.
For example, the percent identity between two nucleic acid sequences can be determined
using the algorithm of Meyers and Miller (CABIOS, 1989, 4:11-17), which has been
incorporated into the ALIGN program (version 2.0) using a PAM120 weight residue table, a
gap length penalty of 12 and a gap penalty of 4. The percent identity between two nucleic
acid sequences can, alternatively, be determined using the GAP program in the GCG
software package using an NWSgapdna CMP matrix. Methods commonly employed to
determine percent tdentity between sequences include, but are not limited to those disclosed
in Carillo, H., and Lipman, D, STAM J Applied Math., 48:1073 {1988); incorporated herein
by reference. Techniques for determining identity are codified in publicly available computer
programs. Exemplary computer software to determine homology between two sequences
include, but are not himited to, GCG program package, Devereux, 1., ef al., Nucleic Acids
Research, 12(1), 387 (1984}, BLASTP, BLASTN, and FASTA Altschul, S. F. erad. | J
Molec. Biol., 215, 403 (1990})).

An immunocinhibitory agent is an agent that inhibits an immune response in a subject
to whom it 1s administered, whether alone or in combination with another agent. Examples

include steroids, retinoic acid, dexamethasone, cyclophosphamide, anti-CD3 antibody or
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antibody fragment, and other immunosuppressants. Such agents may be used in combination
with the methods of the imvention.

When it 15 desirable to induce tolerance against an antigen, such a self-antigen or an
allergen, such antigens may be delivered according to the methods described herein. The
antigen may be peptide, lipid, or carbohydrate in nature, but it is pot so limited.

In the circumstance when it is desirable to administer more than one dose of vaccine
antigen to a subject encoded within a polynucleotide and formulated in an NP within a short
period of time {i.e., less than 2 to 3 weeks between doses), the methods of the invention may
be used to avoid any unwanted or detrimental immune responses and/or ADA. For instance, a
LNP-polynucleotide encoding an antigen may be administered a first intravenous dose and
subsequently administered as a second SC dose within a 2 to 3 week time period.

A diagnostic agent, which may be referred to herein as an imaging agent, is an agent
that emnits a signal directly or indirectly thereby allowing its detection i vive. Diagnostic
agents include, but are not limited to, contrast agents and radioactive agents that can be
detected using medical imaging techniques such as nuclear medicine scans and magnetic
resonance imaging (MRI). Imaging agents for magnetic resonance imaging (MRI) include
GA(DOTA), iron oxide or gold nanoparticles; imaging agents for nuclear medicine include
71, gamma-emitting radionuclide 99 mTe; imaging agents for positron-emission
tomography (PET) include positron-emitting isotopes, {18 F-fluorodeoxyglucose ((18)FDG),
(18)F-fluoride, copper-64, gadoamide, and radicisotopes of Ph(ll) such as 203 Pb, and 111in;
imaging agents for in vivo fluorescence imaging such as fluorescent dyes or dye-conjugated
nanoparticles. In other embodiments, the agent to be delivered is conjugated, or fused to, or
mixed or combined with a diagnostic agent.

The compounds and compositions may be administered to virtually any subject type
that is likely to benefit from delivery of agents as conternplated herein. Human subjects are
preferred subjects in some embodiments of the invention. Subjects also include animals such
as houschold pets {e.g., dogs, cats, rabbits, ferrets, etc ), livestock or farm anirvals {e.g., cows,
pigs, sheep, chickens and other poultry}, horses such as thoroughbred horses, laboratory
animals {(e.g., mice, rats, rabbits, etc.), and the ke Subjects also include fish and other
aquatic species.

The subjects to whom the agents are delivered may be normal subjects. Alternatively
they may have or may be at risk of developing a condition that can be diagnosed or that can

benefit from localized delivery of one or more particular agents. Such conditions include
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cancer {(e.g., solid tumor cancers), infections (particularly infections localized to particular
regions of tissues in the body), autoimmune disorders, allergies or allergic conditions,
asthma, transplant rejection, and the like. To some embodiments, the subjects have been
diagnosed with a genetic defect and are being administered a nucleic acid based therapeutic.

Agents may be administered systemically or locally. Agents may be administered in
effective amounts. An effective amount is a dosage of the agent sufficient to provide a
medically desirable result. The etffective amount will vary with the particular condition being
treated, the age and physical condition of the subject being treated, the severity of the
condition, the duration of the treatment, the nature of the concurrent or combination therapy
{if any}, the specitic route of admiunistration and like factors within the knowledge and
expertise of the health practitioner. It is preferred generally that a maximum dose be used,
that is, the highest safe dose according to sound medical judgment.

The invention provides pharmaceutical compositions. Pharmaceutical compositions
are sterile compostiions that comprise agents and may comprise delivery vehicles,
nanoparticles and the like, preferably in a pharmaceutically-acceptable carrier. The term
“pharmaceutically-acceptable carrier” means one or more compatible solid or liquid filler,
diluents or encapsulating substances which are suitable for administration to a human or other
subject contemplated by the invention. The term “carrier” denotes an organic or 1norganic
ingredient, natural or synthetic, with which the cells, nanoparticles and agent(s} are combined
to facilitate administration. The components of the pharmaceutical compositions are
commingled in a manner that precludes interaction that would substantially impair their
desired pharmaceutical efficiency.

The compositions of the invention are delivered by 1ntravenous administration to
induce tolerance, and subsequently by non-IV route(s), e g, subcutaneous, intramuscular,
and/or intradermal administration. In another embodiment, e.g., where the LNP used
effectively reduces immune responses, a therapeutic regimen involves subcutanecus
administration. The compounds and compositions, when it is desirable to deliver them
systemically, may be formulated for parenteral administration by injection, ¢.g., by bolus
injection or continuous infusion. Formulations for injection may be presented in unit dosage
form, e.¢., in ampoules or in multi-dose containers. Pharmaceutical parenteral formmulations
include aqueous solutions of the ingredients. Agueous injection suspensions may contain
substances which increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, sorbitol, or dextran. Alternatively, suspensions of ingredients may be prepared as
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oil-based suspensions such as are known in the art or that will be readily apparent to those of
ordinary skill in the art based on this disclosure.

This disclosure further contemplates use of LNPs together with one or more
secondary agents, including agents that would normally be indicated for the subject.

In some instances, the LNPs may be administered substantially simultaneously with
the secondary agents. By substantially simultaneously, it is meant that a LNP 1s administered
to a subject close in time with the administration of the secondary agent, including for
example with 1 hour, within 30 minutes, within 10 minutes, or within 5 minutes.

In some instances, the secondary agent(s) may be administered prior to the LNP. For
exampie, the secondary agent{(s) may be administered prior to and within 24 hours, or within
18 hours, or within 12 hours, or within 6 hours, or within 3 hours, or within 2 hours of the
LNP administration. The secondary agent{s) may be administered 18-24 hours prior to LNP
administration, or 12-18 hours prior to LNP administration, or 6-12 hours prior to LNP
administration, or 2-6 hours prior to LNP administration.

Subjects who have been administered one or more secondary agents 2 or more hours
prior to LNP administration roay be referred to as having been pre-medicated with such
agent(s}. Subjects who have been administered one or more secondary agents within 1 hour
prior to LNP administration may be referred to as having been co-mediated with such
agent(s).

In some instances, the secondary agent(s) may be administered continuously to the
subject, on an as needed basis or on a regular schedule (e g, every day, every two days, etc.).
In other instances, the secondary agent may be administered before or after the

administration of the LNP.

Such secondary agents may include but are not limited to anti-histamines, anti-platelet
agents, and non-steroidal anti-inflaromatory drugs. In certain embeodiments, the LNPs are not
formulated with and subjects are not pre- or co-medicated with a corticosteroid, such as but
not limited to dexamethasone.

In certain embodiments, single secondary agents having anti-inflammatory and anti-
platelet etfects are used. An example of such an agent is aspirin.

In certain embodiments, a combination of aspirin, clopidrogrel (Plavix®}, and an anti-
histamine such as but not limited to diphenhydramine (Benadryl), fexofenadine (Allegra),
foratadine (Claritin}, or cetirizine ts used. One or more of the secondary agents may be

administered once per LNP administration while others may be administered more
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frequently. For example, clopidrogrel (Plavix®} may be administered once per LNP
administration while aspirin and/or the anti-histamine may be administered daily.

Anti-histamines include HI receptor antagonists and H1 receptor inverse agonists.

Examples of H1 receptor antagonists include but are not limited to acrivastine,
alimemazine, alimemazine tarirate, antazoline, astemizole, azatadine, azatadine maleate,
azelastine, bamipine, benzquinamide, bepotastine, bepotastine besilate, bilastine bromazine,
bromopheniramine, buclizine, carbinoxarmine, chlorphenoxamine, chlorcyclizine,
cinnopentazone histapyrrodine, chlorodipheynhydramine, chioropyramine, chlorophenamine,
Chlorpromazine, cinnarizine, clemastine, clemizole, clocinizine, cyclizine, cyproheptadine,
desloratadine, deptropine, dexchlorpheniramine, dexbrompheniraine, dimenhydrinate,
dimetindene, dimetotiazine, diphenhydramine (Benadryl), piphenylpyraline, doxepin,
doxylamine, ebastine, efletirizine, embramine, emedastine, epinastine, fexofenadine
{Allegra), flunarizine, homochlorcyclizine, hydroxyzine, isothipendyl, ketotifen,
fevocabastine (2nd genereation), loratadine (Claritin}, mebhydroline, meclozine,
mepyramine, mequitazine, methdilazine, mirtazapine, mizolastine, niaprazine, clopatadine,
orphenadrine, oxatomide, oxomemazine, pemirolast, phenindarmine, pheniramine,
phenyltoloxamine, pimethixene, piprinhydrinate, promethazine, propiomazine,
pyrrobutamine, quetiapine, quifenadine, rupatadine, setastine, terfenadine, thenyldiamine,
thiethylperazine, thonzylamine, tolpropamine, trimethobenzamine, tripelennamine,
triprolidine and tritoqualine.

Examples of H1 receptor tnverse agonists include but are not limited to pyrilamine,
cetirizine, levocetirizine, and desloratadine.

Auti-platelet agents include but are not limited to activation inhibitors, aggregation
inhibitors, adhesion antagonists, anti-coagulation drugs (that do not target platelets directly),
and agents that reduce platelet count or numbers.

Examples of activation inhibitors include but are not limited to (1) thrombin receptor
PAR-1 inhibitors such as SCH 530348 (vorapaxar), E-5555 (atopaxar), SCH79797, FR
171113, RWJ 56110, BMS-200661, RWI-58259, SCH205831, Pipal-7 pepducin, Plipal-12
pepducin; (2) thrombin receptor PAR-4 inhibitors such as ML 354, t¢Y-NH2, P4pal-10
pepducin, P4pal-il pepducin; (3) FSLLRY-NH2 (PAR-2 peptide antagonist), (4} TxA2
receptor antagonists such as AH 23 848, SQ 29,548, or R 68,070, §-1452, iosartan,
seratrodast; {5} thromboxane receptor antagonists such as terutroban; (6) ADP P2Y12

receptor inhibitors such as ticlopidine, clopidogrel, prasugrel, ticagrelor, cangrelor, elinogrel,



10

20

30

WO 2018/187590 PCT/US2018/026286
135

AZDG140, AR-C69931, CoA; (7y ADP P2ZY1 receptor tnhibitors such as AZPSP, A3PSP,
MRS2179, MRS2279, MRS2500, palmitoyl-CoA (also acts on P2Y12), and other compounds
from SAR study by Thalji et al. 2010, (8) S-HT2A antagonists such as R-1012444,
naftidrofuryl, sarpogrelate, AT-1015; (9} thromboxane syntahase inhibitors such as
dazoxiben, CS-518 (TXAZ synthase inhibitor), SB 203580, U63557A, imidazo (1,5-2)
pyridine-5-hexanocic acid; (10} COX-1 inhibitors such as aspirin, NCX-4016, ridogrel,
S18886, picotamide, ramatroban (also TXAZ2 receptor antagonist), SC-560, FR122047,
mofezolac, Po, TEFAP, ibuprofen and naproxen {also Cox-2 inhibitors); (11} COX-2 inhibitors
such as triflusal {(also COX-1 and PDE inhibitor), Etoricoxib, rofecoxib, celecoxib,
meloxicam; and (12) PI3K inhibitors such as AZD6482.

