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Compositions and Methods for the Delivery of Active

Agents Including Nucleic Acids

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Application No. 63/401,113, filed

August 25, 2022, which is hereby incorporated herein by reference in its entirety.

BACKGROUND

Therapeutic nucleic acids include, e.g., small interfering RNA (siRNA), micro RNA
(miRNA}, antisense oligonucleotides, ribozymes, plasmids, and immune stimulating nucleic
acids. These nucleic acids act via a variety of mechamisms. In the case of siIRNA or miRNA,
these nucleic acids can down-regulate intracellular levels of specific proteins through a
process termed RNA interference (RNA1). Following introduction of siRNA or miRNA into
the cell cytoplasm, these double-stranded RNA constructs can bind to a protein termed
RISC. The sense strand of the siRNA or miRNA is displaced from the RISC complex
providing a teroplate within RISC that can recogoize and bind mRNA with a
complementary sequence to that of the bound siRNA or miRNA. Having bound the
complementary mRNA the RISC complex cleaves the mRNA and releases the cleaved
strands. RNA1 can provide down-regulation of specific proteins by targeting specific
destruction of the corresponding mRNA that encodes for protein synthesis,

The therapeutic applications of RNAJ are extremely broad, since siRNA and miRNA
constructs can be synthesized with any nucleotide sequence directed against a target protein.
To date, stRNA constructs have shown the ability to specifically down-regulate target
proteins in both in vitro and in vive models. In addition, siRNA constructs are currently
being evaluated in clindcal studies.

In spite of recent progress, there remains a need in the art for improved lipid-
therapeutic nucleic acid compositions that are suitable for general therapeutic use. These
compositions would, for example, encapsulate nucleic acids with high-efficiency, have high
druglipid ratios, protect the encapsulated nucleic acid from degradation and clearance in

serum, be suttable for systemic delivery, and provide intracelular delivery of the
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encapsulated nucleic acid. In addition, these lipid-nucleic acid particles should be well-
tolerated and provide an adequate therapeutic index, such that patient treatment at an
etfective dose of the nucleic acid 1s not associated with significant toxicity and/or risk to the

patient.

SUMMARY

Lipid nanoparticles (LINPs) have been shown to be effective delivery vehicles of
mRNA, as shown by the successes of mRNA-based COVID-19 vaccings developed by
BioNTech and Moderna. However, the intramuscular delivery of the LNP using current
formulations results in systemic gene expression, which is related to rare but significant
adverse effects such as myocarditis.

LNP compositions, referred to as QTsomes, combine a quaternary-amine lipid with
a tertiary~-amine lipid in the blend of lipids forming the LNP. When investigated previously,
(QTsomes showed excellent activity 1o anti-miR delivery and antisense oligo delivery.
However, these LNP compositions were not optimized for intramuscular mRNA delivery.

Herein, key formulation parameters were examined and improved QTsome
compositions were identified. These LNP compositions can exhibit superior intramuscular
mRNA delivery efficiency. In some embodiments, these LNP compositions can exhibit
systemic
gene exXpression.

Through investigation, certain parameters for QTsome design were uncovered. For
exaruple, the presence of a cationic lipid (e g, a guaternary amine-coutaining lipid such as
DOTAP) in the LNP generally reduces systemic gene expression. Increasing percentages of
cationic hipid {e.g., DOTAP) in the LNP generally reduces systemic gene expression
significantly. At relatively high mole% cationic lipid {e.g., 5-8% DOTAP), muscular gene
expression 1s reduced along with systemic expression. At relatively low mole% cationic
fipid{e.g., 1.5 - 3% DOTAP), muscular gene expression is not significantly diminished;
however, systemic gene expression 1s diminished. This suggests that a relatively low
mole¥ cationic lipid (e.g., from 0.5 mol % to 3.5 mol %, or from 1.5 mol % 10 3.0 mol %
cationic lipid} is unexpectedily beneficial for achieving high intramuscular mRNA vaccine

delivery without inducing side effects associated with systemic delivery, such as
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myocarditis. This (s a key advantage with high potential impact for developing vext
generation of mRNA vaccines.

Io the case of helper lipids, 1t was also discovered that DOPE was better than DSPC
or DOPC for activity. Accordingly, in some embodiments, the LNPs described herein can
comprise DOPE as a helper lipid.

It was also discovered that the preparation of LNPs at elevated temperature resulted
in a dramatic loss of gene expression. Accordingly, in some embodiments, the LNP
compositions described herein can be prepared at temperatures below 05°C {e.g., below
60°C, below 55°C, below S0°C, below 45°C, below 40°C, below 35°C, or below 30°C,
below 25°C, or below 20°C).

It was also discovered that a 2-step mixing process in which the ethanol content of
the hipid side ts approxamately 25% at the point of muxing resulted 1n superior LNP delivery
efficiency relative to a single step 1.3 volume mixing, which has been standard practice in
the LNP field. Accordingly, in some embodiments, the LNP compositions described herein
can be prepared using a 2-step mixing process in which the ethanol content of the lipid side
15 approximately 25% at the point of mixing.

it was also discovered that ionizable hipid A066 improved mRNA delivery
Accordingly, in some embodiments, the LNPs described herein can comprise A066. In
some embodiments, AG66 can be used in place of other ionizable lipids, such as SM-102.

It was also discovered that the addition of a cationic lipid {e.g., a quaternary amine-
countaining lipid such as DOTAP) changes the apparent pKa of the romzable lipid, as
determined by a TINS pKa assay. As a result, the addition of a cationic lipid{(e.g., a
quaternary amune-containing Hipid such as DOTAP) can be used to fine-tune the apparent
pKa value of LNPs to optimize for local or systemic mRNA, and/or to target delivery to
certain tissues in the body.

it was also discovered that compositions comprising 1.5-3 mol% of a cationic lipid
{e.g., a quaternary amine-contaimng lipid such as DOTAP), 1.5-2 mol% of a PEGylated
fipid {e.g., mPEG-DMG}, an lonizable hipid (e.g., AD66, DODMA, MC-3, and/or SM-102},
and a helper lipid {e. g, DOPE, DSPC, and/or DOPC) were particularly suttable for nucleic
acid delivery including mRNA vaccine delivery for COVIID-19, other viruses, or cancer.

Accordingly, provided herein are pharmaceutical compositions that comprise a lipid

particle encapsulating an active agent. The lipid particle can comprise one or more cationic
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Hipids; one or more 1onizable lipids; one or more neutral lipids; and one or more PEGylated

tipids.

o some embodiments, the one or more cationic hipids and the one or more 1onizable

lipids are present in the lipid particle in amount effective to produce a pKa apparent of from

6 to 10, such as from 6 to 8§, as determined by a TNS pKa assay. The pKa apparent can be

determined by a TNS pKa assay as defined by the formula below

were

pKa apparent = pKao + k * /T

pKao represents the pKa of the ionizable lipid;

k represents an empirical constant determined by a TNS pKa assay
(3 represents the mole%s of the cationic lipid; and

T represents the roole% of the 1onuzable lipid.

In some embodiments, the one or more cationic lipids and the one or more ionizable

Hipids are present in the lipid particle in amounuts that satisty the expression below

were

6<pKas+k*Q/T<10

pKao represents the pKa of the ionizable lipid;

k represents the empirical constant determined by a TNS pKa assay
(3 represents the mole%s of the cationic lipid; and

T represents the roole% of the 1onuzable lipid.

In some embodiments, the one or more cationic lipids and the one or more ionizable

Hipids are present in the lipid particle in amounts that satisty the expression below

WeEre

6 <pKao+k*Q/T<8

pKaorepresents the pKa of the ionizable lipid;

k represents the empirical constant determined by a TINS pKa assay
(G represents the mole%e of the cationie lipid; and

T represents the mole% of the 1onizable lipid.

in some embodiments, G/T can be from greater than 0 to 1 (e.g., from greater than O

to 0.25, from greater than 0 to 0.5, from greater than 0 t0 0.75, from 0.25 t0 0.5, from .25

~

10 0.75, from 025t 1, from 0.5t0 0.7S, from 05 t0 1, or from 0.75t0 1),
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In some embodiments, the one or roore cationic lipids are present o the lipid particle
in an amount of from greater than 0 mol % to 10 mol %, based on the total components
forming the lipid patticle. o certain embodiments {e.g., for local delivery), the one or more
cationic lipids are present in the lipid particle in an amount of from 0.5 mol % to 5 mol %,
based on the total components forming the lipid particle. In certain embodiments {e.g., for
systemic delivery), the one or more cationic lipids are present in the lipid particle in an
amount of from 4 mol % to 8 mol %, based on the total components forming the lipid
particle.

In some embodiments, the one or more ionizable lipids are present in the lipid
particle in an amount of from 20 mol % to 65 mol %, based on the total components
forming the lipid particle.

o some embodiments, the one or more neutral lipids are present in the lipid partticle
in an amount of from 35 mol % to 80 mal %, based on the total components forming the
lipid particle.

In some embodiments, the one or more PEGylated fipids are present in the lipid
particle in an amount of from greater than 0 mol % to 5 mol %, based on the total
components forming the lipid particle.

Also provided are pharmaceutical compositions comprising a lipid particle
encapsulating an active agent, the lipid particle comprising: from greater than 0 mof % to 10
mol % {e.g., from 0.5 mol % to 10 mol %) one or more cationic lipids; from 20 mol % to 65
mol % one or more ionizable hipids; from 35 mol % to 80 mol %6 one or more neutral lipids;
and from greater than 0 mol % to 5 mol % one or more PEGvlated lipids.

In certain embodiments (e g., for local delivery), the one or more cationic ipids are
present in the lipid particle in an amount of from 0.5 mol % 10 3.5 mol %, based on the total
components forming the lipid particle. In certain emabodiments {e.g., for systemic delivery),
the one ot more cationic lipids are present in the hipid particle in an amount of from 4 mol
% to 8 mol %, based on the total components forming the lipid particle.

In some embodiments, the one or more tonizable lipids are present in the lipid
particle in an amount of from 30 mol % to 50 mol %, based on the total components
forming the lipid particle.

In some embodiments, the one or more neutral lipids are present in the lipid particle
in an arsount of from 30 mol % to 50 mol % of the total components forming the ipid

particle.

(¥4



i

10

20

25

30

WO 2024/044370 PCT/US2023/031171

In some embodiments, the one or more PEGylated lipids are present in the lipid
particle in an amount of from 0.5 mol % to 3 mol % of the total components forming the
fipid particle.

In some cases, the one or more ionizable lipids comprise a lipid headgroup
comprising a tertiary aming. In some examples, the one or more ionizable lipids comprise
N, N-dimethyi-2,3-dioleyloxypropylamine (DODMA), [(4-
hydroxybutylyazanediyl jdithexane-6, 1 -diylbis(2-hexyldecanoate} (ALC-0315), 9-
heptadecany! &-{{Z-hydroxyethy}[6-oxo-6-{undecyloxyhexyljamino toctancate {(SM-102),
DLin-MC3-DMA, DLin-KC2-DMA, 1-(2,3-bis{{{9Z,122}-octadeca-9,12-dien-1 -
yhoxypropylipyrrolidine (A066), or any combination thereof

In some examples, the one or more neutral lipids comprise
dipalmitoyiphosphatidylcholine (DPPC), dicleoylphosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidyicholine (POPC), egg phosphatidyicholine (EPC),
distearoylphosphatidyicholine (DSPC), cholesterol, or any combivation thereof

In some examples, the one or more PEGylated lipids comprise a PEG-
ditetradecylacetamide, a PEG-myristoyl diglyceride, a PEG-diacyiglycerol, a PEG
dialkyvioxypropyl, a PEG-phospholipid, a PEG-ceramide, or any combinations thereof.

In some cases, the one or more cationic liptds comprise a hipid headgroup
comprising a quaternary amine. In some examples, the one or more cationic lipids comprise
DOTMA: [1-(2,3-sicleyloxy propy D -IN, N, N-trimethylammonium chioride, DMRIE, di-
Cl4-amidive, BDOTIM, SAINT, BC-Chol, BGTC, CTAP, BOPC, DODAP, DOPE: Dioleyl
phosphatidylethanol-amine, DOSPA (2 3-dioleyloxy-N-{2-{(spermine carboxamidojethyl]-
N N-dimethyl-1-propanaminium trifluoroacetate), DORIE (N-[1-(2,3-dioleyloxypropyi)}-
N, N-dimethyl-N-hydroxyethyvlammonium bromide}, DODAB, BOIC, DMEPC, DOGS:
Dioctadecylamidoglicylspernun, DIMRI Dirnyristooxypropyl dimethyl hvdroxyethyl
ammonium bromide, BOTAP: dioleoyloxy-3-(trimethylammonicipropane, DC-6-14: (3,0-
ditetradecanoyl-N- alpha -trimethylammonioacetyl diethanolamine chloride, CLIP 1. rac-
1{2,3-dioctadecyloxypropy ) 2-hydroxyethyh -dimethylammonium chloride, CLIPG: rac-
122, 3-dihexadecyloxypropyloxymethyloxy jethyl-trimethylammonium, CLIPY: rac-[2(23-
dibexadecyloxypropyloxysuccinyloxy)ethyl Mrimethylammonium, oligofectamine, lipids
described in U.S. Patent No. 5,049,386, N-[1-(2,3-diolevioxypropyl}}-N,N-dimethyl-N-
hydroxyethylammonium broroide (DORIE), 2,3-dioleyloxy-N-[2-(spermine
carboxamido)ethyl}-N N-dimethyl-1-propanaminium triflucroacetate (DOSPA), and the

6
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hike as disclosed 1n International Publication Nos. WO91/16024 and WO97/01967S;
DLinDMA and the like as disclosed in International Publication No. W(2005/121348; and
DLin-K-DMA and the like as disclosed in International Publication No. WO2009/086558;
and (3R 4R }-3 4-bis((Z}-Hexadec-9-enyloxy)-1-methylpyrrolidine, and N-Methyl-N N-
bis(2-{({Z)-octadec-6-envloxy Jethylyarnine and the like as disclosed in Tnternational
Publication No. WO2Z011/13636, or any combination thereof,

The lipid particles can have an average diameter of less than 1 micron, such as from
from 30 nm to 750 nm, 3¢ nm to 250 nm, from 50 am to 200 am, from 50 nm to 150 nm, or
from 5O o to 100 nmm. The lipid particles can have a polydispersity index (PDI) of less
than 0.4,

The active agent encapsulated in the lipid particles can comprise any suitable active
agent, such as a sroall molecule therapeutic agent, a diagnostic agent, a peptide, a protein,
an antibody, or a nucleic acid. In certain embodiments, the active agent can comprise a
nucleic acid, such as siRNA, mRNA, or any combination thereof.

The compositions described herein can be used to deliver one or more active agents
to cells (e.g., in vivo, ex vivo, or in vitro). Accordingly, provided herein are method of
delivering an active agent to a cell {e.g., in vivo, ex vivo, ot in vitro) that comprise
contacting the cell with a composition described herein. Also provided are methods for in
vive delivery of an active agent 10 a cell, said method comprising adminisiering to a
mammalian subject (2.g., a human) a composition described herein. In some embodiments,
the administration can comprise systemic administration {e.g., intravenous injection or
infusion).

Also provided are methods of systemically administering an active agent to a subject
in need thereof. These methods can comprise intraveneously injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from 0.5 mol % to 8 mol % one or more cationic lipids; from 20 mol % to 65
mol % one or more ionizable lipids; from 35 mol % to 80 mol % one or more neutral Lipids;
and from greater than 0 mol % to S mol % one or more PEGvlated lipids. In some cases,
the active agent can comprise an anticancer agent.

Also provided are methods of administering an active agent to a liver of a subject.
These methods can comprise intraveneously injecting a pharmaceutical composition
comprising a Hpid particle encapsulating the active agent, the lipid particle comprising:
from 0.5 mol % to 3 mol % one or more cationic lipids; from 20 mol % to 65 mol % one or

=y
Ji
i
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more iomzable hipids; from 35 mol %% to 80 mol %6 one or more neutral lipids; and from
greater than O mol % to 5 mol % one or more PEGylated lipids. In some cases, the active
agent can comprise an anticancer agent, such as an active agent for the treatmoent of liver
cancer.

Also provided are methods of administering an active agent to a solid tumorin a
subject. These methods can comprise intraveneously injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from 3 mol % to 6 mol % one or more cationic lipids; from 20 mol % to 65 mol
% one or more tonizable lipids; from 35 mol % to 80 mol % one or more neutral lipids; and
from greater than 0 mol % to 5 mol % one or more PEGylated lipids. To some cases, the
active agent can comprise an anticancer agent. These methods can selectively target the
{ipid particles to the turor neovasculature.

Also provided are methods of administering an active agent to a lung of a subject.
These methods can comprise intraveneously injecting a pharmaceutical composition
comprising a lipid particle encapsulating the active agent, the lipid particle comprising:
from 6 mol % to 10 mol % one or more cationic lipids; from 20 mol % to 65 mol % one or
more ionizable lipids; from 35 mol % to 80 mol % one or more neutral lipids; and from
greater than O mol % to 5 mol % one or more PEGylated lipids. In some cases, the active
agent can comprise an anticancer agent, such as an active agent for the treatment of lung
cancer.

Also provided are wethods of locally administering an active agent to a subjectin
need thereof. These methods can compris intramuscularly injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from greater than 0 mol % to 5 mol % one or more cationic lipids; from 20 mol
% to 65 mol % one or more 1onizable lipids; from 35 mol % to 80 mol % one or more
neutral lipids; and from greater than 0 mol % 10 5 mol % one or more PEGylated lipids. In
some cases, the active agent can comprise a nucleic acid {e.g, siRNA, mRNA, or any

combination thereof}. In some cases, the active agent can comprise a vaccine,

DESCRIPTION OF DRAWINGS
Figures TA-1G are plots summarizing efforts to optimize cationic lipids (Figures
FA-1C), ionizable lipids (Figure 1D), helper hipids (Figure 1E), formulation procedures
(Figure 1F), and temperature control (Figure 1G) for QTsome-based mRNA delivery. One-

way ANOVAL * p<0.05, ** p<0.01, *** p<0.001.
8
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Figures 2A-2C show the results of particle characterization of QTPlus-AM21.
Figure 2A shows the particle sizes for QTsome Original or QTPlus encapsulating AMZ1.
Figure 2B shows a cryo-EM image for QTPlus-AM21. Figure 2C shows the 1% Agarose
gel electrophoresis of QTPlus-AMZ1 with different nitrogen-to-phosphate (N/P) ratio.

Figures 3A-3B show miR-21 downstream gene regulation by 16-mer and 20-mer
AM21 in free solution (Figure 3A) and QTPlus (Figure 3B).

Figures 4A-4C compare 16-mer and 20-mer AM21 in QTPlus-AM21 formulation
{(Figure 4A} and tumor growth inhibition in vitro (Figures 4B and 4C).

Figures 5A-5C illustrate the ability of AM21 (Figure 5B) and QTsome Original or
QTPlus-AM2 1 (Figure 5C) to regulate muR-21 dowustream genes (Figure SA).

Figures 6A-0B demonstrate that QTPlus-AM21 showed superior tumor growth
inhibition tn vitro compared with free AM2 1.

Figure 6C is a plot demonstrating that QTPlus-AM21 sensitized A549 to erlotinib
chemotherapy.

Figure 7 1s a plot showing the acute cytotoxicity of QTPlus-AM21.