Examples of aggregation inhibitors include but are not limited to (1) GPla/lla
Inhibitors such as EMS16; (2) GPVI inhibitors such as monoclonal anttbodies and Fab
fragments of mAb 12A5; (3) GPIb/I1a inhibitors such as abciximab, eptifibatide, tirofiban;
{4} PDE inhibitors such as dipyridamole (also adenosine reuptake inhibitor), cilostazol (PDE3
inhibitor that resulis in increased cAMP, and activated PKA), and (5) ADP receptor
antagonists. Other platelet aggregation inhibitors 1nclude aspirin, clopidrogrel (Plavix®),
aspirin/pravastatin, ctlostazol, prasugrel, aspirin/dipyridamole, ticagrelor, cangrelor,
elinogrel, dipyridamole, and ticlopidine.

Examples of adhesion antagonists (to fibrinogen) include but are not limited to
ClgTNF-related protein-1, DZ-697b, RG12986.

Examples of non-platelet anti-coagulation agents include but are not limited to
warfarin; Xa inhibitors such as rivaroxaban, apixaban, edoxaban, betrixaban, darexaban,
otamixaban; thrombin inhibitors such as bivalirudin, hiradin, dabigatran, lepirudin, desirudin,
argatroban, melagatran, dabigatran, CDSQO3, FDSO3, SDSO3, and additional sulphated
benzoturans allorsteric inhibitors reported by Sidhu et al. paper.

Examples of agents that reduce platelet count or number include but are not limited to
(1) cAMP phosphodiesterase inhibitors (e.g., anagrelide), 6,7-dichloro-1,5-dihydroimidazo-
[2,1-bljquinazolin-2(3H}-one or 6,7-dichioro-1,2,3, 5-tetrahydroimidazo[2, 1-blquinazolin-2-
one (U.S. Patents 3,932,407, 4,146,718, RE31,617, Haematologica 1992 77:40-3), (2)
antibodies to cell surface receptors specifically expressed by platelets or megakaryocytes
such as glycoprotein Ub/THa receptor antibodies, (3) most chemotherapeutic anti-cancer
drugs such as busulphan (Br. J. Haematol. 1986 62:229-37)}, hydroxyurea (N Engl J Med
1995 332:1132-6), hepsulfan, phosphorus-32 (Br I Radiol 1997 70:1169-73), pipobroman
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{Scand J. Haematol 1986 37:306-9), cyclophosphamide (J Cell Physiol 1982 112:222-8),
certain alkylating agents and certain antimetabolites, (4) cytokines, growth factors and
interleukins such as alpha-interferon (Cancer Immunol Immunother 1987 25:266-73),
gamma-interferon, transforming growth factor-beta, neutrophil activating peptide-2 and its
analogs (U.S Patent 5,472,944), macrophage inflammatory protein and its analogs (U.S.
Patent 5,306,709}, (5} compounds secreted by either platelets or megakaryocytes such as
platelet-factor 4 (U.S. Patent 5,185,323}, transforming growth factor-beta, the 12-17 kD
glycoprotein produced by megakaryocytes, thrombin and thrombospondin and its amino (1-
174 amino acid) terminal fragment {J Lab Clin Med 1997 129:231-8), and (6} other agents
including anti-cheloid agents such as Tranilast (Rizaben) (I Dermatol 1998 25:706-9};
forskolin and spleen anti-maturation factor (U.S. Patent 4,088,753},

Anti-platelet agents may also be characterized as anti-thrombotic agents, fibrinolytic
agents, direct thrombin inhibitors, glycoprotein Iib/IHla receptor inhibitors, agents that bind to
cellular adhesion molecules and inhibit the ability of white blood cells to attach to such
molecules, calcium channel blockers, beta-adrenergic receptor blockers, cyclooxygenase-2
inhibitors, and angiotensin system inhibitors.

Anti-thrombotic agents are defined as agents which prevent the formation of a blood
thrombus via a number of potential mechanisms and they include fibrinolytic agents, anti-
coagulant agents, and inhibitors of platelet function.

Fibrinolytic agents are defined as agents that lyse a thrombus (e g, a blood clot),
usually through the dissolution of fibrin by enzymatic action. Examples of thrombolytic
agents include but are not limited to ancrod, anistreplase, bisobrin lactate, brinolase,
Hageman factor (i.e. factor X1} fragments, molsidomine, plasminogen activators such as
streptokinase, tissue plasminogen activators {TPA) and urokinase, and plasmin and
plasminogen. Anti-coagulant agents also include inhibitors of factor Xa, factor TFPI, factor
Vila, factor [Xc, factor Va, factor VIiia as well as inhibitors of other coagulation factors.

Auti-coagulant agents are agents which inhubit the coagulation pathway by impacting
negatively upon the production, deposition, cleavage and/or activation of factors essential in
the formation of a blood clot. Anti~coagulant agents include but are not hinuted to vitamin K
antagonists such as coumarin and coumarin derivatives (e.g., warfarin sodium),
glycoscaminoglycans such as heparins both in unfractionated form and in low molecular

weight form; ardeparin sodium, bivalirudin, bromindione, coumarin dalteparin sodium,
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desirudin, dicumarol, lyapolate sodium, nafamostat mesylate, phenprocoumon, sulfatide, and
tinzaparin sodium.

Other “anti-coagulant” and/or “fibrinolytic” agents include Plasminogen;
Streptokinase; Urokinase: Anisoylated Plasminogen-Streptokinase Activator Complex; Pro-
Urokinase; (Pro-UK); fTPA (alteplase or activase; r denotes recombinant}, rPro-UK;
Abbcokinase; Eminase; Streptase; Anagrelide Hydrochloride; Bivalirudin, Dalteparin
Sodium; Danaparoid Sodium; Dazoxiben Hydrochlonde; Efegatran Sulfate; Enoxaparin
Sodium; Hetroban; lfetroban Sodium; Tinzaparin Sedium; retaplase; Trifenagrel;, Warfarin;
Dextrans.

Still other anti-coagulant agents inchude, but are not limited to, Ancrod, Anticoagulant
Citrate Dextrose Solution; Anticoagulant Citrate Phosphate Dextrose Adenine Solution;
Anticoagulant Citrate Phosphate Dextrose Solution, Anticoagulant Heparin Solution;
Anticoagulant Sodium Citrate Solution; Ardeparin Sodium; Bromindione; Desirudin;
Dicumarol; Heparin Calcium; Heparin Sodium; Lyapolate Sodium; Nafamostat Mesylate;
Phenprocoumon.

Clot lysing agents include, but are not himited to, issue plasminogen activator,
streptokinase, and nimodipine.

Inhibitors of platelet function are agents that impair the ability of mature platelets to
perform their normal physiological roles (i.e., their normal function). Platelets are normally
involved in a number of physiological processes such as adhesion, for example, to cellular
and non-cellular entities, aggregation, for example, for the purpose of forming a blood clot,
and release of factors such as growth factors {(e.g., platelet-derived growth factor (PDGF}))
and platelet granular components. One subcategory of platelet function inhibttors are
inhibitors of platelet aggregation which are compounds which reduce or halt the ability of
platelets to associate physically with themselves or with other cellular and non-cellular
components, thereby precluding the ability of a platelet to form a thrombus.

Examples of useful inhibitors of platelet function include but are not limited to
acadesine, anagrelide, anipamil, argatroban, aspirin, clopidogrel, cyclooxygenase inhibitors
such as nonsteroidal anti-inflarnmatory drugs and the synthetic compound FR-122047,
danaparoid sodium, dazoxiben hydrochloride, diadenosine 57,5777 -P1 P4-tetraphosphate
{Ap4A) analogs, difibrotide, dilazep dihydrochloride, 1,2- and 1,3-glyceryl dinitrate,
dipyridamole, dopamine and 3-methoxytyramine, efegatran sulfate, enoxaparin sodium,

glucagon, glycoprotein Ib/IHa antagonists such as Ro-43-8857 and L-700,462, ifetroban,
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ifetroban sodium, iloprost, isocarbacyclin methyl ester, isosorbide-5-mononitrate, ttazigrel,
ketanserin and BM-13.177, lamifiban, lifarizine, molsidomine, nifedipine, oxagrelate, PGE,
platelet activating factor antagonists such as lexipafant, prostacyclin (PGI2), pyrazines,
pyridinol carbamate, ReoPro (i e, abciximab), sulfinpyrazone, synthetic compounds BN-
50727, BN-S2021, CV-4151, B-5510, FK-409, GU-7, KB-2796, KBT-3022, K(-404, KF-
4939, OP-41483, TRK-100, TA-3090, TFC-012 and ZK-36374, 2,45 7-tetrathiaoctane,
2,4,5, 7-tetrathiaoctane 2,2-dioxide, 2,4,5-trithiahexane, theophyllin pentoxifylhin,
thromboxane and thromboxane synthetase inhibitors such as picotamide and sulotroban,
ticlopidine, tirofiban, trapidil and ticlopidine, trifenagrel, trilinolein, 3-substituted 5,6-bis(4-
methoxyphenvl)-1,2,4-triazines, and antibodies to glycoprotein Hb/Hia as well as those
disclosed in U.S. Patent 5,440,020, and anti-serotonin drugs, Clopridogrel; Sulfinpyrazone;
Aspirin; Bipyridamole; Clofibrate; Pyridinol Carbamate;, PGE; Glucagon; Autiserotonin
drugs; Caffeine; Theophyllin Pentoxityllin; Ticlopidine.

“Direct thrombin inhibitors” include hurudin, hirugen, hirulog, agatroban, PPACK,
thrombin aptamers.

“Glycoprotein IIb/IHa receptor inhibitors” are both antibodies and nov-antibodies, and
include but are not limited to ReoPro (abcixamab), lamifiban, tirofiban.

“Calcium channel blockers” are a chemucally diverse class of compounds having
important therapeutic value in the control of a variety of diseases (Fleckenstein, Cir. Res. v.
52, (suppl. 1}, p.13-16 (1983); Fleckenstein, Experimental Facts and Therapeutic Prospects,
John Wiley, New York (1983}, McCall, B, Curr Pract Cardiol, v. 10, p. 1-11 {1985)).
Calcium channel blockers are a heterogeneous group of drugs that prevent or slow the entry
of calcium into cells by regulating cellular calcium channels. (Remington, The Science and
Practice of Pharmacy, Nineteenth Edition, Mack Publishing Company, Eaton, PA, p.963
{1995)). Most of the currently available calcium channel blockers, and usetul according to the
present invention, belong to one of three major chemical groups of drugs, the
dihydropyridines, such as nifedipine, the phenyl alkyl amines, such as verapamil, and the
benzothiazepines, such as diltiazem. Other calcium channel blockers useful according to the
invention, include, but are not mited to, amrinone, amlodipine, bencyclane, felodipine,
fendiline, flunarizine, isradipine, nicardipine, nimodipine, perhexilene, gallopamil, tiapamil
and tiapamil analogues (such as 1993R0-11-2933), phenytoin, barbiturates, and the peptides
dynorphin, omega-conotoxin, and omega-agatoxin, and the like and/or pharmaceutically

acceptable salts thereof,
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“Beta-adrenergic receptor blocking agents” are a class of drugs that antagonize the
cardiovascular effects of catecholamines in angina pectoris, hypertension, and cardiac
arrhythmias. Beta-adrenergic receptor blockers include, but are not limited to, atenolol,
acebutolol, alprenolol, befunolol, betaxolol, bunitrolol, carteolol, celiprolol, hedroxalol,
indenolol, iabetalol, levobunolol, mepindolol, methypranol, metindol, metoprolol,
metrizoranolol, oxprenolol, pindolol, propranolol, practolol, practolol, sotalelnadolol,
tiprenolol, tomalolol, timolol, bupranolol, penbutolol, trimepravol, 2-3~(1, I-dimethylethyl)-
amino-2Z-hydroxypropoxy)-3-pyridenecarbonitritHCL, 1-butylamino-3-(2,5-dichlorophenoxy)-
2-propanol, 1-1sopropylamine-3-{(4-(2Z-cyclopropylmethoxyethyliphenoxy)-2-propanol, 3-
isopropylamino-1-(7-methylindan-4-yloxy}-2-butanol, 2-(3-t-butylamino-2-hydroxy-
propylthio)-4-(5-carbamoyl-2-thienyljthiazol, 7-(2-hydroxy-3-t-butylaminpropoxy phthalide.
The above-identified compounds can be used as isomeric mixtures, or in their respective
levorotating or dextrorotating form.

Cyclooxygenase-2 (COX-2) is a recently identified form of a cyclooxygenase.
“Cyclooxygenase” is an enzyme complex present in most tissues that produces varicus
prostaglandins and thromboxanes from arachidonic acid. Non-steroidal, anti-inflammatory
drugs exert most of their anti-inflammatory, analgesic and antipyretic activity and inhibit
hormone-induced uterine contractions and certain types of cancer growth through inhibition
of the cyclooxygenase (also known as prostaglandin G/H synthase and/or prostaglandin-
endoperoxide synthase). Inttially, only one form of cyclooxygenase was known, the
“constitutive enzyme” or cyclooxygenase-1 (COX-1}. It and was originally identified in
bovine seminal vesicles.

Cyclooxygenase-2 (COX-2) has been cloned, sequenced and characterized initially
from chicken, murine and human sources (See, e.g., U.S. Patent 5,543,297, 1ssued August 6,
1996 to Cromlish, et al., and assigned to Merck Frosst Canada, Inc, Kirldand, CA, entitled:
“Human cyclooxygenase-2 ¢cDNA and assays for evaluating cyclooxygenase-2 activity ).

A number of selective “COX-2 inhibitors” are known in the art. These include, but
are not limited to, COX-2 inhibitors described in U.S. Patent 5,474,995 “Phenyl heterocycles
as cox-2 inhibitors”, U.S. Patent 5,521,213 “Diaryl bicyclic heterocycles as inhibitors of
cyclooxygenase-27; U.S. Patent 5,536,752 “Phenyl heterocycles as COX-2 inhibitors”; U8,
Patent 5,550,142 “Phenyl heterocycles as COX-2 inhibitors”; U.S. Patent 5,552,422 “Aryl
substituted 5,5 fused aromatic nitrogen compounds as anti-inflammatory agents”; U.S. Patent

5,604,253 “N-benzylindol-3-yl propanocic acid derivatives as cyclooxygenase inhibitors”;

2
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U.S. Patent 5,604,260 “S-methanesulfonamido-1-indanones as an inhibitor of
cyclooxygenase-27; U.S. Patent 5,639,780 N-benzyl indol-3-yi butanoic acid derivatives as
cyclooxygenase inhibitors”; U.S. Patent 5,677,318 Diphenyl-1,2-3-thiadiazoles as anti-
inflammatory agents”; U.S. Patent 5,691 374 “Dharyl-5-oxygenated-2-(5H) -furanones as
COX-2 inhibitors”; U.S. Patent 5,698,584 “3 4-diaryl-2-hydroxy-2, 5-dihydrofurans as
prodrugs to COX-2 inhibitors”™; U.S. Patent 5,710,140 “Pheny! heterocycles as COX-2
inhibitors”; US. Patent 5,733,909 “Diphenyl stilbenes as prodrugs to COX-2 inhibitors”;
U.S. Patent 5,789,413 “Alkylated styrenes as prodrugs to COX-2 inhibitors”; U.8. Patent
5,817,700 “Bisaryl cyclobutenes derivatives as cyclooxygenase inhibitors”; U.S. Patent
5,849,943 “Stilbene derivatives useful as cyclooxygenase-2 inhibitors”; U.S. Patent
5,861,419 “Substituted pyridines as selective cyclooxygenase-2 inhibitors”; U.S. Patent
5,922,742 “Pynidinyl-2-cyclopenten-1-ones as selective cyclooxygenase-2 inhibitors”, U.S.
Patent 5,925,631 “Alkylated styrenes as prodrugs to COX-2 inhibitors”; all of which are
commonly assigned to Merck Frosst Canada, Inc. (Kirkland, CA). Additional COX-2
inhibitors are also described in U.S. Patent 5,643,933, assigned to G. D. Searle & Co.
{Skokie, 1L}, entitled: “Substituted sulfonylphenylheterocycles as cyclooxygenase-2 and S-
lipoxvgenase inhibitors.” Aspirin is an example of a COX-2 inhibitor.

A number of the above-identified COX-2 intubitors are prodrugs of selective COX-2
inhibitors, and exert their action by conversion in vivo to the active and selective COX-2
inhibitors. The active and selective COX-2 inhibitors formed from the above-identified
COX-2 inhibitor prodrugs are described in detail in W(31995/000501, published January S,
1995, WO 1995/018799, published July 13, 1995 and U.S. Patent 5,474,995, issued December
12, 1995, Given the teachings of U.S. Patent 5,543,297 entitled: “Human cyclooxygenase-2
c¢DNA and assays for evaluating cyclooxygenase-2 activity,” a person of ordinary skill in the
art would be able to determine whether an agent is a selective COX-2 inhibitor or a precursor
of a COX-2 inhibitor, and therefore part of the present invention.

Non-steroidal anti-inflarnmatory drugs include but are not limited to naproxen
sodium, diclofenac, sulindac, oxaprozin, diflunisal, aspirin, piroxicam, indomethocin,
etodolac, ibuprofen, fenoprofen, ketoprofen, mefenamic acid, nabumetone, tolmetin sodium,
and ketorolac tromethamine.

In some embodiments, the secondary agent may be an agent that inhibits the
production of natural IgM, IgG, and/or activation of Bla and/or B1b cells by LNPs. Such

agents may be antagonists of a surface receptor of Bla cells {(e.g, CD36 and CSa) or Blb
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cells, for examples, antibodies or small molecule inhibitors that bind the surface receptor and
interfere with its binding to its cognate ligands (e.g., lipid component such as
phosphatidylcholine in certain LNPs).

In other embodiments, the secondary agent may be an agent that inhibits the
activation of platelets and/or complement systern (classical pathway or alternative pathway)
by LNPs. Such agents may be CID36 antagonists, TLR antagoenists, or antagonists of any
component in the complement cascade. Such antagonists roay be antagonistic antibodies
specific to one of the targets. In some examples, the antagonists may be a protease inhibitor
that targets one or more of the serine protease component in the complement system. Other
CID36 antagonists include, but are not limited to, salvianolic acid or metabolites thereof (e g,
RA and DSS), 3- cinnamoyl indole, 13-pentyl berberine, hexarelin, or certain fatty acids such
as DHA.

It is to be understood that the disclosure contemplates use of one or more of the
foregoing secondary agents with any of the LNP provided herein, including for example
those that comprise a cationic lipid such as MC3, a helper lipid such as DSPC or DOPE, a
structural fipid such as cholesterol, and a methoxy-PEGylated lipid such as DMG-PEG,
including when such methoxy-PEGylated lipid is used at a molar percentage of greater than
0.5% including 1.5%. Thus, the disclosure conteruplates that LNPs that would otherwise
trigger a platelet response may be used together with secondary agents that include one or
more anti-platelet secondary agents. Such combinations are intended to reduce frequency
and/or severity of ABC and toxicity related to LNP use in vivo.

Also provided herein are methods for reducing drug responses, including ABC and
dose-limiting toxictty, associated with LNPs encapsulating mRNAs.

ABC 1s a threshold phenomenon, which means that the dose of an agent such as LNPs
must reach a threshold to induce chinically signicant ABC (substantial). Accordingly, it is
contemplated that using a dose lower than the threshold could reduce ABC or prevent its
occurrence. Alternatively, the LINPs described herein can lower Bla and/or Blb and/or
natural IgM stimulating activity and thus increase the dosing threshold.

In some embodiments, a method for reducing ABC of lipid LNPs encapsulating an
mRNA can be performed by at least (1) administering to a subject in need thereof a first dose
of the LNPs, and (i1} administering to the subject a second dose of the LNPs; wherein the first
dose, the second dose, or both are equal to or less than about 0.3 mg/kg. For example, the

first dose, the second dose, or both can be equal to or less than 0.2 mg/kg or 0.1 mg/kg. In
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some examples, the first dose, the second dose, or both, can range from about 0.1-0.3 mg/kg.
The interval between the first dose and the second dose can be less than 2 weeks, e.g, less
than 10 days, less than 1 week, less than 4 days, or less than 2 days. When subsequent doses
are required, the same low doses described herein may be used. The interval between two
consecutive doses may be less than 2 weeks, for example, less than 10 days, less than 1 week,
fess than 4 days, or less than 2 days.

Dose-limiting toxicity, such as CARPA, refers to side effects of a drug or other
treatment that are serious enough to prevent an increase in dose or level of treatment. It is
contermplated that using treatment regimens that could maintain the serum level of LNPs
below the threshold for triggering clinically significant dose-limiting toxicity would reduce
such toxicity or prevent its occurrence.

Accordingly, provided herein is a method for delivering hipid nanoparticles (LINPs)
encapsulating an mRNA to a subject without promoting LNP-related toxicity. Such a method
comprises admintstering an amount of the LNPs to a subject during a period, wherein the
serum level of the LNPs in the subject during the administration period is not sufficient to
induce LNP-related toxicity. The LNP-related toxicity may be coagulopathy, disseminated
intravascular coagulation (DIC), vascular thrombosis, activation-related pseudoaliergy
{CARPA), acute phase response (APR), or a combination thereof.

It is within the knowledge of those skilled in the art to select suitable doses of the
mRNA-encapsulating LNPs and the duration of the administration {e.g., infusion} so as to
maintain the serum level of the LNPs below the threshold. For example, when a large dose is
needed to reach the intended therapeutic effects, a longer administration period can be used.
Occurrence of any of the dose-limiting toxicity can be monitored via conventional
approaches in medical practice. The dose and administration period can be adjusted upon
showing of any symptom associated with the toxicity. In some examples, the dose of the
LNPs may be lower than 1 mg/kg, e.g., 0.5 mg/kg, 0.3 mg/kg, 0.2 mg/kg, or 0.1 mg/kg. In
other examples, the LNP dose may range from 0.5 to T mg/kg (e.g., 0.3 t0 0.5 mg/kg). The
administration period may range from 30 minutes to 3 hours, for example 1-2 hours. In some
instances, the administration period 15 no less than 1 hour, for example, no less than 1.5
hours, no less than 2 hours, no less than 2.5 hours, or no less than 3 hours.

In any of the methods described herein, the mRNA encapsulated in LNPs can bea
therapeutic mRNA, which may code for a therapeutic protein. The mRNA encapsulated in

LINPs may also be an mRNA encoding a vaccine antigen. In some instances, the mRNA
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encapsulated in LNPs may encode multiple proteins. In some embodiments, the LNPs used

in this method can be any of the LNPs described herein.

In some aspects the invention encompasses one or more of the following
embodiments:
I A method of reducing or inhibiting an anti-drug antibody response in a subject,
comprising subcutanecusly administering to the subject a modified messenger RNA
{(mmRNA) encoding a polypeptide of interest, wherein the mmRBNA comprises: (1) at least
one miR-142-3p microRNA binding site; (ii) at least one miR-126 binding site; or (iii} at least
one miR-142-3p microRNA binding site and at least one miR-~126 binding site, and wherein
the mmRNA comprises one or more modified nuclechases, such that an anti-drug antibody
response to the polypeptide of interest 1s reduced or inhibited in the subject.

2. The method of embodiment 1, wherein the mmRNA is administered
encapsulated in a lipid nanoparticle.

3. The method of embodiment 2, wherein the mmRNA 1s administered by once

weekly subcutanecus administration.

4 The method of any of the preceding embodiments wherein the mmRNA
comprises a 3' UTR, a codon optimnized open reading frame encoding the polypeptide of
interest, a 3' UTR comprising (i} the at least one miR-142-3p microRNA binding site; (ii) the
at teast one miR-126 binding site; or (111} the at least one miR-~142-3p microRNA binding site
and at least one miR-126 binding site, and a 3' tailing region of linked nucleosides.

5. The method of any of the preceding embodiments wherein the mmRNA

comprises a 3' UTR and 3'UTR which are heterologous to the coding region.

6. The method of any of the preceding embodiments wherein the mmRNA is

fully modified.