Figures 8A-8D show PTEN and EGFR expression in AS49 tumor model treated
with (JTPlus-AMZ1 and erfotinib in vitro (Figures BA and 8B) and in vivo {(Figures 8C and
8D). One-way ANOVA: ¥ p<0.05, #*: p<0.01, *** p<0.001.

Figure @ is a plot showing the in vivo astitumor activity by QTsome Original-AM21
in A549 xenograft mouse model. One-way ANOVA: * p<0.05, **: p<0.01, *** p<0.001.

Figure 10 15 a plot showing the in vivo antitumor activity of QTPlus-AM21 and
erfotinib in AS549 xenograft mouse model. One-way ANOVA: * p<0.05, **: p<0.01, ##*
p<0.001.

Figures 11A-11D show that QTPlus-AMZ1 regulates PD1/PD-L1 expression in
THP-1 (Figure 11A) and RAWZ264.7 (Figure 1 1B) cell lines and induces macrophage
polarization in THP-1 (Figure 11C) and RAW264.7 (Figure 11D} cell lines.

Figure 12 shows that QTPlus-AM21 induces pro-inflammatory cyiokines and
chemokines in macrophage in viiro.

Figures 13A-13D show that QTPlus-AMZ21 regulates macrophages to inhibit tumor
growth in vitro. Figure 13 A shows that RAWZ264.7 cells treated with QTPhus-AMZ1 inhibit
wound-healing by MC38 colorectal cancer cells. Figure 138 shows that QTPlus-AM21

regulates RAW?264.7 cells to enhance apoptosis in MC38 cells. QTPlus-AM21 also induced
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macrophage proliferation (Figure 13C) and polatization to M1 population (Figure 13D
One-way ANOVA: * p<0.05, *¥: p<0.01, *** p<0.001.

Figure 14 15 a plot showing the in vivo antitumor activity of QTPlus-AM21 in MC338
syngeneic mouse model. One-way ANOVA: * p<0.05, *%: p<0.01, *** p<0.001.

Figures 15A-15D show that QTPlus-AM21 increased CD45+ umor-infiltrated
immune cells (Figures 15A and 15B) and CDB6+ M1 population (Figures 15C and 15B} in
the tumor microenvironment in vivo,

Figure 16A shows QTPlus-AM21 induced CXCL10, IFNa, and TNFa 1o spigen
HSSUES.

Figure 16B shows that QTPlus and QTPlus regulated PDU/PD-L1 expression in
Mice tmors.

Figure 16C shows that QTPlus and QTPlus regulated PD1/PD-L1T expression in
spleen tissue.

Figure 17 1s a plot showing the 1o vivo antitumor activity of QTPlus-AM21 and
atezolizumab in MC38 syngeneic mouse model. One-way ANOVA: * p<0.05, **: p<0.01,
w5 5<0.001.

Figure 18 is a schematic tllustration of a method for preparing QTsomes.

Figure 19 1s a plot showing firefly luciferase bioluminescence intensity
measurements using Bright-Glo luciferase kit on HEK293T cells after treatment with 100ng
FFLuc mRNA using QTsome+ lipid nanoparticles.

Figure 20 15 a plot of firefly luciferase bioluminescence intensity measurements
using Bright-Glo huciferase kit on HEK2937T cells after treatment with 100ng FFLuc mRNA
using (QTsome+ lipid nanoparticles.

Figures 21 A and 218 show the results of particle size analysis of firefly luciferase
mBNA-encapsulated (3 Tsome+ Hipid nanoparticles.

Figures 22A-22C show the particle sizes (Figure 22A), zeta potential analysis
(Figure 22B) and beta-galactosidase activity analysis (Figure 22C) of QTsome+ lipid
nanoparticles encapsulating beta-galactosidase mRNA.

Figure 23 15 a plot showing the results obtained using tirefly messenger RNA
encapsulated QTsomet lipid nanoparticles examined 11 AS49 NSCLC cells.

Figure 24 is a photo showing encapsulating efficiency determination by agarose gel

electrophoresis.
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Figure 25 plots the apparent pKa of FFLuc mBNA-encapsulated QTsomet lipid
nanoparticles determined by TINS Assay.

Figures 26A-26B compare tn vivo and in vitro delivery resulis obtaining using
DSPC + 1.5% DOTAP and DOPE + 1.5% DOTAP.

Figure 27 shows in vivo mRNA expression by IM injection and tmaged by IVIS
systen.

Figure 28 summarizes the results of the overall exanunation of FFLuc mRNA-
encapsulated QTsomet lipid nanoparticles in vivoe through IM injection. Bioluminescence
was exanuined by IVIS system.

Figure 29 llustrates regulation and downstream effects of the Akt signaling
pathway.

Figures 30A-30B are wntensity weighting DLS diameter measurements of empty
QTsomet (Figure 30A) and encapsulated QTsome+ (Figure 30B).

Figure 31 1s a cryo-TEM micrograph of siAktl QTsomet. QTsomet possesses a
bilamellar structure with a smooth particle curvature.

Figures 32A-32B are plots showing the effect of siRNA-Akt on different targets of
human liver cancer cell ines. Relative mRNA expression level was shown after transtection
of siRNA-Scramble and siRNA-Akt at 25nM on Hep3B, huh7, SNU387 and HepG2. Si-Akt
encapsulated by hipofectamine 3000 was normalized against sSiIRNA-Scramble encapsulated
by lipofectamine 3000, while siRINA-Akt encapsulated by QTsome+ was normalized
against siRNA-Scramble encapsulated by lipofectamine 3000

Figure 32C shows how protein expression was shown by western blot analysis to
evaluate the level of different proteins on Hep3B and huh-7. B-actin served as an internal
reference for both RT-PCR and western blot assay.

Figure 32D shows how 1L-6 and TNF-u release on human PBMCs were analyzed
via ELISA.

Figure 32 E shows how cell cycle was determined and analysis via flow cytometry.

Figures 33A-33B is a plot showing anti-tumor effect on male athymic BALB/C mice
inoculated with huh7 xenograft model. Dose were given on day 1, day4, day7 and day 10
via LV injection. The treatment starts when the tumor sizes were up to 100-150mm’ The

drug was given by LV injection every 3 days. The tumor size was suppressed efficiently by
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siRNA-Aki1 compared to notmal saline group and siRNA cirl group. Tumor size was

e . . i width?
calculated with equation: Volume = {englh = .

Figure 33C is a plot showing the body weight loss observed during the course of
treatment. There is slight body weight loss observed during the treatment in all the siRNA
groups, about 3-10%. which indicates that the vehicle used to deliver siRNA has mild
toxicity to some extent, but no more severe side effects such as dehydration, dizziness,
asthenia or ulceration were observed.

Figure 34 is a plot showing the average tumor size of CS7BL6 mice bearing MC38

cells.

DETAILED DESCRIPTION

Befinitions

Unless otherwise defined, all techoical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Methods and materials are described herein for use in the present
tnvention; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are iHustrative only and not intended to be limiting. All
publications, patent applications, patents, sequences, database eniries, and other references
mentioned herein are incorporated by reference in their entivety. In case of conflict, the
present specification, including definitions, will control.

“Aqueous solution” refers to a composition comprising in whole, or in part, water.

“Organic lipid solution” refers to a composition comprising tn whole, ot in part, an
organic solvent having a lipid. In some embodiments, the organic lipid solution can
comprise an alkanol, most preferably ethanol. In certain embodiments, the compositions
described herein can be free of organic solvents, such as ethancl.

“Lipid” refers to a group of organic compounds that are esters of fatty acids and are
characterized by being insoluble 1n water but soluble in many organic sclvents, ¢ g, fats,
oils, waxes, phospholipids, giycolipids, and steroids.

“Armphipathic lipid” comprises a lipid in which hydrophilic characteristics derive
from the presence of polar or charged groups such as carbohydrates, phosphato, carboxylic,
sutfato, amino, sulfhydryl, nitro, hydroxy and other like groups, and hydrophobic
characteristics can be conferred by the inclusion of a polar groups that include, but are not

fimited to, long chain saturated and unsaturated aliphatic hydrocarbon groups and such
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groups substituted by one or more aromatic, cycloaliphatic or heterocyclic group(s).
Examples include phospholipids, aminolipids and sphingolipids. Phospholipids include
phosphatidylcholine, phosphatidylethanolamiue, phosphatidylserine, phosphatidylinositol,
phosphatidic acid, palmitoyloleoyl phosphatidyicholine, lysophosphatidyicholine,
lysophosphatidvlethanolamine, dipalmitoylphosphatidylicholine,
dioleoyiphosphatidyicholing, distearoviphosphatidylcholine or
dilinoleovlphosphatidylcholine. Amphipathic lipids also can lack phosphorus, such as
sphingolipid, glycosphingolipid families, diacylglycerols and b-acyloxyacids.

“Anionic lipid” is any lipid that 1s negatively charged at physiclogical pH, including
phosphatidviglycerol, cardiolipin, diacylphosphatidylserine, diacylphosphatidic acid, N-
dodecanoyl! phosphatidylethanclamines, N-succinyl phosphatidylethanolamines, N-
glutaryiphosphatidyviethanolamines, lyaylphosphatidyiglycerols, and other anionic
modifving groups joined to neutral lipids.

“Cationic lipid” carry a net positive charge at a selective pH, such as physiological
pH, including N, N-diolevl-N N-dimethyiammonium chloride ("DODAC™);, N- (2,3~
dioleyloxy)propyh)-N N N-trimethylammonium chloride ("DOTMA”), N, N-distearyl-N,N-
dimethylammonium bromide ("DDAB”);, N-(2,3~dicleoyloxy)propy 3-N,N,N-
trimethylarmnmonium chloride (“DOTAP”); 3-(N— (N N'-dimethylaminoethane)-
carbamoyljcholesterol ("DC-Chol”} and N-(I,2-dimyristyloxyprop-3-y1}-N N-dimethyl-N-
hydroxyethy! ammonium bromide (“"DMRIE”). Additionally, a number of commercial
preparations of cationic lipids are available which can be used in the present invention,
These include, for example, LIPOFECTIN®, LIPOFECT AMINE®, and
TRANSFECTAM®.

Pharmaceutical Compositions

Provided hergin are pharmaceutical compositions that comprise a lipid pasticle
encapsulating an active agent. The lipid particle can comprise one or more cationic lipids;
one or more ionizable lipids; one or more neutral lipids; and one or more PEGylated lipids.

In some embodiments, the one or more cationic lipids and the one or more 1onizable
fipids are present in the lipid particle in amount effective to produce a pKa apparent of from
6 to 10, such as from 6 to 8, as determined by a TINS pKa assay. The pKa apparent can be
determined by a TNS pKa assay as defined by the formula below

pKa apparent = pKae + k * /T
13
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were
pKag represents the pKa of the ionizable lipid;
k represents an empirical constant determined by a TNS pKa assay
Q represents the mole% of the cationic lipid; and
T represents the mole% of the 1onizable lipid.
In some embodiments, the one or more cationic lipids and the one or more ionizable

tipids are present in the lipid particle in amounts that satisfy the expression below

6 <pKao +k * /T <10

were

pKag represents the pKa of the ionizable lipid;

k represents the empinical constant determined by a TNS pKa assay

() represents the mole% of the cationic lipid; and

T represents the mole%s of the ionizable hipd.

In some embodiments, the one or more cationic lipids and the one or more ionizable
tipids are present in the lipid particle in amounts that satisfy the expression below

6 <pKas+k *QFT<8

were

pKao represents the pKa of the tonizable lipd;

k represents the empirical constant determined by a TNS pKa assay

(3 represents the mole of the cattonue lipid; and

T represents the mole% of the ionizable lipid.

In some embodiments, (/T can be from greater than 0 1o 1 {e.g., from greater than 0
to 0.25, from greater than 0 to 0.5, from greater than 010 0.75, from .25 10 0.5, from .25
t0 075, from 0.25to 1, from 0.5t0 0.75, from 0.5 to 1, or from 0.75 to 1},

in some embodiments, the one or more cationic lipids are present in the lipid particle
in an amount of from greater than 0 rmol % to 10 mol %, based on the total components
forming the lipid particle. In certain embodiments (¢.g., for local delivery}, the one or more
cationic lipids are present in the lipid particle in an amount of from 0.5 mol % to S mol %,
based on the total components forming the hipid particle. In certain embodiments (e.g., for
systemic delivery), the one or more cationic lipids are present in the lipid particle in an
amount of from 4 mol % to 8 mol %, based on the total components forming the lipid
particle.

14
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In some embodiments, the one or rore ionizable lipids are present in the lipid
particle in an amount of from 20 mol % to 65 mol %, based on the total components
forming the lipid particle.

In some embodiments, the one or more neutral lipids are present in the lipid particle
in an amount of from 35 mol % to 80 mol %, based on the total components forming the
fipid particle.

In some embodiments, the one or more PEGylated lipids are present in the lipid
particle in an amount of from greater than 0 mol % to 5 mol %, based on the total
components forming the lipid particle.

Also provided are pharmaceutical compositions comprising a lipid particle
encapsulating an active agent, the lipid particle comprising: from greater than 0 mol % to 10
mol % (e.g, from 0.5 mol % to 10 mol %) one or more cationic lipids; from 20 mol % to 65
mol % one or more ionizable lipids; from 35 mol % to 80 mol % one or more neutral lipids;
and from greater than 0 mol % to S mol % one or more PEGylated hipids.

In certain embodiments {¢.g., for local delivery}, the one or more cationic Hipids are
present in the lipid particle in an amount of from 0.5 mol % t0 3.5 mol %, based on the total
components forming the lipid particle. In certain embodiments {e.g., for systemic delivery),
the one or more cationic lipids are present in the hipid particle in an amount of trom 4 mol
% 10 & mol %, based on the total components forming the lipid particle.

In some embodiments, the one or more ionizable lipids are present in the lipid
particle in an amount of from 30 mol % to 50 wol %, based on the total components
forming the lipid particle.

In some embodiments, the one or more neutral lipids are present in the hipid particle
in an amount of from 30 mol % to 50 mol % of the total components forming the lipid
particle,

in some embodiments, the one or more PEGylated lipids are present in the lipid
particle in an amount of from 0.5 mol % to 3 mol % of the total components forming the
fipid particle.

The lipid particles can have an average diameter of less than 1 micron, such as from
from 50 nm to 750 nm, 50 nm to 250 nm, from 50 nm to 200 am, from 30 nm to 150 nm, or
from 50 nm to 100 nm. The lipid particles can have a polydispersity index (PD) of less
than 0.4,

The components of these compositions are described in more detail below.

15
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lonizable Lipids

As described above, the compositions described herein can comprise one or more
ionizable lipids. An “tonizable lipid” 15 a lipid that carries a charge that is pH-dependent.
The one or more ionizable lipids in the composition described herein can comprise
ionizable cationic liptds which carry a positive or neutral carge depending on pH.

Generally, in lipid-based formulations for nucleic acid delivery, etther a cationic
tipid or an 1oruzable lipid 1s used to enable clectrostatic interaction with the negatively
charged cargo. A cationic lipid is typically defined as a lipid that carries a permanent
positive charge(s) that typically comes from a quaternary amine. Exarmples of a cationic
Hipids include BOTAP, BDOTMA, DDAB, and BODAC. In contrast, 1onizable lipids include
a chemical moiety, such as a tertiary amine(s), which is positively charged at acidic pH but
becomes uncharged at neutral to basic pH. lonizable lipids can have a pKa value ina
biotogically relevant range. However, the pKa value of such a lipid is highly dependent on
the method used to measure i, resulting v up to 3 uruts of difference in vumerical values
for the same lipid. This has been documented in a recent article by Carrasco et al.
Communications Fiology volume 4, Article number: 956 (2021},

Examples of ionizable lipids are DODMA (N, N-dimethyl-2,3-
dioleyloxypropylamine), DODAP, DLinDMA (1,2-dilinoleyloxy-3-
dimethylaminopropane), DLinsMU3DMA (dilinoleyimethyl-4-dimethylaminobutyrate),
DLinKC2ZDMA (2-dilinoleyl-4-dimethylaminoethyl-[1,31-dioxclane), ALC-0315 ({(4-
hydroxybutyDazanediylldichexane-6, 1-divlibis(2-hexyldecanoate)), SM-102 (9-
heptadecanyl &-{{2-hydroxyethyl}|6-oxo-6-(undecyloxy thexyllamine Yoctanoate), Merck-32
(sec e.g., WO 2012/018754), Acuitas-5 (see e.g, WO 2015/199952), K1L-10 {(sec e.g, US
Patent Application Publication 2012/0295832), C12-200 (see e.g., Love, K T et al, PNAS,
107: 1864 (2009)), and the like. Ionizable lipids also include those disclosed in U.S. Patent
Nos. 8,158,601, 9,593,077, 9,365,610, 9,567,296, 9,580,711, and 9,670,152, International
Publication Nos. WO 2012/018754, WO 2015/199952, WO 2019/191780, and U S Patent
Application Publication Nos. 2012/0295832, 2017/0190661 and 2017/0114010, each of
which is incorporated herein by reference in its entirety.

in some embodiments, the one or more ionizable lipids can comprise a lipid
headgroup comprising a tertiary amine. In certain embodiments, the one or more ionizable
Hipids can coroprise N, N-diroethyl-2,3~dioleyioxypropylamine (DODMA), [(4-
hydroxybutyllazanediyljdithexane-6, 1 -diyl jbis(2-hexyldecanoate} (ALC-0315}; 9-
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heptadecanyl 8-{{(2-hydroxyethyh{6-oxo-6-(undecyloxy yhexyllamino joctanoate (SM-102),
MC-3; KC-2; or any combination thereof.

o some embodiments, the one or more tomizable lipids comprise at least 20 mol %
(e.g., at least 25 mol %, at least 30 mol %, at least 35 mol %, at least 40 mol %, at least 45
mol %, at least S0 mol %, at least 55 mol %, or at least 60 mol %} of the total components
forming the lipid particle. In some embodiments, the one or more ionizable lipids comprise
6S mol % or less {e.g., 60 mol % or less, 55 mol % or less, S0 mol % or less, 45 mol % or
fess, 40 mol % or fess, 35 mol % or less, 30 mol % or less, or 25 mol % or less) of the total
components forming the lipid particle

The one or more jonizable lipids are present in the lipid particle tn an amount
ranging from any of the minimum values described above to any of the maximum values
described above. For example, in some embodiments, the one or more ionizable hipids are
present in the lipid particle in an amount of from 20 mol % to 65 mol % (e g., from 30 mol
% to 50 mol %) of the total coraponents forming the lipid patticle.

Newtral Lipids

As described above, the compositions described herein can comprise one or more
neutral lipids.