7. The method of any of the preceding embodiments wherein the mmRNA
comprises pseudouridine (y), pseudouridine (y) and S-methyl-cytidine (m°C), 1-methyl-
pseudouridine (m'y), l-methyl-pseudouridine (m'y) and 5-methyl-cytidine (m’C), 2-
thiouridine (s°U), 2-thiouridine and 3-methyl-cytidine (m’C), S-methoxy-uridine (mo’U), 5-
methoxy-uridine (mo U) and S-methyl-cytidine (m’C), 2'-O-methyl uridine, 2’-O-methy]
uridine and 5-methyl-cytidine (m’C), N6-methyl-adenosine (m°A) or N6-methyl-adenosine

(rn®A) and 5-methyl-cytidine (m’C).
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8. The method of any of the preceding embodiments wherein the mmRNA
comprises pseudouridine (y), N1-methylpseudouridine (m"y), 2-thicuridine, 4’ -thiouridine,
S-methyleytosine, 2-thio~-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-
thio-5-aza-uridine , 2-thio-dihydropseudouridine, Z-thio-dihydrouridine, 2-thio-
pseudouridine, 4-methoxy-2-thio-psendouridine, 4-methoxy-~pseudouridine, 4-thio-1-methyi-
pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, dihvdropseudouridine, S-methoxyuridine,
or 2’-O~methy! uridine, or combinations thereot.

9. The method of any of the preceding embodiments wherein the mmRNA
comprises 1-methyl-pseudouridine (m'y), 5-methoxy-uridine (mo’U), S-methyl-cytidine
{m’C), pseudouridine (y), o-thio-guanosine, or a-thio-adenosine, or combinations thereof.

10, The method of any of the preceding embodiments wherein the polypeptide of

interest i3 a therapeutic protein, cytokine, growth factor, antibody or fusion protein.

il The method of any of the preceding embodiments wherein lipid nanoparticle
is a liposome.

12, The method of any of the preceding embodiments wherein lipid nanoparticle

comprises a cationic and/or ionizable lipid.

13 The method of embodiment 12, wherein the cationic and/or 1onizable lipid 18
DLin-KC2-DMA or DLin-MC3-DMA.

14. The method of any of one of embodiments 1-13, wherein the mmRNA
comprises at least one miR-142-3p microRNA binding site comprising the sequence shown in
SEQ ID NO: 3.

15. The method of any one of embodiments 1-13, wherein the mmRNA comprises
at feast two microRNA binding sites, wherein at least one of the microRNA binding sites is a
miR-142-3p microRNA binding site.

16. The method of embodiment 15, wherein the mmRNA comprises a miR-142-3p
binding site and a second microRNA binding site for a miR selected from the group
consisting of miR-142-5p, miR-146-3p, miR-146-5p, miR-155, miR-126, miR-~16, miR-21,
miR-223, miR-24 and miR-27.

17, The method of any one of embodiments 1-13, wherein the mmRNA comprises
at feast one miR-126 microRNA binding site comprising the sequence shown in SEQ ID NG:

26.
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18 The method of any one of embodiments 1-13, wherein the mmRNA comprises
at feast two microRNA binding sites, wherein at least one of the microRNA binding sites is a

miR-126 microRNA binding site.

19. The method of embodiment 18, wherein the mmRNA comprises a miR-126
binding site and a second microRNA binding site for a miR selected from the group
consisting of miR-142-3p, miR-142-5p, miR-146-3p, miR-146-5p, miR-155, miR-16, miR-
21, muR-223, miR-24 and miR-27.

20. The method of any one of embodiments 1-13, wherein the mmRNA construct
comprises a miR-126 binding site and a miR-142-3p binding site.
21, The method of any one of embodiments 1-13, wherein the mmRNA construct

comprises three miR-142-3p binding sites.

22. The method of any one of embodiments 1-13, wherein the mmRNA construct
comprises three miR-126 binding sites.

23, The method of any one of embodiments 1-13, wherein the codon optimized
open reading frame encoding the polypeptide of interest comprises a stop codon and wherein
the (1) at least one miR-142-3p microRNA binding site; (i1} at least one miR-126 binding site;
or (iii} at least one miR-142-3p microRNA binding site and at least one miR-126 binding site

is located within the 3° UTR 30-50 nucleotides after the stop codon.

24, The method of any one of embodiments 1-13, wherein the codon optimized
open reading frame encoding the polypeptide of 1uterest comprises a stop codon and wherein
the (1) at least one miR-142-3p microRINA binding site; (it} at least one miR-1206 binding site;
or (iii} at least one miR-142-3p microRNA binding site and at least one miR-126 binding site

is located within the 3 UTR at least 30 nucleotides after the stop codon.

25. The method of any one of embodiments 1-13, wherein the (i} at least one miR-
142-3p microRNA binding site; (i1) at least one miR-126 binding site; or (iii} at least one
miR-142-3p microRNA binding site and at least one miR-126 binding site is located within a
5" UTR of the mmRNA construct.

26. A method of reducing or inhibiting an anti~-drug antibody response following
repeated administration of a polypeptide of interest to a subject, comprising administering to
the subject intravenously a first dose of a modified mRNA (mmRNA)} encoding a polypeptide
of interest encapsulated in an LNP, wherein the mmRINA comprises: (i) at least one miR-142-

3p microRNA binding site; (i1) at least one miR-126 binding site; or (11t} at least one miR-
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142-3p microRNA binding site and at least one miR-~126 binding site, and wherein the
mmRNA comprises one or more modified nucleobases;

and administering to the subject subcutaneously a subsequent dose of the mmRNA
encapsulated in an LINP, such that an anti-drug antibody response to the polypeptide of
interest 18 reduced or inhibited 1n the subject.

27. A method of reducing or inhibiting an anti-drug antibody response following
repeated administration of a polypeptide of interest to a subject, comprising

(1) administering to the subject intravencusly a first dose of a modified mRNA
{(mmRNA) encoding a polypeptide of interest encapsulated i an LNP, wherein the mmRNA
comprises: (1) at least one miR-142-3p microRNA binding site; (i1) at least one miR-~126
binding site; or (111} at least one miR-142-3p microRNA binding site and at least one miR-126
binding site, and wherein the mmRNA comprises one or more modified nucleobases;

(ity  detecting a level of anti-drug antibodies in a sample from the subject; and

(iti)  administering to the subject subcutancously a subsequent dose of the mmRNA
encapsulated in an LNP when the level of anti-drug antibodies in the sample is diminished,
such that an anti-drug antibody response to the polypeptide of 1nterest is reduced or inhibited
in the subject.

28. A method of reducing or inhibiting drug-related toxicity in a subject,
comprising administering to the subject a moditied messenger RNA (mmRNA) encoding a
polypeptide of interest, wherein the mmRNA comprises: (1} at least one miR-142-3p
microRNA binding site; (i1} at least one miR-126 binding site; or (i11) at least one miR-142-3p
microRNA binding site and at least one miR-126 binding stte, and wherein the mmRNA
comprises one or more modified nucleobases, such that drug-related toxicity to the

polypeptide of interest is reduced or inhibited in the subject.

29, A method of reducing or inhibiting unwanted immune cell activation in a
subject administered a messenger RNA (mRINA) encoding a polypeptide of interest, the
method comprising administering to the subject a chemically moditied mRNA encoding the
polypeptide of interest, wherein the chemically modified mRNA comprises at least one
microRNA binding site for a microRNA expressed in immune cells, and wherein the
chemically modified mRNA comprises one or more modified nucleobases, such that

unwanted immune cell activation is reduced or inhibited in the subject.
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30. The method of embodiment 29, wherein reduction or inhibition of unwanted
immune cell activation is determined compared to control administration of a chemically
modified oRNA lacking the at least one microRNA binding site.

31 The method of embodiment 29, wherein the reduction or inhibition of
unwanted immune cell activation 1s reduction or inhibition of lymphocyte activation.

32. The method of embodiment 31, wherein the reduction or inhibition of
tymphocyte activation is reduction or inhibition of B cell activation.

33 The method of embodiment 32, wherein reduction or inhibition of B cell
activation is determined by frequency of CD19” CD86™ CD69™ B cells.

34, The method of any one of embodiments 29-33, wherein the reduction or
inhibition of unwanted immune cell activation causes reduced or inhibited cytokine
production.

35 The method of any one of embodiment 29-34, wherein tramune cell activation
is decreased without a corresponding decrease in expression of the polypeptide of interest

encoded by the chemically modified mRNA.

30. A method of reducing or inhibiting unwanted cytokine production in a subject
administered a messenger RNA (mRNA) encoding a polypeptide of interest, the method
comprising administering to the subject a chemically modified mRNA encoding the
polypeptide of interest, wherein the chemically modified mRNA comprises at least one
microRNA binding site for a microRNA expressed in immune cells, and wherein the
chemically modified mRNA comprises one or more modified nucleobases, such that
unwanted cytokine production is reduced or inhibited in the subject.

37. The method of embodiment 36, wherein reduction or inhibition of unwanted
cytokine production is determined compared to control administration of a chemically
moditied mRNA lacking the at least one microRNA binding site for a microRNA expressed
in tromune cells,

38. The method of embodiment 36, wherein the reduced or inhibited cytokine
production is reduced or inhibited production of interfeukin-6 (IL-6), tumor necrosis factor «
{TNF-a) or interferon-~y (IFN-y).

39 The method of embodiment 36, wherein the reduced or inhibited cytokine

production 1s reduced or inhibited production of interleukin-6 (IL-6).
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40, The method of any one of embodiment 36-39, wherein cytokine production is
decreased without a corresponding decrease in expression of the polypeptide of interest
encoded by the chemically modified mRNA.

41.  The method of embodiment any one of embodiments 29-40, wherein the
chemically modified mRNA 15 administered subcutaneously encapsulated in a lipid
nanoparticle.

42. The method of embodiment 41, wherein the chemucally modified mRNA is

administered by once weekly administration.

43, The method of any one of embodiments 29-42 wherein the chemically
modified mRNA comprises a $' UTR, a codon optimized open reading frame encoding the
polypeptide of interest, a 3' UTR comprising the at least one microRNA binding site, and a 3’
tailing region of linked nucleosides.

44, The method of embodiment 43, wherein the chemically modified mRNA

comprises a 5" UTR and 3'UTR which are heterologous to the open reading frame.

45. The method of any one of embodiments 29-44, wherein the mRNA is fully
modified.
46. The method of any of embodiments 29-45, wherein the mRNA comprises

pseudouridine (y), pseudouridine (y) and 5-methyl-cytidine (m’C), 1-methyl-pseudouridine
{(m'y), 1-methyl-pseudouridine (m'y) and 5-methyl-cytidine (m’C), 2-thicuridine (s’U), 2~
thiouridine and 5-methyl-cytidine (m°C), S-methoxy-uridine (mo’U), 5-methoxy-uridine
{mo’U) and 5-methyl-cytidine (m’°C), 2°-O-methyl uridine, 2’-O-methy! uridine and 5-
methyl-cytidine (m’C), N6-methyl-adenosine (m°A) or Né-methyl-adenosine (m°A) and S-
methyl-cytidine (m’C).

47.  The method of any of one of embodiments 29-46, wherein the mRNA
comprises pseudouridine (), Ni-methylpsendouridine (m"y), 2-thiouridine, 4 -thiouridine,
S-methylceytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-
thio-5-aza-uridine , 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-
pseudouridine, 4-methoxy-2-thio-pseudouriding, 4-methoxy-pseudouridine, 4-thio-1-methyi-
pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, dihvdropseudouridine, S-methoxyuridine,

or 2’-O~methy! uridine, or combinations thereot.
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48.  The method of any one of embodiments 29-47, wherein the mRNA comprises
1-methyl-pseudouridine {m'y), 5-methoxy-uridine (mo’U), 5-methyl-cytidine (m’C),
pseudouridine (), a~thio-guanosine, or a-thio-adenosine, or combinations thereof.

49, The method of any one of embodiments 29-48, wherein the microRNA

binding site binds a microRNA expressed in myeloid celis,

50. The method of any one of embodiments 29-48, wherein the microRNA
binding site binds a microRNA expressed in plasmacytoid dendritic cells,

51. The method of any one of embodiments 29-48, wherein the microRNA
binding site binds a microRNA expressed in macrophages.

52. The method of any one of embodiments 29-48, wherein the microRNA
binding site is a miR-126 microRNA binding site.

53. The method of embodiment 52, wherein the miR-126 microRNA binding site

comprises the sequence shown in SEQ ID NO: 26,

54. The method of any one of embodiments 29-48, wherein the microRNA
binding site is a miR-142 microRNA binding site.

55. The method of embodiment 54, wherein the miR-142 microRNA binding site
comprises the sequence shown in SEQ 1D NG: 3.

56. The method of any one of embodiments 29-48, wherein the microRNA
binding site is a miR-155 microRNA binding site.

57. The method of embodiment 56, wherein the miR-155 microRNA binding site
comprises the sequence shown in SEQ ID NO: 35,

58. The method of any one of embodiments 29-57, wherein the polypeptide of

interest 1s a therapeutic protein, cytokine, growth factor, antibody or fusion protein.

59. The method of any one of embodiments 29-58, wherein the chemically

modified mRNA comprises at least two microRNA binding sites.

60.  The method of embodiment 59, wherein at least one of the microRNA binding
sites 15 a miR-126 microRNA binding site.

61. The method of embodiment 60, wherein the chemically moditied mRNA
comprises a miR-126 binding site and a second microRNA binding site for a miR selected
from the group counsisting of miR-~142-3p, miR-142-5p, miR-~146-3p, miR-146-5p, miR-155,
miR-16, miR-21, miR-223, miR-24 and muR-27.
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62. The method of embodiment 60, wherein the chemically moditied mRNA

comprises a miR-126 binding site and a miR-142 binding site.
63. The method of embodiment 41, wherein the lipid nanoparticle is a liposome.

64. The method of embodiment 41, wherein the lipid nanoparticle comprises a
cattonic and/or 1onizable lipid.

65. The method of embodiment 64, wherein the cationic and/or 1onizable lipid 18
DLin-KC2-DMA or DLin-MC3-DMA.

60. A method of reducing or inhibiting unwanted tmmune cell activation in a
subject administered a messenger RNA (mRNA) encoding a polypeptide of interest,
comprising administering to the subject intravenously a first dose of a chemically modified
mRNA encapsulated in an lipid nanoparticle (LNP), wherein the chemically modified mRNA
comprises at least one microRNA binding site for a microRNA expressed in immune cells,
and wherein the chemically modified mRNA comprises one or more modified nucleobases;

and administering to the subject subcutaneously a subsequent dose of the chemically
modified mRNA encapsulated in an LNP, such that unwanted immune cell activation ts
reduced or inhibited in the subject.

67. A method of reducing or inhibiting unwanted tmmune cell activation in a
subject following repeated administration of a messenger RNA (mRNA) encoding a
polypeptide of interest to the subject, comprising

(1) administering to the subject intravencusly a first dose of a chemically
modified mRNA encapsulated in a lipid nanoparticle (LNP), wherein the chemically
modified mRINA comprises at least one microRNA binding site for a microRNA expressed in
immune cells,
and wherein the chemically modified mRNA comprises one or more modified nucleobases;

(ity  detecting a level of immune cell activation in a sample from the subject; and

(111)  administering to the subject subcutanecusly a subseguent dose of the
chemically modified mRNA encapsulated in an LNP when the level of immune cell
activation in the sample is diminished, such that unwanted iromune cell activation 1s reduced
or inhibited in the subject.

68. The method of embodiment 66 or 67, wherein the reduced or inhibited
unwanted immune cell activation is reduced or inhibited B cell activation.

69. The method of embodiment 66 or 67, wherein the reduced or inhibited

unwanted immune cell activation causes reduced or inhibited cytokine production,
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70. A method of reducing or inhibiting accelerated blood clearance in a subject
repeatedly administered a messenger RNA (mRNA) encoding a polypeptide of interest
encapsulated in an lipid nanoparticle (LNP), the method comprising adruinistering to the
subject a chemically modified mRNA encoding the polypeptide of interest encapsulated in an
lipid nanoparticle (LNP), wherein the chemically modified mRNA comprises at least one
microRNA binding site for a microRNA expressed in immune cells, and wherein the
chemically moditied mRNA corprises one or more modified nucleobases, such that
accelerated blood clearance is reduced or inhibited in the subject upon repeat administration.

71 A method of reducing or inhibiting accelerated blood clearance in a subject
administered a messenger RNA (mRNA} encoding a polypeptide of interest encapsulated in
an lipid nanoparticle (LNP}), comprising administering to the subject intravenously a first
dose of a chemically modified mRNA encapsulated in an liptd nanoparticle (LNP), wherein
the chemically modified mRNA comprises at least one microRNA binding site for a
microRNA expressed in immune cells, and wherein the chemically modified mRNA
comprises one or more modified nucleobases;

and administering to the subject subcutaneously a subsequent dose of the chemically
modified mRNA encapsulated in an LNP, such that accelerated blood clearance is reduced or
inhibited in the subject.

72.  The method of anyone of embodiments 70-71, wherein the mRNA encoding a
polypeptide of interest encapsulated in a lipid nanoparticle (LNP) does not activate B cells
and/or does not induce production of IghM molecules capable of binding to the LNP.

73. The method of any one of embodiments 70-72, wherein reduction or inhibition
of accelerated blood clearance is determined compared to control administration of a
chemically modified mRNA lacking the at least one microRNA binding site encapsulated in a
fipid nanoparticle (LNP).

74.  The method of any one of embodiments 70-73, wherein accelerated blood
clearance 1s reduced or inhibited without a corresponding reduction or inhubition in
expression of the polypeptide of interest encoded by the chemically modified mRNA.

75.  The method of any one of embodiments 70-74, wherein the interval between
two consecutive doses is less than 2 weeks.

76. The method of embodiment 75, wherein the interval between two consecutive

doses is less than 1 week,
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77 A method of reducing or tnhibiting production of IgM molecules that
recognize polyethylene glycol (PEG) in a subject repeatedly administered a messenger RNA
{mRNA) encoding a polypeptide of interest encapsulated in an lipid nanoparticle (LNP), the
method comprising administering to the subject a chemically modified mRNA encoding the
polypeptide of interest encapsulated 1o an lipid navoparticle (LNP), wherein the chemically
modified mRINA comprises at least one microRNA binding site for a microRNA expressed in
immune cells, and wherein the chemically modified mRNA comprises one or more modified
nuclecbases, such that production of IgM molecules that recognize PEG are reduced or
inhihited in the subject upon repeat administration.

78. A method of reducing or tnhibiting production of IgM molecules that
recognize polyethylene glycol (PEG) in a subject administered a messenger RNA (mRNA)
encoding a polypeptide of interest encapsulated in an lipid nanoparticle (LNP), comprising
administering to the subject intravenously a first dose of a chemically modified mRNA
encapsulated in an lipid nanoparticle (1L.NP), wherein the chemically modified mRNA
comprises at least one microRNA binding site for a microRNA expressed in immune cells,
and wherein the chemically modified mRNA comprises one or more modified nucleobases;

and administering to the subject subcutanecusly a subsequent dose of the chemically
modified mRNA encapsulated in an LINP, such that production of IgM molecules that

recognize PEG are reduced or inhibited in the subject.

79, The method of any one of embodiments 70-78, wherein the chemically
moditied mRNA comprises a 5' UTR, a codon optimized open reading frame encoding the
polypeptide of interest, a 3' UTR comprising the at least one microRNA binding site, and a 3’

tailing region of linked nucleosides.

80.  The method of embodiment 79, wherein the chemically modified mRNA

comprises a 5 UTR and 3'UTR which are heterologous to the open reading frame.

81.  The method of any one of embodiments 70-80, wherein the mRNA 13 fully
modified.
82. The method of any one of embodiments 70-81, wherein the mRNA comprises

pseudouridine (y), pseudouridine (y) and S-methyl-cytidine (m’C), 1-methyl-pseudouridine
{m'ys), 1-methyl-pseudouridine (m"y) and 5-methyl-cytidine (m’C), 2-thiouridine (s"U), 2-
thiouridine and S-methyl-cytidine (m°C), S-methoxy-uridine (mo’U), S-methoxy-uridine

{mo’U) and 5-methyl-cytidine (m’C), 2’-O-methyl uridine, 2’-O-methyl uridine and 5-
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methyl-cytidine (m’°C), N6-methyl-adenosine (m°A) or N6-methyl-adenosine (m°A) and 5-

methyl-cytidine (m’C).

83. The method of any one of embodiments 70-82, wherein the mRNA comprises
pseudouridine (y), N1-methylpseudouridine (m'y), 2-thicuridine, 4’ -thicuridine, 5-
methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-
thio-5-aza-uridine , 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-
pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-
pseudouridine, 4-thio-pseudouridine, S-aza-uridine, dihydropseudouridine, S-methoxyuridine,
or 2-C-~-methy! uridine, or combinations thereof.

84. The method of any one of embodiments 70-83, wheretn the mRNA comprises
{-methyl-pseudouridine (m"y), S-methoxy-uridine (mo’U), S-methyl-cytidine (m’C),
pseudouridine {y), a-thic-guanosine, or g-thio-adenosine, or combinations thereof.

85.  The method of any one of embodiments 70-84, wherein the microRNA
binding site binds a microRNA expressed in myeloid celis.

86.  The method of any one of embodiments 70-84, wherein the microRNA
binding site ts a miR-142 microRNA binding site

87. The method of embodiment 86, wherein the miR-~-142 microRNA binding site
comprises the sequence shown in SEQ ID NO: 3.

88. The method of any one of embodiments 70-84, wherein the microRNA
binding site binds a microRNA expressed in plasmacytoid dendritic cells,

89, The method of any one of embodiments 70-84, wherein the microRNA
binding site is a miR-126 microRNA binding site

80, The method of embodiment 89, wherein the miR-126 microRNA binding site
comprises the sequence shown in SEQ ID NO: 26.

91, The method of any one of embodiments 70-84, wherein the microRNA
binding site binds a microRNA expressed in macrophages.

92. The method of any one of embodiments 70-84, wherein the microRNA
binding site is a miR-155 microRNA binding site.

93. The method of embodiment 92, wherein the miR-155 microRNA binding site

comprises the sequence shown in SEQ 1D NO: 35,
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%4, The method of any one of embodiments 70-93, wherein the polypeptide of

interest is a therapeutic protein, cytokine, growth factor, antibody or fusion protein.

85. The method of any one of embodiments 70-94, wherein the chemically

modified oRNA comprises at least two microRNA binding sites.

96.  The method of embodiment 95, wherein at least one of the microRNA binding

sites 1s a miR-126 microRNA binding site.

97. The method of embodiment 96, wherein the chemically modified mRNA
comprises a miR-~-126 binding site and a second microRNA binding site for a iR selected
from the group consisting of miR-~142-3p, miR-142-5p, miR-146-3p, miR-146-5p, miR-155,
miR-16, miR-21, miR-223, miR-24 and miR-27.

98.  The method of embodiment 96, wherein the chemically modified mRNA

comprises a miR-126 binding site and a miR-142 binding site.

99. The method of any one embodiments 70-98, wherein the lipid nanoparticle is a

liposome.

100,  The method of any one embodiments 70-98, wherein the lipid nanoparticle

comprises a cationic and/or tonizable lipid.

101, The method of embodiment 100, wherein the cationic and/or ionizable lipid 1s
DLin-KC2-DMA or DLin-MC3-DMA.

102, A modified messenger RNA (mmRINA) encoding a polypeptide of interest,
wherein the mmRNA corprises at least two different microRNA (miR) binding sites,
wherein the microRNA is expressed in an immune cell of hematopoietic lineage or a cell that
expresses TER7 and/or TLRSE and secretes pro-inflaromatory cytokines and/or chemokines,
and wherein the mmRNA comprises one or more modified nuclechases.

103, The mmRNA of embodiment 102, wherein the immune cell of hematopoietic
lineage is a lymphoid cell, such as a T cell, B cell, or NK cell.

104,  The mmRNA of embodiment 102, wherein the immune cell of hematopotetic
lineage is a myeloid cell, such as a monocyte, macrophage, neutrophil, basophil, eosinophil,
erthyrocyte, dendritic cell, megakaryocyte, or platelet.