Examples of neutral lipids include phospholipids such as lecithin,
phosphatidylethanolamine, lysolecithin, lvsophosphatidylethanolamine,
phosphatidyiserine, phosphatidylinositol, sphingomyelin, egg sphingomyelin (ESM),
cephalin, cardiolipin, phosphatidic acid, cerebrosides, dicetylphosphate,
distearoylphosphatidylcholine (DSPC), dicleoylphosphatidyicholine (DOPC),

dipalmitoylphosphatidylcholine (DPPC), dioleoyiphosphatidylglycerol (DOPG),
palnitoyloleoyl-phosphatidylicholine (POPC), palmutoyloleoyl-phosphatidylethanolamine
(POPE), palmitoyloleyol-phosphatidylglycerol (POPG), dicleoyiphosphatidylethanolamine
4-(N-maleimidomethyly-cyclohexane- 1 - carboxylate (DOPE-mal}, dipalmitoyi-
phosphatidylethanolamine (DPPE), dimyristoyi- phosphatidylethanolamine (DMPE},
distearoyl-phosphatidylethanolamine (DSPE), monomethyl- phosphatidyvlethanolamine,
dimethyl-phosphatidylethanolamine, dielaidoyvi~ phosphatidylethanolamine (DEPE},
stearoyloleoyl-phosphatidyliethanolamine (SOPE), lysophosphatidylcholine,
dilinoleoylphosphatidyicholine, and mixtures thereof. Other diacylphosphatidyicholine and
diacyiphosphatidylethanclamine phospholipids can also be used. The acyl groups in these
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Hipids are preferably acyl groups derived from fatty acids having Cio- C24 carbon chains,
e.g. , lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

Additional examples of neutral lipids include sterols such as cholesterol and
derivatives thereof. Non-limiting examples of cholesterci derivatives include polar
analogues such as 5a-cholestanol, Sa-coprostanol, cholesteryl-{2'-hydroxy}-ethyl ether,
cholesteryi-(4'- hydroxy}-butyl ether, and 6-ketocholestanol; non-polar analogues such as
Sa- cholestane, cholestenone, 5a-cholestanone, Sa-cholestanone, and cholesteryl decanoate;
and mixtures thereof In preferred embodiments, the cholesterol dertvative is a polar
analogue such as cholesteryl-(4'-hydroxy }-butyl ether. Other examples of neutral lipids
include nonphosphorous containing hiptds such as, e.g, stearylamine, dodecylarmine,
hexadecylamine, acetyl palmitate, glycerol ricinoleate, hexadecyl! stearate, isopropyl
myristate, arophoteric acrylic polymers, triethanolamine-lauryl sulfate, alkyl-aryl sulfate
polyethyloxylated fatty acid amides, dioctadecyldimethyl ammonium bromide, ceramide,
and sphingomyelin.

In some embodiments, the one or more neutral lipids can comprise
dipalmitoyliphosphatidyicholine (DPPC), dioleoylphosphatidylethanolamine (DOPE},
palmitoyloleoylphosphatidyicholine (POPC), egg phosphatidylcholine (EPC),
distearoylphosphatidyicholine (DSPC), cholesterol, or any combination thereof

In some embodiments, the one or more neutral lipids comprise at least 35 mol %
{e.g., at least 40 mol %, at least 45 mol %, at least 50 mol %, at least 55 mol %, at least 60
mol %, at least 65 mol %, at least 70 mol %, or at least 75 mol %6) of the total components
forming the lipid particle. In some embodiments, the one or more neutral lipids comprise
&80 mol % orless {e.g, 75 mol % or less, 70 mol %% or less, 65 mol % or less, 60 mol % or
fess, 55 mol % or less, 50 mol % or less, 45 mol % or less, or 40 mol % or less) of the total
components forming the lipd particle

The one or more neutral lipids are present in the lipid particle in an amount ranging
from any of the minirourn values described above to any of the maximum values described
above. For example, in some embodiments, the oue or more neutral liptds are present in the
tipid particle in an amount of from 35 mol % to 80 mol %% (30 mol % to 50 mol %) of the

total components forming the liptd particle.
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PEGylated Lipids

As described above, the compositions described herein can comprise one or more
PEGylated lipids. The one or more PEGylated lipids are useful 1n that they can reduce or
prevent the aggregation of lipid particles.

PEG is a linear, water-soluble polymer of ethylene PEG repeating units with two
terminal hydroxyl groups. PEGs are classified by thewr molecular weights; and include the
following: monomethoxypolyethylene glycol (MePEG-OH), monomethoxypolvethylene
glyeol- succinate (MePEG-S}, monomethoxypolyethylene glycol-succinimidyl succinate
(MePEG-5- NHS), monomethoxypolyethyvlene glveol-amine (MePEG-NEh),
monomethoxypolyethylene glycol- tresylate (MePEG-TRES), monomethoxypolyethylene
hydroxyl group 1nstead of a terminal methoxy group { e.g ., HO-PEG-S, HO-PEG-S-NHSE,
HO-PEG-NH2}.

Examples of PEG-lipids include, but are vot limited to, PEG coupled to
diaikyioxypropyls (PEG-DDAA), PEG coupled to diacylglveerel (PEG-DAG), PEG coupled
to phospholipids such as phosphatidylethanolamine (PEG-PE), PEG conjugated to
glycerides forming a glycol, e g, |.2-dimyristoyl-sn-glycerol, methoxy-PEG glycol (PEG-
DMG), PEG conjugated to ceramides, PEG conjugated to cholesterol, or a derivative
thereof, and mixtures thereof. In some examples, the one or more PEGylated lipids can
comprise, for example, a PEG-ditetradecylacetamide, a PEG-mynistoyl diglyceride, a PEG-
diacylglycerol, a PEG dialkyloxypropyl, a PEG-phospholipid, a PEG-ceramide, or any
combinations thereof.

The PEG motety of the PEG-lipid conjugates described herein may comprise an
average molecular weight ranging from 550 Daltons to 10,000 Daltons. In certain instances,
the PEG moiety has an average molecular weight of from 750 Daltons to 5,000 Daltons
{e.g, from 1,000 Daltons to 5,000 Daltons, from 1,500 Daltons to 3,000 Daltons, from 750
Daltons to 3,000 Daltons, from 750 Daltons to 2,000 Daltons). In some embodiments, the
PEG motety has an average molecular weight of 2,000 Daltons or 750 Daltons.

In certain instances, the PEG can be optionally substituted by an alkyl, alkoxy, acyl,
or aryl group. The PEG can be conjugated directly to the liptd or may be linked to
the lipid via a linker moiety. Any linker moiety suitable for coupling the PEG to a lipid can
be used mncluding, e g., non-ester-containing linker moieties and ester-containing hnker
moieties. In one embodiment, the linker moiety is a non-ester-containing linker moiety.
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Suitable nov-ester-containing linker moteties include, but are vot himited to, amudo (-
C{O)NH-), amino (-NR- )}, carbonyl (-C(O}-}, carbamate (-NHC({O)YO-}, urea (-NHC(O)NH-
3, disulphide (-5-8-), ether (- 0-), succinyl (- (WCCHZCH2C(0)-), succinamdyl (-
NHC(OYCH2CH2C(0)NH-), ether, disulphide, as well as combinations thereof (such as a
linker containing both a carbamate linker motety and an amido linker moiety}. In some
embodiments, a carbamate linker is used to couple the PEG to the lipid. In other
embodiments, an ester-containing linker moiety can be used to couple the PEG to the lipid.
Suitable ester-containing linker moieties include, e g, carbonate (-OC(0)Y3-), succinovi,
phosphate esters (-O-(0YPOH-0-), sulfonate esters, and combinations thereof,

The terro "diacylglycerol” or "DAG" includes a compound having 2 faity acyl
chains, R* and R?, both of which have independently between 2 and 30 carbons bonded to
the 1~ and 2~position of glycerol by ester linkages. The acyl groups can be saturated or have
varying degrees of unsaturation. Suitable acyl groups include, but are not limited to, lauroyi
(C12), rmayristoyl {Cu), paloutoyl (Ci6), stearoyl (Cis), and icosoyl (C20). 1o preferred
embodiments, R and R? are the same, i e, R' and R? are both myristoyl (i.e., dimyristoyl),
R! and R? are both stearoyl (i.e., distearoyi).

The term "dialkyloxyalkyl" or "DAA" includes a compound having 2 alkyl chains, R
and R’ both of which have independently between 2 and 30 carbons. The alkyl groups can
be saturated or have varying degrees of unsaturation.

Examples of PEG-DAA conjugates include PEG-didecyloxypropyl (C10), a PEG-
difavryloxypropyl (C12), a PEG-dimyristyloxypropyl {(C14), a PEG-dipalmityloxypropyl
(C16), and PEG-distearyloxypropyl {C18). In some of these embodiments, the PEG can
have an average molecular weight of 750 or 2,000 Daltons. In certain ernbodiments, the
terminal hydroxyl group of the PEG can be substituted with a methyl group.

In addition to the foregoing, other hydrophilic polymers can be used in place of
PEG. Examples of suitable polymers that can be used in place of PEG include, but are not
himited to, polyvinylpyrrolidone, polymethyloxazoline, polyethyloxazoline,
polvhydroxypropyl methacrylamide, polymethacrylamide and polydimethylacrylamide,
polvlactic acid, polyglycolic acid, and derivatized celluloses such as
hydroxymethylceliulose or hydroxyethylcellulose.

In some embodiments, the one or more PEGylated lipids comprise greater than ¢
mol % {e.g., at teast 0.5 mol %, at least 1 mol %, at least 1.5 mol %, at least 2 mol %, at
feast 2.5 mol %, at least 3 mol %, at least 3.5 mol %, at least 4 mol %, or at least 4.5 mol %)
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of the total cornponents forming the lipid particle. In some embodunents, the oue or more
PEGvylated lipids comprise 5 mol % or less {e.g., 4.5 mol % or less, 4 mol % or less, 3.5 mol
% or less, 3 mol % or less, 2.5 mol % or less, 2 mol % or fess, 1.5 mol % or less, 1 mol %
oe less, or 0.5 mol % or less) of the total components forming the lipid particle

The one or more PEGylated lipids are present in the lipid particle in an amount
ranging from any of the minimum values described above to any of the maximum values
described above. For example, in some embodiments, the one or more PEGylated hipids are
present in the lipid particle in an amount of from greater than 0 mol % t0 5 mol % of the
total components torming the lipid particle.

Cationic Lipids

As described above, the lipid biend described herein can comprise one or more
cattonde hpids (e g, lipids bearing a guaternary aromonium motety). Exaroples of cationic
lipids include, for example, DOTMA: [1-(2 3-sicleyloxy propyli-N, N N-
irimethylarnmonium chlonde, DMRIE, di-Cl4-amidine, DOTIM, SAINT, DC-Chol,
BGTC, CTAP, DOPC, DODAP, BOPE: Dicleyl phosphatidylethanol-amine, DOSPA (23~
dioleyloxy-N-[2-(spermine carboxamidojethyl}-N N-dimethyl-1-propanaminium
trifluorcacetate}, DORIE (N-[1+(2,3-dioleyvloxypropyl }I-N,N-dimethyl-N-
hydroxyethylammonium bromide), DODAB, DOIC, DMEPC, DOGS:
Dioctadecylamidoglicylspermin, BIMRI Dimyristooxypropyl dimethyl hydroxyethyl
ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: 0,0~
ditetradecanoy!l-N- alpha. -trimethylammonioacetyldiethanolamine chloride, CLIP 1 rac-
[(2,3-dioctadecyloxypropyl X 2-hydroxyethyl)|-dimethylammonium chloride, CLIPG: rac-
[2¢2 3-dihexadecyloxypropyloxymethyloxy Jethyl -trimethylammonium, CLIPY: rac-[2¢(2.3-
dihexadecyloxypropyloxysuccinyloxy jethyl -trimethylammonium, oligofectamine, lipids
described in U.S. Patent No. 5,049 386, N-[1-(2 3-dicleyloxypropy)]-N N-dimethyl-N-
hydroxyethvlammonium bromide (BORIE), 2, 3-diolevioxy-N-[2-(spermine
carboxamidojethyl]-N N-dimethyi-1-propanaminium trifluoroacetate (DOSPA), and the
like as disclosed in International Publication Nos. W(0921/16024 and W(O97/0¢19675;
DLinDMA and the like as disclosed in International Publication No. WO2005/121348; and
DLin-K-DMA and the like as disclosed in International Publication No. WO2009/086558;
and (3R 4R }-3 4-bis((Z}-Hexadec-9-enyloxy)-1-methylpyrrolidine, and N-Methyl-N N-
bis{(2-{({Z-octadec-6-enyloxy Jethylarine and the like as disclosed in International

Publication No. WO2011/13636.
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In some embodiments, the one or oore comprise lipids comprise greater than 0 mol
% (e.g., atleast 0.5 mol %, at least 1 mol %, at least 1.5 mol %, at least 2 mol %, at least 2.5
mol %, at least 3 mol %, at feast 3.5 mol %, at least 4 mol %, atleast 4.5 mol %, atleast 5
mol %, at least 5.5 mol %, at least 6 mol %, at least 6.5 mol %, at least 7 mol %, at least 7.5
mol %, at least 8 mol %, at least 8.5 mol Y%, at least 9 mol %, or at least 9.5 mol %) of the
total components forming the lipid patticle. In some embodiments, the one or more
PEGylated lipids comprise 10 mol % or less {e.g, 9.5 mol % or less, 9 mol % or less, 8.5
mol % or less, 8 mol % or less, 7.5 mol %6 or less, 7 mol % or less, 6.3 mol % or less, 6 mol
% orless, 5.5 mol % or less, S mol % or less, 4.5 mol % or less, 4 mol % or less, 3.5 mol %
or less, 3 mol % or less, 2.5 mol % or less, 2 mol % or less, 1.5 mol % or less, 1 mol % oe
fess, or 0.5 mol % or less) of the total components forming the lipid particle

The one or more PEGylated lipids are present in the lipid particle in an aroount
ranging from any of the minimum values described above to any of the maximum values
described above. For example, 1u some embodiments, the one or more PEGylated lipids ate
present 1n the lipid particle in an amount of from greater than O mol % to 10 mol % (e.g.,
from 0.5 mol % to 10 mol %, from 0.5 mol % to 8 mol %, from 0.5 mol % to 3.5 mol %,
from 4 mol % to 8 mol %%, from 0.5 mol % to 3 mol %, from 3 mol % to 6 mol %, or from ©
mol % to 10 mol %) of the total components forming the lipid particle.

Active Agenis

As used herein, an “active agent” refers to therapeutic agents, diagnostic agents, or
prophylactic agents. As discussed herein, the therapeutic agents can be released fror the
disclosed compounds, compositions, and systems in a biclogically active form.

It is further undersiood, that as used herein, the terms “therapeutic agents” refers to
one or more therapeutic agents, active ingredients, or substances that can be used to treat a
medical condition. Therapeutic agent includes any synthetic or naturally occurring
biologically active compound or composition of matter which, when administered to an
organism (human or nonhuman animal), induces a desired pharmacologic, immunogenic,
and/or physiologic effect by local and/or systemic action. The term therefore encompasses
those compounds or chemucals traditionally regarded as drugs, vaccines, and
biopharmaceuticals including molecules such as proteins, peptides, hormones, nucleic acids,
gene constructs and the like. Examples of therapeutic agents are described in well-known
Hiterature references such as the Merck Todex (14th edition), the Physicians' Desk Reference
{64th edition), and The Pharmacological Basis of Therapeutics (12th edition}, and they
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include, without limitation, medicaments; vitamins and minerals such as essential amino
acids, calcium, iron, potassium, zine, vitamin B12, and the like; substances used for the
treatroent, prevention, diagnosis, cure or mitigation of a disease or illness; substances that
affect the structure or function of the body, or pro-drugs, which become biologically active
or more active after they have been placed 1n a physiological environment. For example, the
term “therapeutic agent” includes compounds or compositions for use in all of the major
therapeutic areas including, but not limited to, adiuvants; an antimicrobial agents (including
antibiotics, antiviral agents, antiparasitic, and anti-fungal agenis), anti-inflammatory agents
(including steroids and non-steroidal anti-inflammatory agents), anti-coagulant agents,
ophthalmic ageots, gastrointestinal drugs, auntiplatelet agents, and autiseptic agents, steroidal
agent, anti-neoplastic agent, anti-cancer agent, antigen, antibody {e.g., cetuximab, anti-
D24 antibody, panituroumab and bevacizuroab), birth control agent, progestational agent,
anti-cholinergic, nutritional agent, analgesics and analgesic combinations such as
acetaminophen, acetylsalicylic acid, and the hike; anesthetics such as lidocaine, xylocaine,
and the like, anorexics such as dexadring, phendimetrazine tarirate, and the like; anti~
eptieptics, local and general anesthetics, hypnotics, sedatives, antipsychotic agents,
neuroleptic agents, antidepressants such as isocarboxazid, amoxapine, and the like;
anxiolytics, antagonists, neuron blocking agents, anticholinergic and cholinomimetic agents,
antimuscarinic and muscarinic agents, antiparkinsonian agents, anti-Alzheimer's agents,
antiadrenergics, antiarrhythmics, antihypertensive agents, hormones such as insulin,
progestins, estrogens, corticoids, glucocorticoids, androgens, and the like;, and nuirients,
antiarthritics such as methylprednisclone, ibuprofen, and the like; antiasthmatics such as
terbutaline sulfate, theophyliline, ephedrine, and the like; anticonvulsants such as phenyloin
sodium, diazepam, and the like; antiailergenics, antihistamines such as diphenhydramine
HC, chlorpheniramine maleate, and the like; antinauseants, antineoplastics, antiprunitics,
antipyretics; antispasmodics such as belladonna alkaloids, dicyclomine hydrochloride, and
the like; cardiovascular agents such as prazosin HCL nitroglycerin, propranotel HCIL
hydralazine HCI, pancrelipase, succinic acid dehydrogenase, and the like; vasoactive agent,
cardiovascular preparations {(including calcium channel blockers, beta-blockers, beta-
agonists and antiarrythmics), antithypertensives, diuretics such as furosemide,
spironclactone, and the like; vasodilators; central nervous system stimulants; cough and
cold preparations; decongestants; diagnostics; bone growth stimulants and bone resorption
inhibitors; muscle relaxants; psychostimulants; sedatives; tranquilizers such as thorazine,
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diazepam, chlorpromazine HCL reserpine, chlordiazepoxide HCL and the like; antiulcer
drugs such as rantidine HCI, cimetidine HCI, and the like; anti-asthmatic agents, anti-
diartheals, anti-obesity agents, anti-thrombotic agents, anti-tussive agents, anti-uricemic
agents, anti-anginal agents, appetite suppressants, expectorants, hyperglycemic agents,
hypoglycemic agents, thyroid and anti-thyroid agents, tissue growth agents, uterine
relaxants, immunomodulator, including, for example, cytokines, interleukins, interferon,
colony stimulating factor, tumor necrosis factor, and the like; immunosuppressants such as
rapamycin, tacrolimus, and the like; immunological agent; antigens, factors, growth factors,
aming acids, peptides and proteins and fragments thereof (whether naturally occurring,
chervically synthesized or recombinantly produced) such as LHRH, somatostatio,
calcitonin, growth hormone, glucagon-like peptides, growth releasing factor, angictensin,
FSH, EGF, boue morphogenic protein (BMP), erythopoeitin (EPO), interferon, interleukin,
coliagen, fibrinogen, insulin, Factor VII, Factor IX, Enbrel®, Rituxam®, Herceptin®,
alpha-ghicosidase, Cerazvme/Ceredose®, vasopressin, ACTH, human serum albumin,
gamma globulin, structural proteins, blood product proteins, complex proteins, antigens or
antigenic polypeptides, enzymes, antibodies, monoclonal antibodies, and the like; and
nucleic acid molecules {polymeric forms of two or more nucleotides, polynuclectides, either
ribonucieotides (RNA) or deoxyribonucieotides {DNA) including both double- and single-
stranded molecules, gene constructs, expression vectors, antisense molecules and the like),
small molecules {e.g., doxorubicin} and other biologically active macromolecules such as,
for example, proteins and enzymes. The agent may be a biclogically active agent used o
medical, including veterinary, applications and in agriculture, such as with plants, as well as
other areas. In certain embodiments of the present disclosure, the agent to be delivered may
be a mixture of active agents.