105 The mmRNA of embodiment 102, wherein the immune cell of hematopoietic

lineage 15 a hematopoietic progenitor cell.
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106,  The mmRNA of embodiment 102, wherein the cell that expresses TLR7
and/or TLRR and secretes pro-inflammatory cytokines and/or chemokines is an endothelial
cell.

107, The mmRNA of any one of embodiments 102-106, wherein the microRNA 13
abundant in the same or different cell type of interest.

108.  The mmRNA of any one of embaodiments 102-106, wherein the microRNA is

abundant in multiple cell types of interest.

109 The mmBRNA of embodiment 102, wherein the mmRNA comprises at least
one first microRNA binding site of a microRNA abundant in an immune cell of
hematopoietic lineage and at least one second microRNA binding site is of a microRNA
abundant in endothelial cells

110, The mmRNA of embodiment 102, wherein the mmRNA comprises at least
one first microRNA binding site of a microRNA abundant in B cells and at least one second

microRNA binding stie of a microRNA abundant in endothelial cells.

111, The mmRNA of embodiment 102, wherein the mmRNA comprises at least
one first microRNA binding site of a microRNA abundant in plasmacytoid dendritic celis and
at feast one second microRNA binding site of a microRNA abundant in endothelial cells.

112, The mmRNA of any one of embodiments 102-111, wherein the mmRNA
comprises mrultiple copies of a first microRNA binding site and at least one copy of a second
microRNA binding site.

113 The mmBRNA of embodiment 112, wherein the mmRNA comprises 2 copies of
the first microRNA binding site.

114, The mmRNA of embodiment any one of embodiments 102-111, wherein the
mmBNA comprises first and second microRNA binding sites of the same mictoRNA.

115, The mmRNA of embodiment 114, wherein the microRNA binding sites are of
the 3p and 5p arms of the same microRNA.

116,  The mmRNA of embodiment 102, wherein the microRNA is selected from the
group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16,
miR-21, miR-223, miR-24, miR-27 and miR-206a.

117 The mmRNA of embodiment 102, wherein the microRNA 1s selected from the

group consisting of miR126-3p, miR-142-3p, miR-142-5p, and miR-155.
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118 The mmRNA of embodiment 102, wherein at least one microRNA binding site
is a miR-126 binding site.

119, The mmRNA of embodiment 102, wherein at least one microRNA binding site
18 a miR-142 binding site.

120, The mmRNA of embodiment 102, wherein one microRNA binding site 1s a
miR-126 binding site and the second microRNA binding site is for a microRNA selected from
the group consisting of miR-142-3p, miR-142-5p, miR-146-3p, miR-~146-5p, miR-15S, miR-
16, miR-21, miR-223, miR-24 and miR-27.

121, The mmRNA of embodiment 102, comprising at feast one miR-126-3p

binding site and at least one miR-142-3p binding site.

122, The mmRNA of embodiment 102, comprising at least one miR-142-3p

binding site and at least one 142-5p binding site.

123, The mmRNA of embodiment 102, comprising at least three different
microRNA binding sites, wherein at least one of the microRNA binding sites is a miR-126
binding site.

124, The mmRNA of embodiment 102, comprising at least three different
microRINA binding sites, wherein at least one of the microRNA binding sites 13 a niR-142
binding site.

125, The mmRNA of embodiment 102, comprising at least one miR-126-3p
binding site, at least one miR-142-3p, and a third microRNA binding site for a microRNA
selected from the group consisting of miR-146-3p, miR-146-5p, miR-155, miR-16, miR-21,

miR-223 niR-24 and miR-27.

126, The mmRNA of embodiment 102, comprising at least one miR-126-3p

binding site, at least one miR-142-3p binding site, and at least one miR-~155 binding site.
127 The mmRNA of embodiment 102, comprising at least one miR-126-3p
binding site, at least one miR-142-3p binding site, at least one miR-142-5p binding site, and
at feast one miR-155 binding site.
128,  The mmRNA of any of the preceding embodiments, wherein the microRNA
binding sites are located in the 5" UTR, 3' UTR, or both the 5 UTR and 3' UTR of the
mmRNA.



10

WO 2018/187590 PCT/US2018/026286
157

129, The mmRNA of embodiment 128, wherein the microRNA binding sites are

focated in the 3' UTR of the mmRNA.

130,  The mmRNA of embodiment 128, wherein the microRNA binding sites are
focated in the ' UTR of the mmRNA.

131, The mmRNA of embodiment 128, wherein the microRNA binding sites are
focated in both the ' UTR and 3' UTR of the mmRNA.

132, The mmRNA of embodiment 128, wherein at least one microRNA binding
site 1s located 1o the 3' UTR imuediately adjacent to the stop codon of the coding region of
the mmRNA.

133, The mmRNA of embodiment 128, wherein at least one microRNA binding
site 18 located in the 3' UTR 70-80 bases downstream of the stop codon of the coding region

of the mmRNA,

134, The mmRNA of embodiment 128, wherein at least one microRNA binding
site 18 located 1n the 5' UTR immediately preceding the start codon of the coding region of the
mmRNA.

135, The mmRNA of embodiment 128, wherein at least one microRNA binding
site 18 located in the 5" UTR 15-20 nucleotides preceding the start codon of the coding region
of the mmRNA.

136, The mmRNA of embodiment 128, wherein at least one microRNA binding
site is located in the 5' UTR 70-80 nuclectides preceding the start codon of the coding region

of the mmRNA.

137, The mmRNA of embodiment 128, wherein the mmRNA comprises multiple
copies of the same microRNA binding site positioned immediately adjacent to each other or

with a spacer of less than 3, 5-10, 10-15, or 15-20 nucleotides.

138,  The mmRNA of embodiment 128, wherein the mmRNA comprises multiple
copies of the same microRNA binding site located in the 3' UTR, wherein the first microRNA
binding site is positioned immediately adjacent to the stop codon and the second and third
microRNA binding sties are positioned 30-40 bases downstream of the first microRNA
binding site.

139,  The mmRNA of embodiment 128, wherein the mmRNA comprises 2 copies of

a first microRNA binding site and 1 copy of a second microRNA binding site located in the 3'
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UTR, wherein the first copy of the first microRNA binding site is positioned immediately
adjacent to the stop codon, the second microRNA binding site is positioned 30-40 bases
dowustream of the first copy of the first microRNA binding site, and the second copy of the
first microRNA binding site is positioned 30-40 bases downstream of the second microRNA

binding site

140, The mmBNA of any of the preceding embodiments, wherein the mmRNA 1s

fully modified.

141, The mmRNA of any of the preceding embodiments wherein the mmRNA
comprises pseudouridine (y), pseudouridine (y) and S-methyl-cytidine (m’°C), 1-methyl-
pseudouridine (m'y), l-methyl-pseudouridine (m'y) and 5-methyl-cytidine (m’C), 2-
thiouridine (s°U), 2-thiouridine and 3-methyl-cytidine (m°C), S-methoxy-uridine (mo’U), 5-
methoxy-uridine (mo’U) and 5-methyl-cytidine (m’C), 2'-O-methyl uridine, 2’-O-methy]
uridine and 5-methyl-cytidine (m’C), N6-methyl-adenosine (m°A) or N6-methyl-adenosine

(m®A) and 5-methyl-cytidine (m’C).

142, The mmRNA of any of the preceding embodiments wherein the mmRNA
comprises pseudouridine (), N1-methylpseudouridine (m'y), 2-thiouridine, 4 -thicuridine,
S-methylcytosine, 2-thio-1-methyl-1-deaza-psendounidine, 2-thio-1-methyl-pseudouridine, 2-
thio-5-aza-uridine , 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-
pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-
pseudouridine, 4-thio-pseudouridine, S-aza-uridine, dihyvdropsendouridine, 5-methoxyuridine,
or 27-O-methyl uridine, or combinations thereof.

143, The mmRNA of any of the preceding embodiments wherein the mmRNA
comprises 1-methyl-pseudouridine (m'w), S-methoxy-uridine (mo’U), S-methyl-cytidine
(m’C), pseudouridine (y), u-thio-guanosine, or a-thio-adenosine, or combinations thereof.

144, The mmRNA of any of the preceding embodiments wherein the polypeptide of
interest is a therapeutic protein, cytokine, growth factor, antibody or fusion protein.

145, Alipid nanoparticle comprising the mmRNA of any of the preceding
embodiments.

146.  The lipid nanoparticie of embaodiment 145 wherein the lipid nanoparticle
comprises a liposome.

147 The lipid nanoparticle of erobodirnent 145 wherein lipid navoparticie

comprises a cationic and/or ionizable lipid.
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148 The lipid nanoparticle of embodiment 147, wherein the cationic and/or

ionizable lipid 1s DLin-KC2-DMA or DLin-MC3-DMA.

149. A pharmaceutical composition comprising the mmRNA of any one of
embodiments 102-144 or the lipid nanoparticle of any one of embodiments 145-148, and a

pharmaceutically acceptable carrier, diluent or excipient.

150.  The mmRNA according to any one of embodiments 102-144, the lipid
nanoparticle according to any one of erabodiments 145-148, or the pharmaceutical
composition according to embodiment 149, for use in reducing or inhibiting an anti-drug

antibody response or inhibiting drug-related toxicity in a subject in need thereof.

151, The mmRNA according to any one of embodiments 102-144, the lipid
nanoparticle according to any one of embodiments 145-148 or the pharmaceutical
composition according to embodiment 149, for use in reducing or inhibiting unwanted
immune cell activation or reducing or inhibiting unwanted cytokine production in a subject in

need thereof.

152, The mmRNA according to any one of embodiments 102-144, the lipid
nanoparticle according to any one of embodiments 145-148 or the pharmaceutical
composition according to embodiment 149, for use in reducing or inhibiting accelerated
blood clearance in a subject in need thereof.

153, The mmBRNA according to any one of embodiments 102-144, the lipid
nanoparticle according to any one of embodiments 145-148 or the pharmaceutical
composition according to embodiment 149, for use 10 reducing or inhibiting production of
IgM molecules that recognize polyethylene glycol (PEG) in a subject in need thereof.

Without further elaboration, it is believed that one skilled in the art can, based on the
above description, utilize the present invention to its fullest extent. The following specific
embodiments are, therefore, to be construed as merely llustrative, and not hmitative of the
remainder of the disclosure in any way whatsoever. All publications cited herein are

incorporated by reference for the purposes or subject matter referenced herein.
EXAMPLES

Fxample 1 Repeat dose INV/SC + MIR
In this study, the effects of repeat intravencus (1V) dosing followed by subcutaneous

(8C) administration were examined. Female CD1 mice (n=8 per group) were given six doses
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of hEP(} in different lipid nanoparticle formulations (0.5 mg/kg) either IV or 8C weekly.
After the six doses, the IV groups (groups 8-14) were given weekly SC doses for three weeks.

The groups are shown in Table 1 below.

Table 1. Experimental Groups

Group Test/Control Material Vehicle | Formulation Route

1 Compound 13 LNP  [350:10385:15 | gC

2 Compound I8 EPO 142/ | (NP | 50:10:38:5:1.5 | g0
126 '

3 Compound 18 PEG LNP | 50:1038:5:15 | gp
Steric OH

4 Compouﬂd 18 PEG NP 50-10:38:5:1 5 S
Steric OH EPO 142 /126 o

5 Compound 18 Oleic LNP S0:10:38:5:1.5 SC

I Compound 18 Oleic EPO | { np 50:10:38°5:1.5 e
142/ 126 '

7 Compound 18 DSPE LNP [ 50:1038:515 | gp
methoxy PEG o

8 Compound 18 LNP  |50:1038515 |y

9 Compound 18 EPO 1427 [ NP | 50:10:38:5:1.5 | 1y
126

10 C@mp@und 18 PEG NP 50:10:38°5-15 v
Steric OH ]

1 Compound 18 PEG LNP | 50:10:38:515 |y
Steric OH EPO 142 /126

12 Compound 18 Oleic LNP 50:10:38:5:1.5 v

13 Compound 18 Oleic EPO | {Np | 50:10:38:5:15 |1y
142/126

14 Compound 18 BSPE LNP | 50:10:38:5:15 | gy
methoxy PEG

15 PBY LNP | 50:10:38:5:15

16 Naive LNP | 50:10:38:5:15

Blood samples were taken six hours after each dose, and the concentration of hREP(O
was measured. The hEPO concentrations from six doses of via IV (top) or SC (bottom)
routes are shown in Fig. 1. The effect of MIR was more pronounced in the MIR™ SC groups.

In some groups, the mice were given six [V doses and then three weekly SC doses
subsequently. The results are shown in Fig. 2. The effect of MIRs was found to be the most

pronounced after two SC doses following the six IV doses.
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Anti-PEG IgM was also measured. Serum samples were diluted 1:100 and assayed
using AGP4 standard mouse anti-PEG IgM. Median fluorescence intensity (MFT) with APC
was used for quantification. The results after two weeks (Fig. 3), four weeks (Fig. 4), six

weeks (Fig. 5; SC only), and eight weeks (Fig. 6; six I'V doses and two SC doses), are given.

Fxample 2: Luciferase repeat dose SC study

In this experiment, mice were administered (either SC or IV) luciferase, an
intracellular protein, in different lipid nanoparticle formulations (0.5 mg/kg) weekly as shown
in Fig. 7. Bioluminescence imaging (BLI) was performed after each dose. No loss in protein
expression after four doses with luciferase was detected, as the intraceliular protein
maintained expression regardless of the formulation tested. The groups are shown in Table 2

below.

Table 2. Experimental Groups

Group | Test/Control Material Vehicle | Formulation Route

1 Compound 18 LNP S50:10:38:5:1.5 SC

2 Compound 18 Oleic acid | LNP SO:10:38:5:1.5 SC
Compound 18 PEG

3 _ LNP 50:10:38:5:18 SC
Steric OH

4 Compound 18 LNP 50:10:38:5:1.5 Iv

5 Compound 18 Oleic acid | LNP 50:10:38:5:1.5 v
Compound 18 PEG

6 LNP 50:10:38:5:1.5 v

Steric OH

After the first dose, five roice from each group were sacrificed and spleen, liver,
draining lymph nodes, and the site of injections were imaged ex vivo. The remaining five
animals from each group were sacrificed six hours after the final dose, and the spleen, liver,

draining lymph node, and site of injection were imaged.

Lxample 3: Repeat dose SC expression afier administration in nide mice

In this experiment, BALB/c nude mice (groups 1-3) and BALB/c wild-type mice
{groups 4-0) were administered hEPQO, a secreted protein, formulated in different lipid

nanoparticles at 0.5 mg/kg. The expenimental groups are shown in Table 3 below.
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Table 3. Experimental Groups
Test/Control

Group Vehicle | Formulation Route
Material

1 Compound 18 LNP 50:10:38:5:1.5 SC
Compound 18 Oleic )

2 ‘ LNP 50:10:38:5:1.5 SC
acid
Compound 18 PEG o

3 _ LNP 50:10:38:5:15 SC
Steric OH

4 Compound 18 LNP 50:10:38:5:1.5 S5C
Compound 18 Oleic

5 ‘ LNP 50:10:38:5:1.5 SC
acid
Compound 18 PEG

6 ‘ 7 LNP 50:10:38:5:1.5 SC
Steric OH

7 PBS BALB/c SC

As shown in Fig. 8, expression after SC administration showed no protein loss in nude mice;
however, in wild-type mice, formulations containing PC or PEG modifications showed no
increase in PEG IgM (Fig. 9) while protein expression dropped relative to earlier dosing. T
cell frequencies, as shown in Fig. 11, demonstrate higher levels in BALB/c wild-type mice,
as compared to nude mice. As shown in Fig. 10, anti-EPO antibody was consistently lower
in the BALB/c wild-type mice. The results of an anti-EPO antibody ELISA, which are
consistent, are shown in Fig. 12.

Expression loss after four SC doses (Fig. 8) appears to be T-cell dependent (Fig. 11},
The higher response cbserved for anti-PEG IgM in BALB/c wild-type compared to BALB/c
nude mice suggests that T cells have arole (Fig. 9). T cell cytokine production may lead to
increased anti-PEG IgM in wild-type (as compared to nude) BALB/c mice. However, the
small changes in the anti-EPO antibodies alone do not explain the differences in protein
expression (Fig. 10). The results demonstrate that a combination of immune cells, including T

cells, is involved in regulating protein expression levels and loss of protein expression.
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Fxample 4: Repeat dose SC (rotation of site of injection)

Female CD1 mice (=8 per group) were adnunistered different formulations
subcutaneously. Blood was sampled before the first dose (baseline) and one and six hours
after each dose. The one hour samples were used to measure mRNA bDNA and the six hours
samples were assayed for huEPQO, IP10, and IL-6. Ninety-six hours after the second and
fourth doses, samples were drawn for serum to measure PEG IgM, and 24 hours atter the
sixth dose, blood was drawn, and spleens and injection sites were saved.

As shown in Fig. 13, the results are consistent with previous data, showing a drop in
protein expression with each dose. Figs. 14 and 15 show T cell frequencies and activated T

cell frequencies, respectively.

Lxample 5. 1V dosing priov to SC dosing maintains expression

Mice were pre-dosed IV for 6 weeks (at 3 dose levels) with LNP comprising mRNA
encoding hEpo prior to 6 SC doses. As shown supra, [V predosing enables sustained
expression upon subsequent SC dosing. As shown in Figure 14, SC-only dosed mice show
reduced Epo expression after only 4 SC doses, whereas IV+8C mice showed sustained
exXpression.

Consistent with the expression data, there is munimal ADA 1o the TV predosed
animals, while SC-only animals show a spike in anti-Epo antibody levels after 5 doses.
(Figure 15). Expression in SC-only animals dropped around day 63, which coincides with

the increase in anti-Epo antibody levels.

Fxample 6: Repeat dose JV/SC

In this study, the immune etfects of repeat intravenous (IV) dosing followed by
subcutaneous (SC)y admirustration were examined. Female CD1 mice (=5 per group) were
given six intravenous doses of hEPO (m'y) in Cmpd18 lipid nanoparticle formulations for six
weeks (1 dose per week; the “predosing regimen”). Three different concentrations (0.50
meg'ke, 0.10 mg/kg, and 0.02 mg/kg) were tested. The three groups were then given six
subcutaneous doses of hEPO (m'y) in Crapd18 lipid nanoparticle formulations for six weeks
(1 dose per week; 0.50 mg/kg). An additional group did not receive the predosing regimen
and only received the six subcutaneous doses (1 per week; 0.50 mg/kg).

Blood samples were taken just prior to the first IV dose to establish a baseline level of

fgM. After the first sample, blood samples were taken 24 hours after each subsequent dose,
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and the anti-PEG IgM and anti-PC IgM were measured. The results are shown in Figs. 16
and 17. As shown in Fig. 16, a significant increase in anti-PEG IgM was observed in Group
4, the group that did not recetve the predosing regirnen at both the Day 70 and Day 77 24-
hour time points. No significant differences were cbserved at earlier time points based ona

2-way ANOVA.

EQUIVALENTS

While several inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those
skilled in the art will readily appreciate that all parameters, dimensions, materials, and
configurations described herein are meant to be exemplary and that the actual parameters,
dimensions, materials, and/or configurations will depend upon the specific application or
applications for which the inventive teachings is/are used. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific inventive embodiments described herein. Tt is, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto, inventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are directed to each mndividual feature, system, article, material, kit,
and/or method described herein. In addition, any combination of two or more such features,
systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials,
kits, and/or methods are not routually inconsistent, is included within the inventive scope of
the present disclosure.

All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
meanings of the defined terms.

All references, patents and patent applications disclosed herein are incorporated by
reference with respect to the subject matter for which each is cited, which in some cases may

encompass the entirety of the document.
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The indefinite articles “a” and “an,” as used herein in the specification and 10 the
claims, uniess clearly indicated to the contrary, should be understood to mean “at least one”

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e,, elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Other elements may optionally be present other than the elements
specifically identified by the “and/or” clause, whether related or unrelated to those elements
specifically identified. Thus, as a non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as “comprising” can refer, in one
embodiment, to A only (optionally including elements other than B); in another embodiment,
to B only {optionally including elements other than A); in yvet another embodiment, to both A
and B (optionally including other elements); etc. As used herein 1n the specification and in
the claims, “or” should be understood to have the same meaning as “and/or” as defined
above. For example, when separating ttems in a list, “or” or “and/or” shall be interpreted as
being inclusive, 1.¢., the inclusion of at least one, but also including more than one, of a
number or list of elements, and, optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly one of)” or, when used 1o the
claims, “consisting of,” will refer to the inclusion of exactly one element of a number or list
of elements. In general, the term “or” as used herein shall only be interpreted as indicating
exclustve alternatives {i.e. “one or the other but not both”) when preceded by terms of
exclusivity, such as “either,” “one of,” “only one of,” or “exactly one of” “Consisting
essentially of,” when used in the claims, shall have its ordinary meaning as used in the field
of patent law.

As used herein in the specification and 1o the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of elements, but not necessarily
including at least one of each and every element specifically listed within the list of elements
and not excluding any combinations of elernents in the list of elements. This definition also
allows that elements may optionally be present other than the elements specifically identified
within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, “at least

one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently “at least one of A
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and/or B”) can refer, in one embodiment, to at least one, optionally including more than one,
A, with no B present (and optionally including elements other than B); in another
embodiment, to at least one, optiovally including more than one, B, with no A present (and
optionally inchuding elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least ove, optionally including more than one,
B (and optionally including other elements); etc. Each possibility represents a separate
embodiment of the present invention.

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order tn which the steps or acts of the method
are recited.

in the claims, as well as in the specification above, all transttional phrases such as
“comprsing,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.¢., 10 mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the United

States Patent Oftice Manual of Patent Examining Procedures, Section 2111.03.
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What is claimed is:
CLAIMS
L. A method for sequentially delivering lipid nanoparticles (LNPs) encapsulating

a nucleic acid encoding a protein to a subject by subcutanecus administration in order to
produce therapeutically effective amounts of the protein in response to subsequent doses of
the LNP, the method comprising:

administering a first dose of LNPs to the subject to produce a therapeutically effective
amount of the protein, and

subcutaneously administering two or more subsequent doses of LNPs to the subject,
wherein the subject does not have an immune response that promotes accelerated blood
clearance {(ABC) and/or anti-drug antibody (ADA) to the two or more subsequent doses of
LNPs and wherein the subject recetves an effective amount of the protein for treating a

disease, wherein sequential doses are administered within three weeks of one another.

2, The method of claim 1, wherein a first dose is administered intravencusly.
3. The method of claim 1, wherein a first dose is administered subcutanecusly.
4. The method of any one of claims 1-3, wherein a second dose is administered

intravenously before the two or more subsequent doses of LNPs are administered

subcutaneously.

5. The method of claim 4, wherein a third dose is administered intravenously

betore the two or more subsequent doses of LNPs are administered subcutaneously.

6. The method of claim 5, wherein a fourth - sixth dose is administered
intravenously before the two or more subsequent doses of LNPs are administered

subcutaneously.

7. The method of any one of claims 1-6, wherein three subsequent doses of ENPs

are administered subcutaneously.
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8. The method of any one of claims 1-6, wherein 4-0 subsequent doses of LNPs
are administered subcutaneously.
S. The method of any one of claims 1-8, wherein sequential doses are

administered within two weeks of one another,

10.  The method of any one of claims 1-8, wherein sequential doses are

administered within one day to one month of one another.

i1 The method of any one of claims 1-10, wherein the protein is a secreted
protein.

12. The method of any one of claims 1-10, wherein the protein is an intraceliular
protein.

13. The method of any one of claims 1-10, wherein the protein 15 a transmembrane
protein.

14. The method of claim 1, wherein the immune response involves activation of T

cells and wherein the T cells are not activated in the subject to a level which promotes ADA.

15 The method of claim 1, wherein the LNPs comprise oleic acid or an oleic acid
analog.

16. The method of any one of claims 1-15, wherein the LNPs further comprise a
PEGylated lipid.

17. The method of claim 16, wherein the PEGylated lipid is a hydroxy-PEGylated

fipid.