Representative examples of antibiotics include anukacin, amoxicillin, ampicillin,
atovaquone, azithromycin, azireonam, bacitracin, carbenicillin, cefadroxil, cefazolin,
cefdinir, cefditoren, cefepime, cefiderocol, cefoperazone, cefotetan, cefoxitin, cefotaxame,
cefpodoxime, cefprozil, ceftaroline, ceftazidime, ceftibuten, ceftizoxime, ceftriaxone,
chloramphenicol, colistimethate, ceturoxime, cephalexin, cephradine, cilastatin, cinoxacin,
ciprofloxacin, clarithromyein, clindamyein, dalbavancin, daltopristin, daptomycin,
demeclocycline, dicloxacillin, doripenem, doxyeycline, eravacyeline, ertapenem,
erythromycin, fidaxomicin, fosfomycin, gatifloxacin, gemifloxacin, gentamicio, imipenern,
fefamulin, lincomycin, linezolid, lomefloxacin, loracarbef, meropenem, metronidazole,
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minocycline, moxifloxacin, nafcilling nalidixic acid, neomycin, norfloxacin, ofloxacin,
omadacycline, oritavancin, oxacillin, oxytetracycline, paromomycin, penicillin,
pentamidine, piperacillin, plazoricin, quinupristin, rifaximin, sarecycline, secnidazole,
sparfioxacin, spectinomycin, sulfamethoxazole, sulfisoxazole, tedizolid, telavancin,
tehithromyein, ticarcillin, tigecychine, tobramycin, trimethoprim, trovafloxacin, and
Vaneomycin.

Representative examples of antiviral agents include, but are not limited to, abacavir,
acyclovir, adefovir, amantadine, amprenavir, atazanavir, balavir, baloxavir marboxil,
boceprevir, cidofovir, cobicistat, daclatasvir, darunavir, delavirdine, didanosine, docasanol,
dolutegravir, doravirine, ecoliever, edoxudine, efavirenz, elvitegravir, emtricitabine,
enfuvirtide, entecavir, etravirine, famciclovir, fomivirsen, fosamprenavir, forscarnet,
fosnonet, famceiclovir, favipravir, fomivirsen, foscavir, ganciclovir, ibacitabine, idoxuridine,
indinavir, inosine, inosine prancbex, interferon type [, interferon type 1, interferon type HY,
lamivudine, letermovir, letermovir, topinavir, loviride, maraviroc, methisazone,
moroxydine, nelfinavir, nevirapine, nitazoxanide, oseltamivir, peginterferon alfa-2a,
peginterferon alta-2b, penciclovir, peramivir, pleconarl, podophyllotoxin, pyramidine,
raliegravir, remdesevir, ribavirin, rilpiviring, rimantadine, rintatolimod, molnupiravir,
ritonavir, saquinavir, simeprevir, sofoshuvir, stavudine, tarabivirin, telaprevir, telbivudine,
tenofovir alatenamide, tenofovir disoproxi], tenotovir, tipranavir, trifluridine, trizivir,
tromantadine, umifenovir, valaciclovir, valganciclovir, vidarabine, zalcitabine, zanamivir,
and zidovudine.

Representative examples of anticoagulant agents include, but are not limited to,
heparin, warfarin, rivaroxaban, dabigatran, apixaban, edoxaban, enoxaparin, and
fondaparinux.

Representative exarples of antiplatelet agents include, but are not hinuted to,
clopidogrel, ticagrelor, prasugrel, dipyridamole, dipyridamole/aspirin, ticloptdine, and
eptifibatide.

Representative examples of antifungal agents include, but are not limited to,
voriconazole, itraconazole, posaconazole, thuconazole, ketoconazole, clotrimazole,
tsavuconazonium, miconazole, caspofungin, anidulafungin, micafungin, griseotulvig,
terbinafine, flucytosine, terbinafine, nystatin, and amphotericin b,

Representative examples of sterordal anti-inflammatory agents include, but are not
limited to, hvdrocortisone, dexamethasone, prednisclone, prednisone, triameinolone,
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methyipredunisolone, budesouide, betamethasone, cortisone, and deflazacort. Representative
examples of non-steroidal anti-inflammatory drugs include ibuprofen, naproxen,
ketoprofen, tolmetin, etodolac, fenoprofen, flurbiprofen, diclofenac, piroxicam,
indomethacin, sulindax, meloxicam, nabumetone, oxaprozin, mefenamic actd, and
diflunisal.

Other examples of active agents include chloroquine, hydrochloroquine, Pyridoxal
phosphate, Vitamin D, and Vitamin C.

Representative examples of anticytokine or immunomodulatory agents, but are not
himited to, tocthizumab, sarilumab, bevacizumab, fingolimod, imigquimeod, and eculizumab.

Immounotherapeutic agent can include but are vot himited to an anti-CD40 antibody,
an anti-PDL1 antibody (e g, atezolizumab, durvalumab, or avelumab}, an anti-PD1
antibody, an anti-CTLA4 antibody, prograromed death protein 1 (PD-1) inhibitor or
programmed death protein ligand 1 or 2 inhibitor include, {e.g., nivolumab (BMS),
pembrolizumab (Merck), prdilizumab (CureTech/Teva), AMP-244 (Amphimmune/GSK),
BMS-936559 (BMS), and MEDI4736 (Roche/Genentech)),or a combination thereof.

Representative exarmples of contraceptives include, but are not limited to,
progestins, estrogens, or any combination thereof. For example, suitable progestins include,
but are not limited to, natural and synthetic compounds having progestational activity, such
as, for example, progesterone, chiormadinone acetate, norethindrone, cyproterone acetate,
norethindrone acetate, desogestrel, levonorgestrel, drospirenone, trimegestone, norgestrel,
norgesiiroate, norelgesiromin, etonogestrel, gestodene, and other natural and/or synthetic
gestagens. For example suitable estrogens include, but are not imited to, natural and
synthetic compounds having estrogenic activity, such as, for example, estradiol (175~
estradiol}, 1 7a-estradiol, estriol, estrone, and their esters, such as the acetate, sulfate,
valerate or benzoate esters of these compounds, including, for example, estradiol 173-
cypionate, estradiol 17- propionate, estradiol 3-benzoate, and piperazine estrone sulfate;
ethinyl estradiol; conjugated estrogens (natural and synthetic); mestranol; agonistic anti-
estrogens; and selective estrogen receptor modulators. Other examples of contraceptives
include gonodotropin releasing hormone (GnRh) or anologs thereof such as deslorelin,
avorelin, leuprolide, triptorelin, nafarelin, goserelin, buserelin, and fertirelin.

The term “sterotd” refers to compounds belonging to or related to the following
iltustrative families of compounds: corticosterods, mineralicosterads, and sex steroids
{inchuding, for example, potentially androgenic or estrogenic or anti-androgenic and anti-

26



i

10

20

25

30

WO 2024/044370 PCT/US2023/031171

estrogenic molecules). Included among these are, for example, prednisone, prednisolone,
methyl-prednisolone, triamcineclone, fluocinolone, aldosterone, spironolactone, danazol
{otherwise known as OPTINA), and others. In some erobodiments, the therapeutic agent
may comprise a steroid.

Exemplary cancer drugs or anfi-cancer agents can include, but are not linuted to,
antimetabolite anti- cancer agents and antimitotic anti-cancer agents, and combinations
thereof. Various antimetabolite and antimitotic anti-cancer agents, tncluding single such
agents or combinations of such agents, may be employed in the methods and compositions
described herein.

Auntimetabolic anti-cancer agents typically structurally resemble natural metabolites,
which are involved in normal metabolic processes of cancer celis such as the synthesis of
nucleic acids and proteins. The antimetabolites, however, differ enough from the natural
metabolites such that they interfere with the metabolic processes of cancer cells. In the cell,
antimetabolites are mistaken for the metabolites they resemble, and are processed by the
cell in a manner analogous to the normal compounds. The presence of the “decoy”
metabolites prevents the cells from carrying out vital functions and the cells are unable to
grow and survive. For example, antimetabolites may exert cytotoxic activity by substifuting
these tfraudulent nucleotides into cellular DNA, thereby disrupting cellular division, or by
inhibition of critical cellular enzymes, which prevents replication of BNA.

In one aspect, therefore, the antimetabolite anti-cancer agent is a nucleotide or a
nucieotide analog. In certain aspects, for example, the antimetabolite agent may comprise
purine {e.g., guanine or adencsine} or analogs thereof, or pyrimidine {cytidine or thymidine)
or analogs thereof, with or without an attached sugar moiety.

Suitable antimetabolite anti-cancer agents for use in the present disclosure may be
generally classified according to the metabolic process they affect, and can include, but are
not Himited to, analogues and derivatives of folic acid, pyrimidines, purines, and cytidine,
Thus, in one aspect, the antimetabolite agent(s) is selected from the group consisting of
cytidine analogs, folic acid analogs, purine analogs, pyrimidine analogs, and combinations
thereof.

in one particular aspect, for example, the antimetabolite agent is a cytidine analog,
According to this aspect, for example, the cytidine analog may be selected from the group
consisting of cytarabine {cyiosine arabinodside), azacitidine (S-azacytidine), and salts,

analogs, and derivatives thereof.
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In another particular aspect, for exaruple, the antimetabolite agent 15 a folic acid
analog. Folic acid analogs or antifolates generally function by inhibiting dihydrofolate
reductase (DHFR), an enzyme involved tn the formation of nucleotides; when this enzyme
is blocked, nucleotides are not formed, disrupting DNA replication and cell division.
According to certain aspects, for example, the folic acid analog may be selected from the
group consisting of denopterin, methotrexate (amethopterin), pemetrexed, pteropterin,
raltitrexed, trimetrexate, and salts, analogs, and derivatives thereof.

in another particuiar aspect, for example, the antimetabolite agent is a purine analog.
Purine-based antimetabolite agents function by inhibiting DNA synthesis, for example, by
interfering with the production of purine containing nucleotides, adenine and guanine which
halts DNA synthesis and thereby celi division. Purine analogs can also be incorporated into
the DNA molecule tself during DNA synthesis, which can interfere with cell division.
According to certain aspects, for example, the purine analog may be selected from the group
consisting of acyclovir, allopurinol, Z-aminocadenosine, arabinosyl adenine (ara-A),
azacitidine, azathiprine, &-aza-adenosine, 8-fluorc-adencsing, 8-methoxy-adenosine, B-oxo-
adenosine, cladrbine, deoxycoformycin, fludarabine, gancylovir, §-aza-guanosine, 8-
flupro-guanocsing, 8- methoxy-guanocsine, 3-oxo-guanosine, guanosine diphosphate,
guanosine diphosphate-beta- L-2-aminofucose, guanosine diphosphate-D-arabinose,
guanosine diphosphate-2- fluorcfucose, guanosine diphosphate fucose, mercaptopurine (6-
MP), pentostatin, thiamiprine, thioguanine (6-T(), and salts, analogs, and derivatives
thereof.

In yet ancther particular aspect, for example, the antimetabolite agent is a
pytimidine analog. Sumilar to the purive analogs discussed above, pytimidine-based
antimetabolite agents block the synthesis of pyrimidine-containing nuclectides {cytosine
and thymine in DNA; cytosine and uracil in RNA). By acting as “decoys,” the pyrimidine-
based compounds can prevent the production of nucleotides, and/or can be incorporated into
a growing DNA chain and lead to its termination. According to certain aspects, for example,
the pyrimidine analog may be selected from the group consisting of ancitabine, azacitidine,
6-azauridine, bromouracii {e.g., 5-bromouracil), capecitabine, carmofur, chlorouracil (e g
S-chiorouracil), cytarabine (cytosine arabinoside), cytosine, dideoxyuridine, 3'-azido-3'-
deoxythymidine, 3'- dideoxyeytidin-2'-ene, 3'-deoxy-3'-deoxythymidin-2'-ene,
dihydrouracil, doxifluridine, enocitabine, floxuridine, 5-fluorocytosine, 2-
fluorodeoxyeytidine, 3-fluore-3'-deoxythymidine, fluorouracil {e.g., 5-fluorouracil {also
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known as 5-FU}
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gemcitabine, S-methyleytosine, 5- propynyleytosine, 3-propynylthymine,
S-propynyluracil, thymine, uractl, uridine, and salts, analogs, and derivatives thereof. In one
aspect, the pyrimidine analog is other than 5~ fluorouracil. In another aspect, the pyrimidine
analog is gemcitabine or a salt thereof.

In certain aspects, the antimetabolite agent is selected from the group consisting of
5~ fluorouracii, capecitabine, 6-mercaptopurineg, methotrexate, gemcitabine, cytarabine,
fludarabine, pemetrexed, and salts, analogs, derivatives, and combinations thereof. In other
aspects, the antimetabolite agent is selected from the group consisting of capecitabine, 6-
mercaptopurine, methotrexate, gemeitabine, cytarabine, fludarabine, pemetrexed, and salts,
analogs, derivatives, and combinations thereof. In one particular aspect, the antimetabolite
agent is other than 5-fluorcuraci!. In a particularly preferred aspect, the antimetabolite agent
18 gemcitabine or a salt or thereof (e.g, gemcitabine HCl {Gemzar®)).

{Other antimetabolite anti-cancer agents may be selected from, but are not limited to,
the group consisting of acanthifolic acid, aminothiadiazole, brequinar sodium, Ciba-Geigy
CGP-30694, cyclopentyl cytosine, cytarabine phosphate stearate, cviarabine conjugates,
Lilly DATHF, Merrel Dow DDYFC, dezaguanine, dideoxyeytidine, dideoxvguanosine,
didox, Yoshitomi DMDC, Wellcome EHNA, Merck & Co. EX-015, fazarabine, fludarabine
phosphate, N-(2'-furanidyl)-S-fluorouracil, Danchi Seiyaku FO-152, 5-FU-fibrinogen,
isopropy! pyrrolizine, Lilly LY-188011; Lilly LY-264618, methobenzaprim, Wellcome
MZPES, norspermidine, NCINSC-127716, NCI NSC-264880, NCI NSC-39661, NCI NSC-
612567, Warner-Lambert PALA, pentostatin, piritrexim, plicamycin, Asahi Chemical PL-
AC, Takeda TAC-78&, tiazofurin, Erbamont TIF, tyrosine kinase inhibitors, Tatho UFT and
uricytin, amouog others.

In one aspect, the antimitotic anti-cancer agent is a microtubule inhibitor or a
microtubule stabilizer. In general, microtubule stabilizers, such as taxanes and epothilones,
bind to the interior surface of the beta-microtubule chain and enbance microtubule assembly
by promoting the nucleation and elongation phases of the polymerization reaction and by
reducing the critical tubulin subunit concentration required for microtubules to assemble.
Unlike mictrotubule inhibitors, such as the vinca alkaloids, which prevent microtubule
assembly, the microtubule stabilizers, such as taxanes, decrease the lag time and
dramatically shift the dynamic equilibrium between tubulin dimers and microtubule
polymers towards polymerization. In one aspect, therefore, the microtubule stabilizeris a
taxane or an epcthilone. In another aspect, the microtubule inhibitor 1s a vinca alkaloid.
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In some embodiments, the anti-cancer ageut roay comprise a taxane or detivative or
analog thereof. The taxane may be a naturally derived compound or a related form, or may
be a chemically synthesized compound or a derivative thereof, with antineoplastic
properties. The taxanes are a fanily of terpenes, including, but not limited to paclitaxel
{Taxol®) and docetaxel (Taxotere®), which are derived primarily from the Pacific yew tree,
Taxus brevifolia, and which have activity against ceriain tumors, particularly breast and
ovarian tumors. In one aspect, the taxane 1s docetaxel or paclitaxel. Paclitaxel is a preferred
taxane and is considered an antimitotic agent that promotes the assembly of microtubules
from tubulin dimers and stabilizes microtubules by preventing depolymerization. This
stability results 1o the inhibition of the notmal dynamic reorganization of the microtubule
network that is essential for vital interphase and mitotic cellular functions.

Also included are g variety of known taxane derivatives, including both hydrophilic
derivatives, and hydrophobic derivatives. Taxane derivatives include, but are not limited o,
galactose and mannose derivatives described in International Pateont Application No. WO
99/18113, piperazino and other derivatives described in WO 99/14209; taxane dertvatives
described in WO 99/09021, WO 98/22451, and U.S. Pat. No. 5,869, 680; 6-thio denvatives
described in WO 98/28288; sulfenamide denivatives described in U8, Pat. No. 5,821,263,
deoxygenated paclitaxel compounds such as those described in U.S. Pat. No. 5,440,056; and
taxol derivatives described in U.S. Pat. No. 5,415,869, Ag noted above, it further includes
prodrugs of paclitaxel including, but not limited to, those described in WO 98/58927, WO
98/13059; and U.S. Pat. No. 5,824,701, The taxane may also be a taxane conjugate such as,
for example, paclitaxel-PEG, paclitaxel-dextran, paclitaxel-xylose, docetaxel-PEG,
docetaxel- dextran, docetaxel-xylose, and the like. Uther derivatives are mentioned in
“Synthesis and Anticancer Activity of Taxol Derivatives,” D. . L Kingston et al |, Studies
in Organic Chemistry, vol. 26, entitled “New Trends in Natural Products Chemistry”
(1980), Atta~ur-Rabman, P. W le (uesne, Eds. (Elsevier, Amsterdan 1986), among other
references. Each of these references is hereby incorporated by reference herein in its
entirety.

Various taxanes may be readily prepared utilizing techniques known to those skilled
in the art {see also WO 94/07882, W 94/07881, W 94/07880, WO 94/07876, Wb
93/23555, WO 93/10076; 1.S. Pat. Nos. 5,204,637 5,283.253: 5.279,949; 5.274,137;

5,202,448; 5,200,534, 5,229 529, and EP 590,267} {each of which is hereby incorporated by
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reference herein in s entitety), or obtained from a variety of commercial sources, wcluding
for example, Sigma-Aldrich Co., St. Louis, Mo.

Alternatively, the astimitotic anti-cancer agent can be a wicrotubule inhibitor; in one
preferred aspect, the microtubule inhibitor is a vinca alkaloid. In general, the vinca alkaloids
are mitotic spindle poisons. The vinca alkaloid agents act during mitosis when
chromosomes are split and begin to migrate along the tubules of the mitosis spindle towards
one of its poles, prior to cell separation. Under the action of these spindle poisons, the
spindle becomes disorganized by the dispersion of chromosomes during mitosis, affecting
cellular reproduction. According to certain aspects, for example, the vinca alkaloid is
selected from the group consisting of vinblastine, vincristine, vindesine, vinorelbine, and
salts, analogs, and derivatives thereof.

The antimitotic anti-cancer agent can also be an epothilone. In general, members of
the epothilone class of compounds stabilize microtubule function according to mechanisms
similar to those of the taxanes. Epothilones can also cause cell cycle arrest at the G2-M
transition phase, leading to cytotoxicity and eventually apoptosis. Suitable epithiolones
include epothilone A, epothilone B, epothilone C, epothilone D, epothilone E, and
epothilone F, and salts, analogs, and derivatives thereof. One particular epothilone analog is
an epothilone B analog, ixabepilone (Ixernpra™j}.

In certain aspects, the antimitotic anti-cancer agent is selected from the group
consisting of taxanes, epothilones, vinca alkaloeids, and salts and combinations thereof.
Thus, for example, 1n one aspect the antinutotic agent 1s a taxane. More preferably in this
aspect the antimitotic agent is pachitaxel or docetaxel, still more preferably paclitaxel. In
another aspect, the antirnitotic agent is an epothilone {e.g., an epothilone B analog) In
another aspect, the antimitotic agent is a vinca alkaloid.

Examples of cancer drugs that may be used in the present disclosure include, but are
not Himited to: thalidomide; platinum coordination complexes such as cisplatin {cis-DDP),
oxaliplatin and carboplatin; anthracenediones such as mitoxantrone; substituted ureas such
as hydroxyurea; methylhydrazine derivatives such as procarbazine (N- methylhydrazine,
MIiH); adrenocortical suppressants such as mitotane {0,p-DDD) and aminoglutethumide;
RXR agonists such as bexarotene; and tyrosine kinase inhibitors such as sunitinib and
imatinib.

Examples of additional cancer drugs include alkylating agents, antimoetabolites,
natural products, hormones and antagonists, and miscellaneous agents. Alternate names are
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indicated in parentheses. Examples of alkylating agents include nitrogen mustards such as
mechlorethamine, cyclophosphainide, ifosfamide, melphalan sarcolysin} and chlorambucil;
ethyleniroines and roethylmelamines such as hexamethylmwelamine and thiotepa, alkyl
sulfonates such as busulfan; nitrosoureas such as carmustine (BCNUY, semustine {methyl-
CCNU), lomustine {CCNU) and streptozocin (streptozotociny, DNA synthesis antagonists
such as estramustine phosphate; and triazines such as dacarbazine (D'TIC, dimethyl-
triazenoimidazolecarboxamide) and temozolonude. Examples of antimetabolites include
folic acid analogs such as methotrexate {(amethopterin}; pyrimidine analogs such as
fluorouracin {S-fluorouracil, 5-FU, SFU), floxuridine (fluorodeoxyundine, FUIR),
cytarabine {cytosine arabinoside} and gemceitabine; purine analogs such as mercaptopurine
{6-mercaptopurine, 6-MP), thioguanine {¢-thicguanine, TG} and pentostatin (2'-
deoxycoformycin, deoxycoformycin), cladribine and fludarabine; and topoisomerase
inhibitors such as amsacrine. Examples of natural products include vinca alkaloids such as
vinblastine (VLB) and vincristine; taxanes such as paclitaxel, protein bound paclitaxel
{ Abraxane} and docetaxel {Taxotere); epipodophyliotoxing such as etoposide and
teniposide; camptothecing such as topotecan and irinotecan; antibiotics such as
dactinomycin {actinomycin D), daunorubicin {daunomyein, rubidomyein), doxorubicin,
histrelin, bleomycin, mitomycin {mitomycin C), idarubicin, epirubicin; enzymes such as L-
asparaginase; and biological response moditiers such as interferon alpha and interlelukin 2.
Examples of hormones and antagonists include luteinising releasing hormone agonists such
as buserelin; adrenocorticosteroids such as prednisone and related preparations,; progesting
such as hydroxyprogesterone caproate, medroxyprogesterone acetate and megestrol acetate;
estrogens such as diethylstilbestrol and ethiny! estradiol and related preparations; estrogen
antagonists such as tamoxifen and anastrozole; androgens such as testosterone propionate
and fluoxymesterone and related preparations; androgen antagonists such as flutamide and
bicalutamide; and gonadotropin-releasing hormone analogs such as leuprolide. Alternate
names and trade-names of these and additional examples of cancer drugs, and their methods
of use 1ncluding dosing and administration regimens, will be known to a person versed in
the art.

in some aspects, the anti-cancer agent may comprise a chemotherapeutic agent.
Suitable chemotherapeutic agents include, but are not imited to, alkylating agents,
antibiotic agents, antimetabolic agents, hormoual agents, plant-derived agents and their
synthetic derivatives, anti-angiogenic agents, differentiation inducing agents, cell growth
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arrest inducing agents, apoptosis inducing agents, cytotoxic agents, agents affecting cell
bioenergetics t.e., affecting cellular ATP levels and molecules/activities regulating these
fevels, biologic agents, e g, monocional avtibodies, kinase inhibitors and inhibitors of
growth factors and their receptors, gene therapy agents, cell therapy, e.g., stem cells, or any
combination thereof.

According to these aspects, the chemotherapeutic agent is selected from the group
consisting of cyclophosphamide, chlorambucil, melphalan, mechlorethamine, ifostamide,
busulfan, lomustine, streptozocin, temozolomide, dacarbazine, cisplatin, carboplatin,
oxaliplatin, procarbazine, uramusting, methotrexate, pemetrexed, fludarabine, cytarabine,
fluorouracil, floxuridine, gemcitabine, capecitabine, vinblastine, vincristine, vinorelbine,
etoposide, paclitaxel, docetaxel, doxorubicin, daunorubicin, epirubicin, idarubicin,
mitoxanirone, bleomycin, mitomycin, hydroxyurea, topotecan, irinotecan, amsacring,
teniposide, erlotinib hydrochloride and combinations thereof. Each possibility represents a
separate aspect of the invention,

Aunti-neoplastic agent can be selected from the group consisting of Abiraterone
Acetate, Abitrexate (Methotrexate), Abraxane (Paclitaxel Albumin-stabilized Nanoparticle
Formulation), ABVD, ABVE, ABVE-PC, AC, AC-T, Adcetris (Brentuximab Vedotin),
ADE, Ado-Trastuzumab Emtansine, Adriamycin (Doxorubicin Hydrochloride), Adrucil
{Fluorouractl), Afatinib Dimaleate, Afinitor {Everolimus), Akynzeo {Netupitant and
Palonosetron Hydrochloride), Aldara (Imiquimad), Aldesleukin, Alemtuzumab, Alimta
{Pemetrexed Disodium), Aloxi (Palonosetron Hydrochloride), Ambochlorin
(Chlorambucil), Amboclorin (Chlorambucil}, Aminolevulinic Acid, Anastrozole,
Aprepitant, Aredia (Pamidronate Disodium), Arimidex {Anastrozole), Aromasin
{Exemestane), Arranon {(Nelarabine), Arsenic Trioxide, Arzerra (Ofatumumab),
Asparaginase Erwinia chrysanthemi, Avastin (Bevacizumab), Axitinib, Azacitiding,
BEACOPP, Becenum (Carmustine}, Beleodaq (Belinostat}, Belinostat, Bendamustine
Hydrochloride, BEP, Bevacizumab, Bexarotene, Bexxar {Tositumomab and fodine T 131
Tosttumomab}, Bicalutamide, BiCNU {Canmustine), Bleomycin, Blinatumomab, Blincyto
{Blinatumomab}, Bortezomib, Bosulif (Bosutinib), Bosutinib, Brentuximab Vedotin,
Busulfan, Busulfex (Busulfan), Cabazitaxel, Cabozantinib-S-Malate, CAF, Campath
{Alemtuzumab), Camptosar (Irinctecan Hydrochioride), Capecitabine, CAPOX,
Carboplatin, CARBOPLATIN-TAXOL, Carfilzomib, Carmubris {Carmustine), Carmustine,
Carmustine Implant, Casodex (Bicalutamide), CeeNU (Lomustine}, Ceritinib, Cerubidine
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{Daunorubicin Hydrochloride), Cervarix (Recombinant HPV Bivalent Vaccine),
Cetuximab, Chlorambucii, CHLORAMBUCIL-PREDNISONE, CHOP, Cisplatin, Clafen
{Cyclophosphamide), Clofarabine, Clofarex {Clofarabine), Clolar {Clofarabine), CMF,
Cometrig (Caborzantinib-8-Malate), COPP, COPP-ABV, Cosmegen (Dactinomycin},
Crizotinib, CVP, Cyclophosphamide, Cytos (Ifostamide}, Cyramza (Ramucirumab),
Cytarabine, Cytarabine, Liposomal, Cytosar-U {(Cytarabine), Cytoxan {Cyclophosphamide),
Dabraferub, Dacarbazine, Dacogen (Decitabine), Dactinomycin, Dasatinib, Daunorubicin
Hydrochloride, Decitabing, Degarelix, Dentleukin Diftitox, Denosumab, DepoCyt
{Liposomal Cytarabine}, DepoFoam (Liposomal Cytarabine), Dexrazoxane Hydrochloride,
Dinutuximab, Docetaxel, Doxil (Boxorubicin Hydrochlonide Liposome), Doxorubicin
Hydrochleride, Doxorubicin Hydrochloride Liposome, Dox-SL {Doxorubicin
Hydrochlotide Liposome), DTIC-Dome (Dacarbazine), Efudex (Fluorouracit), Elitek
{Rasburicase), Elience (Epirubicin Hydrochloride), Eloxatin (Oxaliplatin}, Eltrombopag
Olamine, HEmend {Aprepitant), Enzalutamide, Eptrubicin Hydrochloride, EPOCH, Erbitux
{Cetuximab}, Eribulin Mesylate, Erivedge {(Vismodegib), Erlotinib Hydrochloride,
Erwinare {Asparaginase Erwinia chrysanthemi}), Etopophos (Etoposide Phosphate),
Etoposide, Btoposide Phosphate, Evacet (Boxorubicin Hydrochionde Liposome),
Everolimus, Evista (Raloxifene Hydrochloride), Exemestane, Fareston {(Toremifene),
Farydak {(Panobinostat}, Faslodex (Fulvestrant), FEC, Femara (Letrozole), Filgrastim,
Fludara (Fludarabine Phosphate), Fludarabine Phosphate, Fluoroplex (Fluorouracil),
Fluorourac, Folex (Methotrexate), Folex PFS (Methotrexate), FOLFIRL FOLFIRI-
BEVACIZUMABR, FOLFIRI-CETUXIMAB, FOLFIRINOX, FOLFOX, Folotyn
{Pralatrexate), FU-LV, Fulvestrant, Gardasil (Recombinant HPV Quadrivalent Vaccine),
Gardasil 9 (Recombinant HPV Nonavalent Vaccine), Gazyva {(Obinutuzumab), Gefitimb,
Gemcitabine Hydrochloride, GEMCITABINE-CISPLATIN, GEMCITABINE-
OXALIPLATIN, Gemtuzumab Ozogamicin, Gemzar (Gemcitabine Hydrochloride), Gilotrif
{Afatimb Dimaleate), Gleevec (Imatinib Mesylate), Gliadel (Carmustine Implant), Gliadel
wafer (Carmustine Implant}, Glucarpidase, Goserelin Acetate, Halaven (Eribulin Mesylate),
Herceptin (Trastuzumab), HPV Bivalent Vaccine, Recombinant, HPV Nonavalent Vaccine,
Recombinant, HPV (Quadrivalent Vaccine, Recombinant, Hycamtin (Topotecan
Hydrochloride), Hyper-CVAD, Ibrance (Palbociclib), Ibritumomab Tiuxetan, Ibrutinib,
ICE, Iclusig (Ponatinib Hydrochloride), Idamycin (Idarubicin Hydrochloride), Idarubicin
Hydrochloride, Idelalisib, Ifex (Ifosfamide), Ifosfamide, Hosfamidum (Ifosfamide),
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Imatinib Mesylate, Imbruvica (Tbrutinib), fmiquimod, Inlyia {Axitinib), Toterferon Alfa-2b,
Recombinant, Intron A (Recombinant Interferon Alfa-2b), lodine [ 131 Tositumomab and
Tositumomab, Iptlimunab, Iressa (Gefitinib), Invotecan Hydrochloride, Istodax
{Romidepsin), Ixabepilone, Ixempra {Ixabepilone}, Jakafi (Ruxolitinib Phosphate), Jeviana
{Cabazitaxel}, Kadcyla (Ado-Trastuzumab Entansine), Keoxifene (Raloxifene
Hydrochloride), Kepivance (Palifermin}, Keytruda (Pembrolizumab), Kyprolis
{Carfilzonub}, Lanrectide Acetate, Lapatinib Ditosylate, Lenalidomide, Lenvatinib
Mesylate, Lenvima {Lenvatinib Mesylate), Letrozole, Leucovorin Calcium, Leukeran
{Chlorambucil), Leuprolide Acetate, Levulan (Aminolevulinic Acid), Linfolizin
{Chlorambueil), LipoBDox (Doxorubicin Hydrochloride Liposome), Liposomal Cytarabine,
Lomustine, Lupron (Leuprolide Acetate), Lupron Depot (Leuprolide Acetate), Lupron
Depot-Ped (Leuprolide Acetate), Lupron Depot-3 Month {Leuprolide Acetate), Lupron
Depot-4 Month (Leuprolide Acetate), Lynparza {(Olaparib), Margibo (Vincristine Sulfate
Liposome), Matulane {(Procarbazine Hydrochloride), Mechlorethamine Hydrochloride,
Megace (Megestrol Acetate), Megestrol Acetate, Mekinist {Trametintb), Mercaptopurine,
Mesna, Mesnex (Mesna), Metharzolastone (Temozolomide), Methotrexate, Methotrexate
LPF (Methotrexate), Mexate (Methotrexate), Mexate-AQ (Methotrexate), Mitomycin C,
Mitoxantrone Hydrochloride, Mitozytrex (Mitormycin C), MOPP, Mozobil (Plerixafor),
Mustargen { Mechiorethamine Hydrochloride), Mutamycin (Mitomyein C}, Myleran
{Busulfan}, Mylosar {Azacitidine), Mylotarg {Gemtuzumab Ozogamicin), Nanoparticle
Paclitaxel (Paclitaxel Albumin-stabilized Nanoparticle Formulation), Navelbine
(Vinorelbine Tartrate), Nelarabine, Neosar (Cyclophosphamide), Netupitant and
Palonosetron Hydrochloride, Neupogen (Filgrastim), Nexavar (Sorafenib Tosylate),
Nilotinih, Nivolumab, Nolvadex (Tamoxifen Citrate), Nplate (Romiplostim),
Obinutuzumab, Odomzo (Sonidegib), OEPA, Ofatumumab, OFF, Olapartb, Omacetaxine
Mepesuccinate, Oncaspar {(Pegaspargase), Ondansetron Hydrochloride, Ontak {(Dentlenkin
Diftitox), Opdive (Nivolurnab), OPPA, Oxaliplatin, Paclitaxel, Paclitaxel Albumin-
stabilized Nanoparticle Formulation, PAD, Palbociclib, Palifermin, Palonosetron
Hydrochloride, Palonosetron Hydrochloride and Netupitant, Pamidronate Disodium,
Panitumumab, Panobinostat, Paraplat (Carboplatin, Paraplatin (Carboplatin}, Pazopanib
Hydrochloride, Pegaspargase, Peginterferon Alfa-2b, PEG-Intron (Peginterferon Alfa-2b),
Pembrolizumab, Pemetrexed Disodium, Perjeta (Pertuzumab), Pertuzumab, Platinol
{Cisplatin}, Platinol-AQ} (Cisplatin}, Plerixafor, Pomalidomide, Pomalyst (Pomalidomide),

35



i

10

20

25

30

WO 2024/044370 PCT/US2023/031171

Ponatinib Hydrochloride, Pralatrexate, Predmisone, Procarbazine Hydrochloride, Proleukin
{Aldesieukin), Prolia (Denosumab), Promacta (Eitrombopag Olamine), Provenge
{Sipuleucel-T), Purinethol (Mercaptopurine), Putixan (Mercaptopurine), Radium 223
Dichlioride, Raloxifene Hydrochloride, Ramucirumab, Rasburicase, R-CHOP, R-CVP,
Recombinant Human Papillomavirus (HPV) Bivalent Vaccine, Recombinant Human
Papillomavirus (HPV) Nonavalent Vaccine, Recombinant Human Papitlomavirus (HPV)
Quadrivalent Vaccine, Recombinant Interferon Alfa-2b, Regoratentb, R-EPOCH, Reviimid
{(Lenalidomide), Rheumatrex (Methotrexate), Rituxan (Rituximab), Rituximab, Romidepsin,
Romiplostim, Rubidomycin (Daunorubicin Hydrochioride}, Ruxolitinib Phosphate,
Sclerosol Intrapleural Aerosol (Tale), Siltuximab, Sipuleucel-T, Somatuline Depot
{Lanreotide Acetate), Sonidegtb, Sorafenib Tosylate, Sprycel (Dasatinib}, STANFORD V|
Sterile Tale Powder (Talc), Steritale (Tale), Stivarga (Regorafenib), Sunitintb Malate,
Sutent (Sunitinib Malate), Sylatron (Peginterferon Alfa-2b), Sylvant (Siltuximab}, Synovir
{Thalidomide), Synribo (Omacetaxine Mepesuccinate}, TAC, Tafinlar (Dabratenib), Talc,
Tamoxifen Citrate, Tarabine PFS (Uytarabine), Tarceva (Erlotinib Hydrochloride},
Targretin (Bexarotene), Tasigna (Nilotinib}, Taxol (Paclitaxel), Taxotere (Docetaxel),
Temodar (Temozolomide}, Temozolomide, Temsirolumus, Thalidomide, Thalomid
{Thalidomide), Thiotepa, Toposar (Etoposide), Topotecan Hydrochloride, Toremifene,
Torisel {Temsirolimus), Tositumomab and fodine [ 131 Tositumomab, Totect (Bexrazoxane
Hydrochleride}, TPF, Trametinib, Trastuzumab, Treanda (Bendamustine Hydrochloride),
Trisenox {Arsenic Trioxide), Tykerb (Lapatiub Ditosylate), Unitwaon (Dinutixamab),
Vandetantb, VAMP, Vectibix (Panitumumab)}, VelP, Velban (Vinblastine Sulfate}, Velcade
{Bortezonub), Velsar (Vinblastine Sulfate), Vemurafenib, VePesid (Etoposide), Viadur
{Leuprolide Acetate), Vidaza (Azacitidine), Vinblastine Sulfate, Vincasar PFS (Vincristine
Suifate), Vincristine Sulfate, Vincristine Sulfate Liposome, Vinorelbine Tartrate, VIP,
Vismodegib, Voraxaze (Glucarpidase), Vorinostat, Votrient (Pazopanib Hydrochloride),
Wellcovorin {Leucovorin Calcium), Xalkori (Crizotinib), Xeloda (Capecitabine), XELIR],
XELOX, Xgeva (Denosumab), Xofigo (Radium 223 Dichloride}, Xtandi (Enzalutamide),
Yervoy {(Iptlimumab), Zaltrap (Ziv-Aflibercept), Zelboraf (Vemurafenib), Zevalin
(Ibritumomab Tiuxetan), Zinecard (Dexrazoxane Hydrochlornde), Ziv-Aftibercept, Zofran
{Ondansetron Hydrochloride}, Zoladex (Goserelin Acetate), Zoledronic Acid, Zolinza
{Vorinostat), Zometa {Zoledronic Aaid), Zydelig (Idelalisih), Zykadia (Cernitinub), and
Zytiga {Abiraterone Acetate}.
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Growth factors useful as therapeutic agents include, but are not limited to,
transforming growth factor-g (“TGF-a”}, transtorming growth factors (“TGF-§7), platelet-
derived growth factors (“PDGEF”), fibroblast growth factors ("FGF™), including FGF acidic
isoforms 1 and 2, FGF basic form 2 and FGF 4, 8, 9 and 10, nerve growth factors (“"INGF”}
including NGF 2 55, NGF 7.0s and beta NGF and neurotrophins, brain derived neurotrophic
factor, cartilage derived factor, bone growth factors (BGF}), basic fibroblast growth factor,
insulin-itke growth factor (IGF), vascular endothelial growth factor (VEGF), granulocyte
colony stimulating factor (G-CSF}, insulin like growth factor (JGF) I and I, hepatocyte
growth factor, ghal neurotrophic growth factor (GDNF), stern cell factor (SCF),
keratinocyte growth factor (KGF), transforming growth factors (TGF), including TGFs
alpha, beta, betal, betaZ, beta3, skeletal growth factor, bone matrix derived growth factors,
and boune derived growth factors and mixtures thereof.