18, The method of any one of claims 1 to 17, wherein the LNPs further comprise

an tonizable cationic lipid, wherein the cationic lipid is optionally Cmpd18.
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19, The method of any one of claims 1-18, wheretn the LNPs are admiunistered to
the subject at multiple doses.
20. The method of any one of claims 1-19, wherein the nucleic acid is an mRNA

encoding the protein, wherein the mRNA comprises at least one microRNA binding site for a

microRNA expressed in immune cells.

21 The method of claim 20, wherein the mRNA having at least one microRNA

binding site causes unwanted immune cell activation to be reduced or inhibited in the subject.

22, The method of claim 20, wherein the mRNA is chemically modified mRNA.

23. The method of claim 21, wherein immune cell activation 1s decreased by at

least 25% or 50%.

24, The method of claim 21, wherein immune cell activation is decreased without

a corresponding decrease in expression of the protein encoded by the mRNA.

25. The method of claim 24, wherein the mRNA comprises pseudouridine (y),
pseudouridine () and S-methyl-cytidine (m5C), 1-methyl-pseudouridine (mly), I-methyl-
pseudouridine (mw) and S-methyl-cytidine (m5C), 2-thicurnidine (32U}, 2-thiouridine and 5-
methyl-cytidine (mSC), S-methoxy-uridine (mo5U), S-methoxy-uridine (mo5U) and 5-
methyl-cytidine (m3C), 2°-O-methyl uridine, 2°-O-methyl uridine and S-methyl-cytidine
{(m5C), No-methyl-adenosine (m6A), No-methyl-adenosine {m6A) and S-methyl-cytidine
{(mSC), pseudouridine (y), Nl-methylpseudounidine (m ly), 2-thiouridine, 4’ -thiouridine, 5-
methylcytosine, 2-thio-1-methyi-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-
thio-5-aza-uridine , 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-
pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-
pseudouridine, 4-thio-pseudouridine, S-aza-uridine, dihydropseudouridine, S-methoxyuridine,

or 27-0O-methyl uridine, or combinations thereof.
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26, The method of claim 20, wherein the microRNA binding site is a miR-120
microRNA binding site, a miR-142 microRNA binding site, or a miR-155 microRNA

binding site.

27. The method of any one of claims 1-26, wherein the protein is a therapeutic

protein, cytokine, growth factor, antibody or fusion protein.

28. The method of claim 20, wherein the mRNA comprises at feast two

microRNA binding sites.

29, The method of claim 20, wherein at least one of the microRNA binding sites is

a miR-120 microRNA binding site.

30, The method of claim 20, wherein the mRNA comprises a miR-~126 binding
site and a second microRNA binding site for a miR selected from the group consisting of
miR-142-3p, miR-142-5p, miR-146-3p, miR-146-5p, miR-~155, miR-16, muR-21, miR-223,
miR-24 and miR-27.

31 The method of claim 20, wherein the mRNA comprises a miR-126 binding

site and a miR-142 binding site.

32. The method of claim 20, wherein the mRNA comprises at least three

microRNA binding sites,

33, The method of claim 32, wherein at least one of the microRNA binding sites is

a miR-120 microRNA binding site.

34. The method of claim 20, wherein the chemically modified mRNA comprises a
miR-126 binding site and a second microRNA binding site for a miR selected trom the group
consisting of miR-142-3p, miR-142-5p, miR-146-3p, miR-146-5p, miR-155, miR-16, miR-
21, miR-223, miR-24 and miR-27.
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35. The method of claim 20, wherein the mRNA comprises at feast four
microRNA binding sites.
36. The method of claim 20, wherein the mRNA comprises a miR-126 binding

site, a miR-~142-3p binding site, a miR-~-142-5p binding site, and a miR-~155 binding site.

37 The method of claim 20, wherein the codon optimized open reading trame
encoding the protein comprises a stop codon and wherein the at least one microRNA binding

site 18 located within the 3° UTR 1-100 nucleotides after the stop codon.

38. The method of claim 20, wherein the codon optimized open reading frame
encoding the polypeptide of interest comprises a stop codon and wherein the at least one
microRNA binding site 1s located within the 3 UTR at least 50 nucleotides after the stop

codon.

39, A method in a subject of increasing a therapeutic index of a therapeutic
regimen involving lipid nanoparticle (LNP)-mediated nucleic acid drug delivery, by
subcutaneously administering LNPs coruprising a nucleic acid encoding a protein to the
subject in multiple doses, each dose sequentially administered within three weeks of another
dose, wherein the LNPs do not induce an immune response associated with reduced protein
expression, such that an increased therapeutic index of the therapeutic regimen 1s achieved
relative to administration of an LNP comprising a nucleic acid encoding a protein that

induces an immune response associated with reduced protein expression.

49. A method comprising

(1) administering a first dose of an LNP comprising a polynucleotide encoding a
therapeutic protein to a subject intravenously,

(i1} administering a second or subsequent dose of the therapeutic protein {or an LNP
comprising a polynucleotide encoding the therapeutic protein) to the subject via a non-IV
route, (optionally, the second or subsequent dose 1s administered within 2 weeks of the first
or prior dose), and

(111) repeating step {ii} one or more times,
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wherein the agent is optionally formulated with an LNP that does not promote ABC and/or

ADA.

41. A method comprising:

(1) adnunistering a first dose of an LNP comprising a polynuclectide encoding an
intracetlular protein to a subject,

(1) administering a second or subsequent dose of the intraceltular protein (or an LNP
comprising a polynuciectide encoding the intracellular protein) to the subject via a non-IV
route, {optionally, the second or subsequent dose 15 administered within two to three weeks of
the first or prior dose), and

(ii1) repeating step (it} one or more imes,
wherein the agent is optionally formulated with an LNP that does not promote ABC and/or

ADA.

42 A method for delivering an agent to a subject comprising:

(1) administering a first dose of an agent comprising an LNP formulated
polynuclectide encoding a therapeutic protein to a subject intravenously,

(11} administering a second or subsequent dose of the agent to the subject, wherein the
second or subsequent dose is administered within 2 to 3 weeks of the first or prior dose, and

(ii1) repeating step (it} one or more times,
wherein the half-life of the agent after the second and subsequent dose is at least 50%, 60%,

70%, 80%, 85%, 90%, 95% or more of the half-life of the agent after the first dose.

43, A method for delivering an agent to a subject comprising

(1) administering a first dose of an agent comprising an LNP formulated
polynuclectide encoding an intracellular protein to a subject,

(11} administering a second or subsequent dose of a therapeutic protein or
polvnuclectide encoding the therapeutic protein to the subject, wherein the second or
subsequent dose 1s administered within 2 to 3 weeks of the first or prior dose, and

(iii} repeating step (it} one or more times,
wherein the half-life of the agent after the second and subsequent dose is at least 50%, 60%,

70%, 80%, 85%, 90%, 95% or more of the half-life of the agent after the first dose.
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44, A method for delivering an agent to a subject comprising:

(1) administering a first dose of an agent comprising an LNP formulated
polynucieotide encoding a therapeutic protein to a subject intravenously,

(i1} administering a second or subsequent dose of the agent to the subject, wherein the
second or subsequent dose 1s administered within 2 to 3 weeks of the first or prior dose, and

(1i1) repeating step (it} one or more times,
wherein the activity or blood concentration of the agent after the second and subsequent dose
is at least 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the activity or blood

concentration of the agent after the first dose.

45. A method for delivering an agent to a subject comprising

(1) administering a first dose of an agent comprising an LNP formulated
polynucleotide encoding an intracellular protein to a subject to a subject,

(it} administering a second or subsequent dose of a therapeutic protein or
polvnuclectide encoding the therapeutic protein to the subject, wherein the second or
subsequent dose 15 administered within 2 weeks of the first or prior dose, and

(iii} repeating step (it} one or more times,
wherein the activity or blood concentration of the agent after the second and subsequent dose
is at least 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the activity or blood

concentration of the agent after the first dose.

46 The method of any of claims 40-45, wherein the second or subsequent dose of

the agent is the same agent as the first agent administered.

47, The method of any of claims 40-45, wheretn the second or subsequent dose of

the agent is a different agent than the first agent administered.

48.  The method of any of claims 40-45, wherein the second or subsequent dose of

the agent 15 a polynucleotide encoding an intracellular protein.

49 The method of any of claims 40-45, wherein the second or subsequent dose of

the agent is a therapeutic protein.
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50. A pharmaceutical composition of a subcutaneous formulation comprising a
lipid nanoparticle (LNP) comprising an ionizable cationic lipid, a PEG-lipid, a sterol, and a
helper lipid and an oRNA encoding a protein incorporated therein, wherein the mRNA
comprises at least one microRNA binding site for a microRNA expressed in immune cells,
wherein the LNP and/or roicroRNA binding site increases a therapeutic index greater than

10% relative to a chemically modified mRINA encoding a protein alone.

51.  The composition of claim 50, wherein the mRNA encodes an intraceliular

proteir.

52.  The composition of claim 51, wherein the LNP and/or microRNA binding site
reduce or inhubit unwanted immune cell activation, thereby reducing accelerated blood

clearance (ABC) and/or anti-drug antibody (ADA} and increasing the therapeutic index.

53.  The composition of claim 52, wherein the microRNA is abundant in the same

or different cell type of interest.

54.  The composition of claim 51, wherein the microRNA is abundant in multiple

cell types of interest.

55.  The composition of claim 51, wherein the mRNA comprises at least one first
microRNA binding site of a microRNA abundant in an immune cell of hematopoietic lineage
and at least one second microRNA binding site is of a microRNA abundant in endothelial

cells

56.  The composition of claim 51, wherein the mRNA comprises at least one first
microRNA binding stie of a microRNA abundant in B cells and at least one second

microRINA binding site of a microRNA abundant in endothelial cells.

57.  The composition of claim 51, wherein the mRNA comprises at least one first
microRINA binding site of a microRNA abundant in plasmacytotd dendritic cells and at least

one second microRNA binding site of a microRNA abundant in endothelial cells.
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58, The composition of claim 51, wherein the mRNA comprises multiple copies

of a first microRNA binding site and at least one copy of a second microRNA binding site.

59. The composition of claim 58, wherein the mRNA comprises 2 copies of the

first microRNA binding site.

60.  The composition of claim 51, wherein the mRNA corprises first and second

microRINA binding sites of the same microRNA.

61.  The composition of claim 60, wherein the microRNA binding sites are of the

3p and Sp arms of the same microRNA.

62.  The composition of claim 51, wherein the microRNA is selected from the
group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16,

miR-21, miR-223, miR-24, miR-27 and miR-26a.

63.  The composition of claim 51, wherein the microRNA 1s selected from the

group consisting of miR126-3p, miR-142-3p, miR-142-5p, and miR-155.

64.  The composition of claim 51, wherein at least one microRNA binding site s a

miR-126 binding site.

65. The composition of claim 51, wherein at least one microRNA binding site is a

miR-142 binding site.

60. The composition of claim 51, wherein one microRNA binding site 13 a miR-
126 binding site and the second microRNA binding site is for a microRNA selected from the
group consisting of miR-142-3p, miR-142-5p, miR-146-3p, miR-~146-5p, miR-155, miR-16,
miR-21, miR-223, miR-24 and miR-27.
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67. The composition of claim 51, comprising at least one miR-~126-3p binding site

and at ieast one miR-142-3p binding site.

68. The composition of claim 51, comprising at least one miR-142-3p binding site

and at least one 142-5p binding site.

69. The composition of claim 51, comprising at least three different microRNA

binding sites, wherein at least one of the microRNA binding sites is a miR-126 binding site.

70. The composition of claim 51, comprising at least three different microRNA

binding sites, wherein at least one of the microRNA binding sites is a miR-142 binding site.

71, The composition of claim 51, comprising at least one miR-126-3p binding
site, at Jeast one miR-142-3p, and a third microRNA binding site for a microRNA selected
from the group consisting of niR-146-3p, miR-146-5p, miR-155, muR-16, miR-21, miR-223,
miR-24 and miR-27.

72. The composition of claim 51, comprising at least one miR~126-3p binding

site, at least one miR-142-3p binding site, and at least one miR~155 binding site.

73. The composition of claim 51, comprising at least one miR-126-3p binding
site, at Jeast one miR-142-3p binding site, at least one miR-142-5p binding site, and at Jeast

one miR-155 binding site.
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