Immunoglobulins useful in the present disclosure include, but are not limited o,
1gG, IgA, IgM, IgD, TgH, and mixtures thereof. Some preferred growth factors inchude
YEGF {vascular endothelial growth factor), NGFs (nerve growth factors), PDGF-AA,
PDGF-BB, PDGF-AB, FGFb, FGFa, and BGF.

Other molecules useful as anti~cancer agents include but are not himited to growth
hormones, leptin, leukermia tnhibitory factor (LIF), tumor necrosis factor alpha and beta,
endostatin, thrombospondin, osteogenic protein-1, bone morphogenetic proteins 2 and 7,
osteonectin, somatomedin-like peptide, osteocalcin.

Tumor antigens can be based on specific mutations (neoepitopes) and those
expressed by cancer-germline genes (antigens common to tumors found in multiple patients,
referred to herein as “traditional cancer antigens” or “shared cancer antigens”). In some
embodiments, a traditional antigen is one that is known to be found in cancers or tumors
generally or in a specific type of cancer or tumor. In some embodiments, a
traditional cancer antigen is a non~-mutated tumor antigen. In some embodiments, a
traditional cancer antigen 1s a mutated fumor antigen.

Biagnostic agents include gases; metals; commercially available imaging agents
used 10 positron emissions tomography (PET), computer assisted tomography (CAT), single
photon emission computerized tomography, x-ray, flucroscopy, and magnetic resonance
imaging {MRI}; and contrast agents. Examples of suitable materials for use as contrast

agents to MRI include gadolinium chelates, as well as iron, magnesium, manganese, copper,
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and chromium. Examples of matenials useful for CAT and x-ray imaging include jodine-
based materials.

o some embodiments, the active agent can comprise a vaceine or a component
thereof. Vaccines may comprise isolated proteins or peptides, inactivated organisms and
viruses, dead orgamsms and viruses, genetically altered organisms or viruses, cell extracts,
and RNA encoding at least one antigenic polypeptide or an immunogenic fragment thereof
{e.g, an immunogenic fragment capable of tnducing an immune response to the antigenic
polypeptide). Active agents may be combined with interfeukins, interferon, cytokines, and
adjpuvants such as cholera toxin, alum, Freund's adjuvant, ete. Prophylactic agents can
include infection agents such as antigens of such bactenial orgamisms as Strepiococccus
puenmoniae, Hoemophifus influenzae, Staphiylococcus aureus, Streptococcus pyrogenes,
Corynebacterium diphtheriae, Listeric monocytogenes, Bacillus anthracis, Clostridium
tefani, Clostridium botulinum, Clostridium perfringens, Neisseria meningitidis, Neisseria
gonorrhoeae, Strepitococcus muians, Pseudomonay aeruginosa, Salmonelia typha,
Haemophilus parainffuenzae, Bordetelia pertussis, Francisella tularensis, Yersinia pestis,
Vibrio cholerae, Legionella pmeumophila, Mycobacterium tuberculosis, Mycobacterium
leprae, {reponema pallidum, Lepiospirosis inferrogans, Borrelia burgdorferi,
Camphylobacter jejuni, and the like; antigens of such viruses as
human Metapreumovirus (hMPV), human parainfluenza viruses (hPIV) types 1, 2, and 3
(hPIV1, hPIV?2 and hPIV3, respectively), respiratory syncytial virus (RSVY), measles virus
{(MeV), coronaviruses {e.g., MERS-CoV, SARS-CoV, SARS-CoV2, HCoV-0C43, HCoV-
229E, HCoV-NL63, HCoV-NL, HCoV-NH, HCoV-HKU1}, poxviruses {e.g., smalipox,
monkeypox), Aftican swine virus, influenza A and B, HIV, varicella-zoster, herpes simplex
1 and 2, cytomegalovirus, Epstein-Barr virus, rotavirus, rhinovirus, adenovirus,
paptltomavirus, poliovirus, mumps, rabies, rubella, coxsackieviruses, equine encephalitis,
Japanese encephalitis, vellow fever, Rift Valley fever, hepatitis A, B, C, D, and E virus, and
the like; antigens of fungal, protozoan, and parasitic orgarusms such as Cryplococcus
neoformans, Histoplasma capsulotum, Candida albicans, Candida fropicalis, Nocardia
asteroides, Ricketisia ricketsii, Rickettsia typhi, Mycoplasma pneumoniae, Chlamydial
psitiaci, Chicmydial trachomatis, Plasmodiim falciparum, Trypanosoma bruce,
Enfamoeba histolytica, Toxoplasma gondii, Trichomonas vaginalis, Schistosoma mansoni,
and the like These antigens may be in the form of whole killed organisms, peptides,
proteins, glycoproteins, carbohydrates, or combinations thereof.
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In certain embodiments, the active agent 13 a polynucleotide. Polynucleotides or
oligonucleotides that can be introduced according to the methods herein include DNA,
cDINA, and RNA seguences of all types. For example, the polynucleotide can be double
stranded DNA single-stranded DNA, complexed DNA | encapsulated DNA, naked RNA,
encapsulated RNA, messenger RNA {(mRNA}, tRNA, short interfering RNA (siRNA),
double stranded RNA {(dsRNA), micro-RNA (niRNA}, antisense RNA (asRNA), self-
amplify mBNA (saRINA), guide RNA (gRNA), cRNA and combinations thereof. The
polynuciectides can also be DNA constructs, such as expression vectors, expression vectors
encoding a desired gene product (e.g., a gene product homologous or heterologous to the
subject into which it 1s to be introduced), and the hike.

A nucleic acid (NA, e.g., a polynucleotide or oligonucleotide) encoding a peptide
may be used to produce an antigenic peptide n vitro. The NA may be, e.g, DNA, cDNA,
PNA, CNA, RNA, either single- and/or double-stranded, or native or stabilized forms of
polynucleotides, such as e g, polynucieotides with a phosphorothioate backbone, or
combinations thereof and it may or may not contain introns so long as it codes for the
peptide. In one embodiment in vitro translation 1s used to produce the peptide. Many
exemplary systems exist that one skilied in the art could utilize.

In some embodiments, the active agent can comprise a mRNA or an expression
vector capable of expressing a polypeptide. Expression vectors tor different cell types are
well known in the art and can be selected without undue experimentation. Generally, the
DNA s inserted into an expression vector, such as a plasmid, in proper ortentation and
correct reading frame for expression, if necessary, the DNA may be linked to the
appropriate transcriptional and translational regulatory control nucleotide sequences
recognized by the desired host { e.g ., bacteria), although such controls are generally
available in the expression vector. The vector 1s then introduced 1nto the host bacteria for
cloning using standard techniques {see, e.g., Sambrook et al. (1989} MOLECULAR
CLONING, A LABORATORY MANUAL, Cold Spring Harbor Laboratory, NY).

The term “nucleic acid encoding a polypeptide” encompasses a NA that includes
only coding sequences for the polypeptide as well as a NA that includes additional coding
and/or non-coding sequences. NA can be in the form of RNA or in the form of DNA. DNA
includes cDNA, genonmic DNA, and synthetic DNA; and can be double-stranded or single-

stranded, and 1f single stranded can be the coding strand or non- coding (anti-sense) strand.
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The NA roay comprise the coding sequence for the peptide, either an antibody or an
antigen, fused in the same reading frame to a polynucleotide which aids, for example, in
expression and/or secretion of a polypeptide from a host cell {e.g,, a leader sequence which
functions as a secretory sequence for controlling transport of a polypeptide from the cell).
The polypeptide having a leader sequence 18 a pre-protein and can have the leader sequence
cleaved by the host cell to form the mature form of the polypeptide.

A NA sequence encoding a polypeptide of interest would be constructed by
chemical syothesis using an oligonucleotide synthesizer. Such oligonucleotides can be
designed based on the amino acid sequence of the desired polypeptide and selecting those
codons that are favored in the host cell in which the recombinant polypeptide of interest is
produced. Standard methods can be applied to synthesize an isolated polynucleotide
sequence encoding an isolated polypeptide of 1nterest. An oligomer containing a NA
sequence coding for the particular isolated polypeptide can be synthesized. For example,
several small oligonucleotides coding for portions of the desired polypeptide can be
synthesized and then ligated. The individual oligonuclectides typically contain 53" or 3
overhangs for cormplementary assembly.

Once assembled (e.g, by synthesis, site-directed mutagenesis, or another method),
the polynucleotide sequences encoding a particular isolated polypeptide of interest is
inserted into an expression vector and optionally operatively hinked to an expression control
sequence appropriate for expression of the protein in a desired host. Proper assembly can be
confirmed by nucleotide sequencing, restriction mapping, and expression of a biologically
active polypeptide in a suitable host. As well known in the art, in order to obtain high
expression levels of a transfected gene in a host, the gene can be operatively hinked to
transcriptional and translational expression control sequences that are functional in the
chosen expression host.

Recombinant expression vectors may be used to amplhity and express DNA encoding
antibodies or antigenic peptides. Recombinant expression vectors are replicable DNA
constructs having synthetic or cDNA-derived DNA fragments operatively linked to suitable
transcriptional or translational regulator elements derived from mammalian, microbial, viral
or insect genes. A transcriptional unit generally comprises an assembly of a genetic element
or elements having a regulatory role in gene expression, for example, transcriptional
promoters or enhancers, a structural or coding sequence which 1s transeribed into mRNA
and translated into protein, and appropriate transcription and translation initiation and
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terrotnation sequences, as described in detail herein. Such regulatory elements can include
an operator sequence to control transcription. Generally, operatively linked means
contiguous, and in the case of secretory leaders, means contiguous and 1n reading frame.
Structural elements intended for use in yeast expression systems include a leader sequence
enabling extracellular secretion of translated protein by a host cell. Alternatively, where
recombinant protein is expressed without a leader or transport sequence, it can include an
N-termainal methionine residue. This residue can optionally be subsequently cleaved from
the expressed recombinant protein to provide a final product.

“Ribonucleic acid” or "RNA" refers to a polymer containing at least two
ribonucieotides. “Ribomucleotides” contain a sugar ribose, a base, and a phosphate group.
Nucleotides are linked together through the phosphate groups.“Bases” include purines and
pyrimidines, which further include natural compounds adenine, thymine, guanine, cytosine,
uracil, inosine, and natural analogs, and synthetic derivatives of purines and pyrimidines,
which mclude, but are not lumited to, modifications which place new reactive groups such
as, but not limited to, amines, alcohols, thiols, carboxylates, and alloy! halides.

RNNA may be in the torm of oligonucleotide RNA, tRNA (transter RNA}, snRNA
{small nuciear RNA), rRNA (ribosomal RNA}Y, mRNA (messenger RNA}, antisense RNA,
siRNA (small interfering RNA), selt-replicating RNA, ribozymes, chimeric sequences, or
derivatives of these groups.

The RNA can include (in addition to any &' cap structure} one or more nucleotides
having a modified nucleobase, including wSC (S-methyleytidine), m5U (5- methyluridive),
m6A {(No-methyvladenosine), s2U (2-thiouridine), Um (2'-0-methyhuridine), miA (I
methyladenosine), m2A (2-methyladenosine), Am (2'-0-methyladevosine), ms2moA (2-
methylthio-N6-methyladenosine); 16A (No-isopentenyladenosine ), ms2i6A (2-methyithio-
Né6isopentenyladenosine); 106A (N6-{cis-hydroxyisopentenyiadenosine), ms2io6A (2-
methylthio-No-(cis-hydroxyisopentenyl) adenosine}; gbA {(No-
glycinylcarbamoyladenosine); t6A (Né-threonyl carbamoyladenosine), ms2t6A (2-
methylthio-N6-threonyl
carbamoyladenosine), m6t6A (Na-methyl-No-threonylearbamoyladenosine), hn6A(NG -
hydroxynorvalylcarbamoy! adenosine);, ms2hnoA (Z-methyithio-Né-hydroxyunorvalyl
carbamovladencsine); Ar{p) (2'-0-ribosyladenosine {phosphate)}}; I (inosine); mi [ {1-
methylhinosine), 'l (1,2'-0-dinmethylinosine), m3C G-methyleytidine); Cm (2T-0-
methyleytidine};, s2C (Z-thiccvtidine); ac4C (N4-acetyleytidine), £5C (S-fonnylcytidine);
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mSCm (5,2-O-dimethyicytidine), acdCm (Ndacetyl2TOmethyleytidine), k2C (ysidine);

mlG (I- methylguanosine);, m2G (N2-methylguanosine); m7G (7-methylguanosine); Gm (2'

0~ methylguanosine), m22G (N2, N2-dimethylguanosine), m2Gm (N2,2°-0~
dimethylguanosine); m22Gm (N2, N2,2'-0O-trimethylguanosine);, Gr(p) (2'-0-
ribosylguanosine (phosphate)), yW {wybutosine); 02y W {peroxywybutosine); OHyW
{hydroxywybutosine), OHyW*

{undermodified hydroxywybutosine); imG (wyosine); mimG (methylguanosine); Q
{queuosine); o) {epoxyquenosine}; gal(d {galtactosyl-queuosine); man{} {mannosyl-
quenosine), preQo (7- cyano-7-deazaguanosine); preQi {7-aminomethyl-7-deazaguanosine};
G* {archaeosine); I {(dihydrouridine), mSUm (5,2'-0-dimethylunidine); s4U (4-thiousidine},
m3s2U (5-methyl-2- thiouridine}; s2Um (2-thio-2'-0-methyluridine); acp3U (3 -(3 -amino-3
-catboxypropylurt dine), ho3U (5-hydroxyuridine); moSU (S-methoxyuridine), conoSU
(uridine 5-oxyacetic acid);, memoSU (uridine S-oxyacetic acid methyl ester); chm35U {5~
{carboxyhydroxymethyhuridine}), mchmSU (S-(carboxyhydroxymethyhundine methyl
ester); memSU {(S-methoxycarbonyl methyluridine};, memSUm (S~methoxycarbonyimethyl-
2-O-methvluridine);, mem5s2U (5- methoxycarbonylmethyl-2-thiouridine); nm5s2U (5-
aminomethyl-2-thiouridine), mum3SU (5~ methylaminomethyluridine); mnmSs2U (8-
methylaminomethyl-2-thioundine}, mam5se2U (5- methylaminomethyl-2-selenouridine);
nemSU (5~carbamoyimethyl uridine);, nemSUm (8- carbamoyimethyl-2'-0-methviuridine};
cmnm5U (5-carboxymethylaminomethyluridine}; cnmmSUm (5-
carboxymethylaminomethyl-2-L-O-methyluridine}, conmSs2U (5-
carboxymethylaminomethyl-2-thiouridine}; m62ZA (N6, No-dimethyladenosine), Tm {2'-0-
methylinosine);, m4C (N4~-methyleytidine), m4Cm (N4,2-0-dimethyleytidine);, hm3C (5-
hydroxymethyleytidiney, m3U (3 -methyluridine}; emSU (S-carboxymethyluridine), m6Am
(N6, T-0-dimethyladenosine); m62Am (N6, N6, O-2-trimethyladenosine), m2'7G (N2,7-
dimethylguanosine), m2'2'7G (N2, N2, 7-trimethylguanosine); m3Um (3,27-0-
dimethyluridine); m5D (S-muethyldihydrouridine); £5Cm (5-tormyl-2'-0-methyleytidine);
miGm (1,2'-0- dimethylguanosine};, m'Am (1, 2-O-dimethyl adenosine} irinomethyluridine);
tm 582U (S- tauninomethyl-2-thiouridine}); imG-14 {4-demethyl guanosine); imG2
(isoguanosine), or acbA (N6-acetyladenosine), hypoxaunthine, inosing, 8-oxo-adenine, 7-
substituted derivatives thereof, dihydrouracil, pseudouracil, 2-thiouraci, 4-thiouracil, 5-
aminouracd, 5« CH-Coy-alkyluraci, S- methyluracd, 5-«C2-Co)-alkenyluracil, S-(C2-C6)-
alkynvluracil, S-(hydroxymethyluracil, 5- chiorouracil, 5-flucrouracil, 5-bromouracil, 5 -
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hydroxy cytosine, S-(C1-Co)-alkylcytosine, S- methyleytosine, S-(C2-Coi-alkenyleyiosine,
5-{C2-Co)-atkynyicytosine, 5-chlorocytosine, 5- fluorocytosine, 5-bromocytosine, N2-
dimethylguanine, 7-deazaguanine, 8-azaguanine, 7-deaza- 7-substituted guavine, 7-deaza-7-
8-oxoguanine, 2-aminopurine, 2-amino-6-chloropurine, 2 4- diarinopurine, 2,6-
diaminopurine, 3-azapurine, substituted 7-deazapurine, 7-deaza-7-substituted purine, 7-
deaza-8-substituted purine, or an abasic nucleotide.

The RNA may optionally comprise one or more UNA molecules, e g., as disclosed
in .S Patent Nos. 8,314,227, 9,051,570, 9,303,260, 9,297,009, and 9,340,782, and U.S.
Patent Publication No. 2016/0168567, incorporated herein o their enfirety.

The RINA or self-replicating RNA can include one or more modified pyrimidine
nucteobases, such as pseudourtdine and/or 5-methyleytosine residues. {0038] The RNA may
include a 5' cap comprising a 7'-methylguanosine, and the first 1, 2 or 3 5' ribonuclectides
may be methylated at the 2' position of the ribose. The RNA can contain a §' trinucleotide
cap structure as described by Tants, et al., U.S. Application Number 15/788,742, filed
October 19, 2017 herein incorporated by reference i its entirety.

Natural RNA have a phosphate backbone, RNA as described herein may contain
other types of backbones and bases including peptide nucleic acids, phosphothionates,
phosphoramidate, phosphorothioate, and/or methyiphosphonate linkages.

“Antisense” is a polynuciectide that interferes with the function of DNA and/or
RNA. This may result in suppression of expression.

“(Gene” refers to a nucleic acid {e.g., DNA} sequence that comprises coding
sequences necessary for the production of a polypeptide or precursor. The polypeptide can
be encoded by a full length coding sequence or by any portion of the coding sequence so
fong as the desired activity or functional properties (e.g., enzymatic activity, igand binding,
signal transduction, and the like) of the full-length polypeptide or fragment thereof are
retained.

In some embodiments, the RNA {e.g., mRNA} may be used to induce a balanced
immune response against an infection agent. In some embodiments, the RNA (e.g, mRNA)
may be used to induce a balanced immune response against a a Metapreumovirus such as
human Metapneumovirus (AMPV), parainfluenza viruses such as human parainfluenza
virases (hPIV) types 1, 2, and 3 (hPIV1, hPIVZ and hPIV3, respectively), respiratory
syncytial virus (RSV}, measles virus (MeV), coronaviruses (e.g., MERS-CoV, SARS-CoV,
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SARS-CoV2, HCoV-0C43, HCoV-229E, HCoV-NL63, HCoV-NL, HCoV-NH, HCoV-
HKU1}, poxviruses {e.g., smallpox, monkeypox), African swine virus, influenza A and B,
HIV, varicela-zoster, herpes simplex 1 and 2, cytomegalovirus, Epstein-Barr virus,
rotavirus, rhinovirus, adenovirus, papiliomavirus, poliovirus, mumps, rabies, rubella,
coxsackieviruses, equine encephalitis, Japanese encephalitis, yellow fever, Rift Valley
fever, hepatitis A, B, C, D, and E virus, and the like

In some embodiments, the RNA {e g, mRNA} may be used to induce a balanced
iminune response against a respiratory virus. The term “respiratory virus” refers herein to a
viras causing a respiratory disease. For example, negative-sense, single-stranded RNA
viras of the family Paramyxoviridae such as human Merapneumoviris ((MPV), human
parainfluenza viruses (hPIV) types 1, 2, and 3 (hPIV1, hPIV2 and hPIV3, respectively),
RSV, and Measles virus (MeV). Another example of respiratory viruses are coronaviruses.
Coronaviruses are enveloped viruses with a positive-sense single-stranded RNA genome
and with a nucleocapsid of helical symmetry. Corovaviruses are species of virus belonging
to the subfamily Coronaviringe in the family Coronaviridae, in the order Nidovirales.

Representative examples of betacoronaviruses include, but are not limited to an
embecovirus 1 {e.g., Betacoronavirus 1, Human coronavirus OC43, China Rattus
coronavirus HKUZ24, Human coronavirus HKUL, Murine coronavirus), a hibecovirus {e.g.,
Bat Hp-betacoronavirus Zhejiang2013), a merbecovirus {e.g., Hedgehog coronavirus 1,
Middle East respiratory syndrome-reiated coronavirus (MERS-CoV), Pipistreltus bat
coronavirus HKUS, Tylonycteris bat coronavirus HKU4), a nobecovirus {e.g., Rousettus bat
coronavirus GCCDC T, Rousettus bat coronavirus HKU9), a sarbecovirus {e.g., severe acute
respiratory syndrome coronavirus (SARS-CoV), severe acute respiratory syndrome
coronavirus 2 {(SARS-CoV-2}.

Representative exarmples of gammacoronaviruses include, but are not limited to, a
cegacovirus {e.g., Beluga whale coronavirus SQ1) and an Igacovirus {(e.g., Avian
coronavirus (IBVy).

Representative examples of deltacoronaviruses include, but are not himited to, an
andecovirus {e.g., Wigeon coronavirus HKUZ20), a buldecovirus {e.g., Bulbul coronavirus
HK U1, Porcine coronavirus HKUTS (PorCoV HKU1S), Munia coronavirus HKU13,
White-eye coronavirus HK1/16), a herdecovirus (e.g., Night heron coronavirus HKU1T9),

and a moordecovirus {e.g., Common moorhen coronavirus HKU21),
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In some embodiments, the coronavirus 1s a huran coronaviras, Representative
examples of human coronaviruses include, but are not limited to, human coronavirus 229E
{(HCoV-229E), human coronavirus OC43 (HCoV-0{43), human coronavirus HKU1
(HCoV-HKU1}, Human coronavirus NL63 (HCoV-NLG3), severe acute respiratory
syndrome coronavirus {SARS-CoV), severe acute respiratory syndrome coronavirus 2
{SARS-CoV-2}, and Middle East respiratory syndrome-related coronavirus (MERS-CoV}.

In some embodiments, the RNA (e g, mRNA} polymucleotide having an open
reading frame encoding at least one {e.g., at least 2, 3, 4 or 5}
human Metapnenmovirus (hMPV) antigenic polypeptide, human parainfluenza viruses
(hPIV)types 1, 2, and 3 (hPIV1, hPIVZ and hPIV3, respectively) antigenic polypeptide,
respiratory syncytial virus (RSV) antigenic polypeptide, measles virus (MeV) antigenic
polypeptide, varicella-zoster antigenic polypeptide, influenza virus antigenic polypeptide,
herpes simplex virus 1 (HSV 1) antigenic polypeptide, herpes simplex virus 2 (HSV2})
antigenic polypeptide, poxvirus {e.g., smallpox, monkeypox) antigenic polypeptide, African
swine virus antigenic polypeptide, cytomegalovirus antigenic polypeptide, Epstein-Barr
virus antigenic polypeptide, rotavirus antigenic polypeptide, rhinovirus anfigenic
polypeptide, adenovirus antigenic polypeptide, papiliomavirus antigenic polypeptide,
poliovirus antigenic polypeptide, mumps antigenic polypeptide, rabies antigenic
polypeptide, rubella antigenic polypeptide, coxsackigviruses antigenic polypeptide, equine
encephalitis antigenic polypeptide, Japanese encephalitis antigenic polypeptide, yellow
fever antigenic polypeptide, Rift Valley fever antigenic polypeptide, hepatitis A, B, C, D,
and E virus antigenic polypeptide, or coronaviruses (e.g., MERS-CoV, SARS-CoV, SARS-
CoV2, HCoV-0C43, HCoV-229E, HCoV-NL63, HCoV-NL, HCoV-NH, HCoV-HKUL)
antigenic polypeptide. Herein, use of the term “antigenic polypeptide” encompasses
immunogenic fragments of the antigenic polypeptide (an immunogenic fragment that
induces {or is capable of inducing) an immune response human Mefapreumovirus (hMPVY),
human parainfluenza viruses (hPIV) types 1, 2, and 3 (hPIVL, hPIVZ and hPIV3,
respectively), respiratory syncytial virus (RSV3, measles virus (MeV), varicella-zoster,
influenza virus, herpes simplex virus T (HSV 1), herpes simplex virus 2 (HSV2), poxvirus
{(e.g., smallpox, monkeypox), African swine virus, cytomegalovirus, Epstetn-Barr virus,
rotavirus, rhinovirus, adenovirus, papillomavirus, poliovirus, mumps, rabies, rubella,
coxsackieviruses, equine encephalitis, Japanese encephalitis, yellow fever, Rift Valley
fever, hepatitis A, B, C, D, and E virus, or coronaviruses {(e.g., MERS-CoV, SARS-CoV,
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SARS-CoV2, HCoV-0C43, HCoV-229E, HCoV-NL63, HCoV-NL, HCoV-NH, HCoV-

HKU1}, or any combination thereof.

Methods of Use

These compositions can be prepared as described herein or elsewhere, and can be
administered by a variety of routes, depending upon whether local or systemic treatment is
desired and upon the area to be treated. Admirustration may be topical (including
transdermal, epidermal, ophthalmic and to mucous membranes including intravasal, vaginal
and rectal delivery}, pulmonary (e.g., by inhalation or insufflation of powders or aerosols,
including by nebulizer; intratracheal or wotranasal), oral, or parenteral. Parenieral
administration includes intravenous, intraarterial, subcutanecus, intraperitoneal
intramuscular or injection ot infusion; or wtracranial, {e.g., intrathecal or intraventricular,
administration). Parenteral administration can be in the form of a single bolus dose, or may
be, for example, by a continuous perfusion pump. In some embodiments, the compounds
provided herein, or a pharmaceutically acceptable salt thereof, are suitabie for parenteral
adnunistration. In some embodiments, the compounds provided herein are suitable for
intravenous administration. In some embodiments, the compounds provided herein are
suitable for oral administration. In some embodiments, the compounds provided herein are
suitable for topical administration.

Pharmaceutical compaositions and formulations for topical administration may
include, but are not limited to, transdermal paiches, ointments, lotions, creams, gels, drops,
suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, aqueous,
powder or oily bases, thickeners and the like may be necessary or desirable. In some
embodiments, the pharmaceutical compositions provided heretn are suitable for parenteral
administration. In some embodiments, the pharmaceutical compositions provided herein are
suitable for intravencus administration. In some embodiments, the pharmaceutical
compositions provided herein are suitable for oral administration. In some embodiments,
the pharmaceutical compositions provided herein are suitable for topical administration.

The compositions described herein can be used to deliver one or more active agents
to celis {e.g, 1n vivo, ex vive, or in vitro). Accordingly, provided herein are method of
delivering an active agent to a cell {e.g., in vivo, ex vivo, or in vitro) that comprise
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contacting the cell with a composition described herein. Also provided are methods for in
vive delivery of an active agent to a cell, said method comprising administering to a
manmmalian subject (e.g., a hurnan) a composition described herein. In some embodiments,
the administration can comprise systemic administration {e.g., intravenous injection or
infusion).

Also provided are methods of systemically administering an active agent to a subject
in need thereof. These methods can comprise intraveneously injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from 0.5 mol % to 8 mol % one or more cationic lipids; from 20 mol % to 65
mol % one or more jonizable lipids; from 35 mol % to 80 mol % oue or more neutral hipids;
and from greater than 0 mol % to 5 mol % one or more PEGylated lipids. In some cases,
the active agent can comprise an anticancer agent.

Also provided are methods of administering an active agent to a liver of a subject.
These methods can comprise intraveneously injecting a pharmaceutical coraposition
comprising a lipid particle encapsulating the active agent, the lipid particle comprising:
from 0.5 mol % to 3 mol % one or more cationic hipids; from 20 mol % to 65 mol % one or
more ionizable lipids; from 35 mol % to 80 mol % one or more neutral lipids; and from
greater than O mol % to 5 mol % one or more PEGylated lipids. In some cases, the active
agent can comprise an anticancer agent, such as an active agent for the treatment of liver
cancer.

Also provided are wethods of administering an active agent to a solid tumorin a
subject. These methods can comprise intraveneously injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the ipid particle
comprising: from 3 mol % to & mol % one or more cationic lipids; from 20 mol % to 65 mol
% one or more ionizable lipids; from 35 mol % to 80 mol % one or more neutral lipids; and
from greater than O mol % to 5 mol % one or more PEGylated lipids. In some cases, the
active agent can comprise an anficancer agent. These methods can selectively target the
fipid particles to the tumor neovasculature.

Also provided are methods of administering an active agent to a lung of a subject.
These methods can comprise intraveneously injecting a pharmaceutical compaosition
comprising a lipid particle encapsulating the active agent, the lipid particle comprising:
from 6 mol % to 10 mol %% one or more cationic hiptds; from 20 mol % to 65 mol % one or
more tonizable lipids; from 35 mol % to 80 mol % one or more neutral lipids; and from
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greater than O mol % to 5 mol % ove or more PEGylated lipids. In some cases, the active
agent can comprise an anticancer agent, such as an active agent for the treatment of lung
cancer.

Also provided are methods of locally administering an active agent to a subject in
need thereof. These methods can compris intramuscularly injecting a pharmaceutical
composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from greater than 0 mol % to 5 mol % one or more cationic lipids; from 20 mol
% to 65 mol % one or more 1onizable liptds; from 35 mol % to 80 mol % one or more
neutral lipids; and from greater than 0 mol % to 5 mol % one or more PEGvlated lipids. In
some cases, the active agent can comprise a nucleic acid (e.g., siRNA, mRNA, ot any
combination thereof}). In some cases, the active agent can comprise a vaccine.

Reference will now be made n detail to the present exemplary embodunents,
examples of which are illustrated in the accompanying drawings. Other embodiments will
be apparent to those skilled in the art from cousideration of the specification and practice
disclosed herein. The embodiments are further explained in the following examples.

These examples do not linut the scope of the claims, but merely serve to clarify certain
embodiments. [t is intended that the specification and examples be considered as exemplary

only, with a true scope and spirit being indicated by the following claims.

EXAMPLES
The wovention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to limit the
invention in any manner. Those of skill in the art will readily recognize a variety of non-

critical parameters which can be changed or modified to yield essentially the same results.

Example 1: pH Sensitive Nanocemulsions (PSNEs) for the Belivery of Nucleic Acid
Cargos

Overview

The ability of lipid nanoparticle (ENP) to deliver genetic materials had shown great
potential in therapeutics o treat a wide variety of diseases. However, due to the low
accessibility of LNP encapsulating genetic payloads to tumor microenvironment, very few
of such nanomedicines have been developed and under chinical investigation. QTsomeis a
LNP platform that uses a combination of quaternary amine-based cationic lipid and a
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tertiary amine-based 1onizable ipid to facilitate drug delivery. Here, we have evaluated and
optimized the components of QTsome specifically for delivering nucleic acid cargos. By
way of example, we have also developed an antisense oligonucleotide against miR-21 in
cancer. Tsome encapsulating AMZ21 showed superior antitumor activity in multiple tumor
models and showed synergistic effects with erlotinib, a tyrosine kinase inhibitor, and
atezolizumab, an anti-PDL1 therapy.

Introduction

MicroRNAs (miRNAs) are short non-coding RNAs which can regulate gene
expression through mRNA degradation or partial translational repression. miRNA-based
gene regulation can take place with miRNA-~nduced silencing complex {miRISC) complex
containing miRNA guide strand complementarily binding with 3 -untranslated region (3°-
UTR) on the target messenger RNA (mRNA) by the seeding region of the nuRNA, the first
2-7 pucleotides from the 5’end. This canonical interaction usually results in mENA
deadenylation, translational suppression, and mRNA degradation. However, in most cases,
the interactions between miRNAs their target mRNA are not entirely complementary. This
feads to the idea that a single miRNA would potentially target multiple downstream
mRNAs or multiple sites on the same mRNA, suggesting that a broader biological process
may be involved in miRNA-based gene regulation. With the robust regulatory effects in
biological process and gene expression by miRNA| research alsc showed that miRNA can
not only be found inside the cell, but also migrate to extracellular compartments and
systemic fluids, making miRINAs as efficient biomarkers in multiple diseases. The first
miRNA used as a biomarker is miRNA-21 (miR-21), where researchers found that high
expression of miR-15, miR-21, and miR-210 in the serum of patients with diffuse large B-
cell lymphoma (DLBCL} in 2008, Specifically, miR-21 exhibited the largest differential
expression in chimcal samples and 1s highly related to disease progression and patient
survival, Later, miR-21 overexpression has also been demonstrated a promising biomarker
in poor diagnosis and prognosis of many solid tumor types including non-smali cell lung
cancer (NSCLC) and colorectal cancer. Recently, researcher found that miR-21 may
function not only as a biomarker but also as an oncogenic miRINA that regulates epigenetic
fevel of cell apoptosis, DNA repair, cell proliferation, tumor metastasis, and drug resistance
by downregulating tumor suppressor genes such as AKT1, DDAHI, PTEN, PDCDA4, etc. In
addition, research also showed that nuR-21 13 also associated with pro-tumor imroune
responses with higher population of M2-macrophages, suggesting that miR-21 may induce
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drug resistance against not only chemotherapies but also immunoctherapies. Regardless of
continuous showcase of miRNA as biomarkers in cancer, however, efficient therapeutics
targeting pro-tumor miRNAs are vnderdeveloped.

Antisense oligonucleotide {(ASO) is a single-stranded deoxyribonucleotide which is
complementary to its target. The mechanism of antisense targeting is to induce gene
downregulation by recruiting RNAse H endonuciease activity that could cleaves the
heteroduplex formed by ASO and target genes. AS0 could not only target mRNA but also
oligonucleotides such as miRNA or small-interfering RNA (siRNA), which makesita
promising approach tor therapeutically inhubiting miRNA. However, the unmodified anti-
i RNA antisense oligonucieotides (ASQOs) are sensitive to nucleases which are easily
cleared from systemic fluids. To overcome this barrier, many types of chemical
modifications of ASO have been introduced. Modification of the phosphate backbone, the
nucleic acid base, and the ribose sugar moiety has been extensively employed to improve
drug pharmacokinetics, pharmacodynamics and biodistribution. Chemucal conjugation of
ASQ, including small molecules, peptides, aptamers, antibodies, has also been developed to
improve tissue-specific biodistribution and therapeutic efficacy. Nonetheless, free drug of
ASQO contains high density of negative charges which make them less accessible to tumor
microenvironment { TME) through cellular uptake. Therefore, an efficient delivery platform
is needed for therapeutic ASO,

A QTsome is a lipid nanoparticle (LNP) platform that utilizes a combination of &
guaternary amine-based cationic lipid and a tertiary aroine-based ionizable lipid to facilitate
drug delivery. The design of using a cocktail of cationic lipid and tonizable lipid in QTsome
can achieve an improved pH-dependent drug loading and releasement profile. Prelimivary
studies have shown that traditional design of QTsome was able to deliver oligonucleotides.
However, traditional QTsomes (QTsome Original) contains high arnount of PEG-lipids and
outdated functional lipids which impedes cellular uptake and releasement of nucleic acid
cargos inte cytoplasm, making the gene delivery by QTsome Original less efficient than
other emerging LNP platforms from Moderna, Plizer/BioNTech, Alnylam Pharmaceuticals,
ete. In this example, QTsome Orniginal was optimized into QTsome Plus (QTPlus) by
fowering the amount of cationic liptd and PEG lipid, increasing the amount of ionizable
lipid, and screening the candidates for ionizable lipid and helper lipid. Eventually, QTPlus
exhibited much enhanced gene delivery, including oligonucleotides and mRNA, compared
with QTsome Original and LNP standard with Moderna tormulation. QTPlus was further
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uttiized to deliver a 16-mer anti-nuR-21 ASO (AM21) and showed significant miR-21
inhibition through downstream gene regulation. In addition, QTPlus-encapsulating AMZ1
{QTPlus-AM21) showed significant antitumor activity 1 A549 NSCLC and MC38
colorectal umor models. QTPlus-AM21 significantly induced chemo sensitization in
NSCLC in the presence of erlotinib, a tyrosine kinase inhibitor (TK1), and showed enhanced
antitumor immunity in combination with atezolizumab, an anti-PDL1 therapy, suggesting
that QTPlus-AMZ1 may also be a strong antitumor candidate for the combination therapies
with chemotherapies and immunotherapies.

Materials and Methods

Materials, 1,2-dicleoyl-3~trimethylammoniuro-propane (DOTAP) was purchased
from MedChemExpress (Monmouth Junction, NJ, United States). 1-(2,3-bis{({{92,127}-
octadeca-9,12-dien~1-yhoxypropyDpyrrolidine (A-066) was purchased from Hangzhou
Dragonpharm Co., Ltd (Hangzhou, China). Cholesterol was purchased from Avanti Polar
Lipids, Inc (Birminghan, AL, United States). 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (BOPE) and 1,2-Dimyristoyl-rac-glycero-3-methoxypolyethylene
glycol-2000 (BMG-PEG2000) were purchased from NOF America (Cambridge, MA,
United States). CleanCap®~Firetly Luciferase (FLuc) mRNA was purchased from Trilink
Biotechnologies (San Diego, CA, United States). AM21 were purchased from Integrated
DNA Technologies, Inc. (Coralville, [A, United States) (20-mer AM21 sequence: 57~
FCHFHAFFAFFCF AR FTHRCHHAY GFTHHCF +THEFA* +THAYHA* GFHCH*T -3 16-mer
AM21 sequence: S7~ AMHTHHOFAY GRATH O THOHATHTHAR AXG*H-C*T -3,
Scramble 16-mer oligonucleotide sequence: 57 -

HCHEAFCHRGHF TR TRAS T AR CHGHHCHHCHHCHRA® - 37 %47 represents locked
nucleic acid, LNA, bases. “*” represents phosphorothioated backbone). Erlotinth was
purchased trom Cayman Chemical {Ann Arbor, MI, United States). Atezolizumab was
kindly provided by the Arthur . James Cancer Hospital from The Ghio State University
{Columbus, OH, United States).

GTPlus-mRNA and OQPlus-AMZ1 Formulation and Characterization, For
QTPlus-mRNA specifically, DOTAP, A-066, DOPE, cholesterol, and DMG-PEG2000 were
prepared at a molar ratio of 1.5/50/12/35/1.5 in ethanol. FLuc mRNA were prepared in
DEPC-treated water. The lipid mixture in ethanol were directly injected into FLuc mRNA
phase where QTPlus self-assembly and mRNA encapsulation take place simultaneously.
This QTPlus formulation protocol was referred as 1-Step formulation.
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Empty QTsome Origival and QTPlus were prepared by hand-rapid injection of the
lipid mixture into acetic acid buffer. DOTAP, A-066, DOPE, cholesterol, and DMG-
PEG2000 were prepared at a molar ratio of 1.5/50/12/35/1.5 1n ethanol. FLuc mRNA,
AM21 and scramble oligonucleotide solutions were prepared in DEPC-treated water.
Oligonucleotide solutions were mixed with empty QTsome Original or QTPlus phase with
equal volume to reach the final lipid-to-oligo ratic at 10/1 (w/w}. This formulation protocol
was referred as 2-Step formulation. The final lipid concentration of QTsome was 10mg/mi,
and the final oligonucleotide concentration was | mg/mli. Particle sizes of QTsome-
encapsulating oligonuclectides were measured by dynamic light scattering {DLS) using a
NICOMP NANG ZLS Z3000 (Entegris, Billerica, MA, United States). Gel electrophoresis
was performed using 1% agarose gel loaded with Tug oligonucleotide per well.
Fluorescence imagiog of ethidium bromide was taken after 20 minutes gel electrophoresis at
100 volts. Cryo-EM images of QTPlus-AM21 was obtained from Center for Electron
Microscopy and Analysis at the Ohio State University (Columbus, OH, Uniied States).

Cell Culture. RAW 264.7 murine macrophage cell line and MC38 murine
colorectal carcinoma cell line were kind gifts given by Dr. Peixuan Guo and Dr. Chnistopher
Coss at The Ohio State University College of Pharmacy, respectively. THP-1 human
monocyte cell line was kindly provided by Dr. Joshua Englert at The Ohio State Umversity
Wexner Medical Center. KB and A549 cell lines were purchased from Millipore Sigma
{Burlington, MA, United States). RAW 264.7 and MC38 were grown in DMEM
supplemented with 10% FBS and 1x antibiotic-antimaycotic. THP-1, KB, and A549 were
grown in RPMI supplemented with 10% FBS. Cells were maintained at 37°C and grown
under a humidified atroosphere containing 5% COz.

In Vitro Bioluminescent Assay. HEK293 AS549, and KB were seeded at 3000
cells/well in 96-well plates 24 hours prior to treatments. Cells were treated with 0 lug of
Fluc mRNA in QTsome Original or QTPlus. Cells were allowed to uptake QTsome
Original or QTPlus encapsulating mRNA overnight. The mRNA expression was determined
by Bright-Glo™ Luciferase Assay System (Promega, Madison, Wi).

In Vitro Gene Regulation. KB, AS49, THP-1, MC38, and RAW264.7 cells were
seeded at 3 x10° cells/well in 6-well plates 24 hours prior to treatments. Cells were treated
with scramble oligonucleotide or AM21 1n free solution, lipofectamine, QTsome Original,
and QTPlus. Total RNA was extracted using TRI reagent (€ymo Research) per
manufacturer protocol. cDINA was prepared by high-capacity cDNA reverse transcription
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kit (Tovitrogen, Waltham, MA, USA), and real-time qPCR (RT-gPCR) was done using
SsoAdvancedTM Universal SYBR® Green Supermix (Bio-Rad Laboratories, Hercules,
CAY on a QuantStudio 7 Flex Real-time PCR Systern. All the RT-gPCR primers were
purchased from Sigma-Aldrich. Beta-actin (Actb) was selected as the housekeeping gene
control. The relative amount of RNA level was calculated and compared according to the 2-
AACE method.

Colony Formation Assay. A549 cells were seeded at 100 celis/well in 24-well
plates 24 hours prior to treatments. Cells were treated with 16-mer and 20-mer AM21 in
free solution and QTPlus at concentrations of 1uM and 10uM. Cells were allowed to form
colony for up to T-week followed with fixation by methanol and colony detection by crystal
violet.

MTS Assay. AS49 cells were seeded at 3000 cells/well 1o 96-well plates 25 hours
before treatments. Cells were treated with QTPlus AMZ21 {concentrations from OnM fo
6 4uM}, erlotinib (OuM to 200uM), and a combination of QTPlus AM21 and erlotimb at a
fixed concentration ratio (QTPlus AM21/eriotinib of 6.4/200). After 72-hour treatment, cell
viability was examined by CellTiter 96® AQueous One Solution (Promega, Madison, Wi}
per manufacturer protocol. The synergistic effects by QTPlus-AM21 and erlotinib was
determined by CompuSyn software (The ComboSyn, Inc.).

Macrophage-Tumor Cell Co-culture Study Wound Healing Assay. MC38& and
RAW264.7 cells were seeded on 6-well plates in a total number of 6 x 10° cells per well
with a fixed macrophage-to-tumor cell ratio of 3/1. Cells were treated with 400uM of AM21
in free solution or QTPlus with or without lug/ml of lipopolysaccharide (EPS) stimulation.
Celis were incubated for 24 hours at 37°C and collected for flow cytometry analysis,

For wound healing study, a scratch wound healing model was conducted to examine
the migratory ability of MC38 cells in the presence of macrophages following treatment. A
scratch wound across the well was made using a 10ul pipet tip immediately before
treatment. Cells were washed by PBS and incubated with complete media containing
400uM of AMZ1 1n free solution and (TPlus with or without Tug/ml of LPS stimulation.
Cells were allowed to proliferate at 37°C for 24 hours. Distances between edges of the
wound were measured by Nikon Eclipse Ti-S microscope {(Nikon, Tokyo, Japan).

Enzyme-linked Immunosorbent Assay (ELISA}, Human PTEN Matched
Antibody Pair Kit was purchased from Abcam {(Cambridge, UK). Humaon EGFR Matched
ELISA Antibody Pair Set was purchased from Sino Biological (Beijing, China}. A549 cells
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were seeded at 8 x10° cells/plate in 60mm culture dishes 24 hours prior to treatment. Cells
were treated with 10ug of QTPlus-AMZ21 and 20uM of erlotinib individually or in
combination. After overnight treatment, cells were harvested and homogenized in Pierce
RIPA buffer (Thermo Fisher Scientific). Total proteins were extracted after incubating on
ice for 30 minutes and centrifuged at 14000 x g for 30 minutes at 4°C. Protein
concentrations were quantified and unified by Pierce BCA Protein Assay Kit (Themo Fisher
Scientific). PTEN and EGFR concentrations were measured per manufacturer’s protocol.

in Vive Antitumer Efficacy Study. To determine the antitumor efficacy of
QTsome Onginal-encapsulating AM21, A549 NSCLC xenograft mouse model was
generated by subcutaneously inoculating nude mice with 1 x107 cells per mouse on the right
flack. Treatments were initiated once tumors reached approximately 100 mm’. Mice (n= 3}
were intravenously treated with saline, 4mg/kg QTsome Original-encapsulating ASG
against AKT, and 3. 5mg/kg QTsome Original-encapsulating AM21. The study was
conducted by Bioduro-Sundia {San Diego, CA, United States).

To evaluate the antitumor efficacy of (QTPhis-AM21 and the combination therapy of
QTPlus-AM21 and erlotintb, A549 xenograft mouse model was generated by
subcutaneously inoculating nude mice with 2.5 x10° cells per mouse on the right flack.
Treatments were initiated once tumors reached 50-100 mm’. Mice {n= 3} were
intravenously treated with saline, 3mg/kg QTPlus-encapsulating scramble oligonucleotide,
3mg/ke QTPlus-AM21, orally treated with 50mg/kg erlotinib, or QTPlus-AM2 Verlotinib
combination (mg/kg QTPlus AM21 and 50mg/kg erfotinib).

To evaluate the combination therapy of QTPlus-AM21 and anti-PDL1 therapy,
MC38 murine colorectal syngeneic model was generated by subcutaneously 1noculating
C57BL/6 mice (obtained from Charles River Laboratories) with 1x 10° cells per mouse on
the right flack. Treatments were initiated once tumors reached 50-100 mm’. Mice (n= 5)
were intraperitoneally treated with saline, 3mg/kg QTPlus-encapsulating scramble
oligonucleotide, 3mg/kg QTPlus-AM21, 10mg/kg atezolizumab, and QTPlus-
AM2V/atezolizumab combination Omg/kg QTPlus-AM21 and 10mg/kg atezolizumab).

All mice were dosed every 3 days for 5 doses. Tumor growth and body weight were

monitored, and the tumor volumes were calculated according to the formula:

Length x Width?®
2

Tumor Volume =
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All animal studies were reviewed and approved by The Ohio State University
Institutional Laboratory Animal Care and Use Committee (JACUC). All mice were
euthanized one day after the last dose to peak the immune activation and protein expression

in TME. Terminal Tumor growth inhibition (%6TGI) was deternuned by the formula:

1 (TofTo) /(Ce/ o
TGE = - f’jf( o2 100%
R 1y

where T stands for average tumor volume of treatment group at the day of measurement, To
stands for average tumor volume of treatment group at day 0, Cy stands for average tumor
volume of the control group at the day of measurement, and Co stands for average tumor
volume of the control group at day 0. %TGL > 50% was considered meaningful.

Flow Cytometry. Alexa Fluor 700 anti-mouse CD45 (30-F1 1), APC/Cvanine7 anti-
mouse CD3e (145-2C11, FITC anti-mouse T4 (RM4-S), PE/Cyanine7 anti-mouse CD8a
(53-6.7), PE anti-mouse FOXP3 (MF-14), and BY-650 anti-mouse NK1.1 (PK136) were
used for detection of lymphoid cell populations in mouse tumor. FITC anti-mouse F4/80
{BMS), PE anti-mouse CD206 {CO68C2), BY-605 anti~-mouse CDBG (PO3), APC-Cy7 anti-
mouse CD1 b (M1/70), and BY-650 anti-mouse Gr-1 (RB6-8C5) were used for detection
of myeloid cel populations in mouse tumor. All the fluorophore-conjugated antibodies and
True-MNuclear Transcription Factor Bufter Set tor FOXP3 staining were purchased from
Biol.egend {San Diego, CA, USA). Single-cell suspensions of tumor tissues in FACS
staining butfer were stained per manufacturer protocol. Stained cells were analyzed using
an LSR H flow cytometer in Flow Cytometry Shared Resources (FCSR) at The Ohio State
University Comprehensive Cancer Center.

Statistical Analysis. All studies were done n triplicate. Data are presented as means
+ standard deviations unless otherwise indicated. Statistical analysis will be conducted
using Microsoft Excel. One-way ANOVA was used to determine variances in means
between two or more treatment groups. Student’s t test was used as a posi-hoc analysis to
determine statistically significant ditferences between any two groups. A p-value of 0.05

was selected as the cutoff for statistical significance.
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Resulis

Optimizing QTsome Original inte QTPlus Formulation. The mRNA delivery
ethiciency of QTPlus with different components were compared with QTsome original,
lipofectamine, and LNP standard from Moderna (Moderna STD) in vitro (Figures 1A-1G).
In terms of cationic lipid, higher amount of cationic lipids exhibited higher mRNA delivery
efficiency (Figures 1A, 1B, and 1C). The mRNA delivery efficiency by QTPlus with
different types of commercialized tonizable lipids were also evaluated. In this analysis, A-
066 was the most suitable for mRNA delivery in QTsome platform (Figure 13), with DOPE
the most suitable as helper lipids (Figure 1E). QTPlus were also tormulated based on two
different protocols (1-Step and 2-Step). Tt was surprising that, 1o the contrary to standard 1-
Step LNP/mRNA formulation protocol, the QTPlus-mRNA developed by 2-Step
formulation exhibited superior mRNA delivery to HEK293 cells (Figure 1F). Lastly, the
mRNA expression in vitro was impaired as the formulation temperature increased (Figure
15} Therefore, QTPlus-mRNA were developed under room temperature instead of 60°C
pre-incubation prior to formulation.

QTPlus Delivering Both mRNA and Oligonucleotides. Particle sizes of the empty
QTPlus and the QTPlus-AMZ21 were larger than the empty QTsome Original and the
QTsome Oniginal-AM21 which are 80-90um (empty QTPlus) and 110-1200m (QTPlus-
AM21) (Figure 2A). The particle sizes of QTPlus-AM21 also slightly increased to 140nm
after titrating the final product to pH-neutral selution (Figure 2A). The QTPlus-AMZ1
exhibited a compact sphere structure with a single lipid layer wrapped outside (Figure 2B)
and was capable to encapsulate any amount of oligonuclectide of N/P ratio from 3 to 10
{(Figure 2C).

16-mer Versus 20-mer AM21. Different length AM21 oligonucieotides were
designed to evaluate the sequence length-dependent gene regulation and antitumor effects
(Figures 3A-3B and Figures 4A-4C). The 16-mer and 20-mer AM21 exhibited different
miR-21 downstream gene regulation profiles when treated into A549 cells in free solution
and QTPlus formulation (Figures 3A-3B). However, 16-mer AM21 was superior in
reducing the particle aggregation when titrating the final QTPlus-AM21 product to pH-
neutral solution (Figure 4A). In addition, 16-mer AM21 was superior in inhibiting A549
cell growth in vitro when treated with free sclution or QTPlus formulation (Figures 4B and

4Cy.
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Gene Regulation by TPluas-AM21 in Tomor Cells In Vitro. In KB and AS549
cells, AM21 consistently induced Aktl downregulation, Ddahl upreguiation, and Pdll
upregulation (Figures 5B and SC). However, the roles of AM21 1o regulating Bel2, Pten,
and Pded4 expression are controversial when AMZ21 is transtected by free solution and
QTsome Onginal or QTPlus to cells (Figure 5B and 5C). Based on these profiles, (JTPlus-
AM21 showed the highest gene regulation levels in AS49 cells compared with KB and
Hep3b cells in vitro (Table 1). Again, QTPlus was also demonstrated to exhibit higher gene

delivery efficiency than QTsome Original (Figure 5C).

Table 1. nuR-21 downsiream gene regulation by QTPlus-AMZ1 in KB, AS49, and Hep3b

cell lines.

KB AS849 Hep3b
m‘fi ig‘;‘;;ﬁ;:gﬁ mRNA Expression +STD
Aktl 0.89::0.10 6.22:0.02 1.67:60.30
Bel2 1.2040.11 8,44::0.05 8.89+0.23
Ddahi 1.2746.12 10.64::0.80 3.68£0.94
Pdit §.99::0,12 10.030.69 4.07+1.94
Pten 1.08+0.19 116011 0.71£0.14
Pdedd 1.2540,15 1.16:0,28 0.68:0.18

Synergistic Effect between QTPlus-AM21 and Erlotinib, QTPlus-AMZ1 did not
exhibit acute cytotoxicity in A549 cells when treated in a ranged concentration up to 6.4uM
{(Figure 7). However, when AM21 were long-termly treated in A549 cells to evaluate
colony formation, QTPhus-AM21 exhibited rouch higher inhubitory effect 1u colony
formation compared with free AM21 (Figures 6A and 6B). Interestingly, QTPhis-AM21
could sensitize A549 cells to the edotinub cytotoxicity when QTPlus-AM21 were treated
together with erfotinib at a fixed concentration ratio (Figure 6C). The combination index
between QTPlus-AM21 and erlotinib was 0.60, and the dose reduction index (DRI} tor
QTPlus-AM21 and erlotinib were 6 26 and 2 .26 respectively. Combination treatment of
QTPlus-AM21 and erlotinib also enhanced PTEN expression (Figure 8A) and inhibited

EGFR expression (Figure 8B) pharmacologically in vitro based on ELISA results.
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In Vive Antitumeor Activity of QTsome/QTPlus-AM21 against NSCLC.
(¥Tsome Original was initially used for AM21 delivery in vivo. QTsome Original
encapsulating ASO against AKT (QTsome Original-anti-AKT AS() was also desigued as a
control group to compare with antitumor activity between inhibiting miR-21 and one of its
downstrearn oncogenes. Although the antitumor efficacy of §Tsome Original-AM21 was
Himited, it i3 still higher than QTsome Original-anti-AKT ASO (Figure 9). When QTPlus
were applied to delivery AMZ21 in vivo, the antitumor responses were significantly
increased (TGI% from 37.9%+30.3 of QTsome Original-AM21 to 81.0%:+4.9 of QTPlus-
AM21). Though not statistically significant, the combination therapy of QTPlus-AM21 and
erlotintb showed higher antitumor activity in vivo (with TGI% of 84 4%+7.2) (Figure 10},
{r addition, synergistic PTEN upregulation and EGFR downregulation was observed in vivo
by the combination therapy of QTPlus-AM21 and erlotinib (Figures 8C and 8D) No
significant differences in body weight in mice treated with QTPlus-AM21 and erlotinib
individually or tn combination had minor systemic toxicity.

Immunoregulation by QTPlus-AM21. Pd1 upregulation was observed in naive
human and murine macrophages without LPS stimulation (Figures 11A and 1B). In
addition, QTPlus-AMZ21 could eshance Cd86 upregulation in both human and murine
macrophage cell lines when they are polarized into M1 population by LPS stimulation
{Figures 11C and 113}, The activated M1 macrophages treated with QTPlus-AM21 also
enhanced Cxcl10, 1-12p40, and Tnfa expression in vitro (Figure 12}, When mouse
macrophages RAW264.7 were co-cultured with mouse colorectal cancer cells MC38,
treatment with QTPlus-AM21 could increase macrophage proliferation and polarization into
M1 population (Figures 13C and 13D}, This macrophage polarization by QTPlus-AM21 1
also associated with increased apoptosis in MC38 cancer cell population (Figure 13B)
which eventually decreased MC38 growth and wound-healing effects in vitro (Figure 13A).

Preliminary animal studies showed that QTPlus-AM21 also exhibited antitumor
activity in MC38 syngeneic mouse model (Figure 14) Mice treated QTPlus-AM21 exhibited
final TGI% of 68 33%+12 4. However, the antitumor activity by QTPlus-AMZ1 was not
significantly improved wheun the dose was increased from 3mg/kg to 6mg/kg (Figure 14).
Nonetheless, treatment with QTPlus-AMZ21 showed increased CDM4 S+ tumor-infiltrated
immune cells (Figures 15A and 15B) and F4/80+CD86+ M1 populations (Figures 15C and
1583). Significant upregulation of Cxcl10, Ifha, and Tnfa was observed 1o spleens from mice
treated with QTPlus-AM21 (Figure 16A). H-12 expression was not affected by QTPlus-
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AM21 in vivo compared with 1n vitro results (Figure 12). PAU/Pd1 upregulation was
observed in tumor (Figure 16B) and spleen (Figure 16C) tissues from mice treated with
OTPlus-AM21.

Combination Therapy of QTPlus-AM21 and Atezolizumab. In MC38 syngeneic
mouse model, both QTPlus-AM21 monotherapy and QTPlus-AM2 Vatezolizumab
combination showed significant antitumor responses. Though not statistically significant,
the combination therapy of QTPlus-AM21 should synergistic antiturnor activity with
atezolizumab in MC38B syngeneic mouse model. No significant differences in body weight
in mice treated with QTPlus-AM21 and atezolizumab individually or in combination had
UNOT 8y Stemic toxiciy.

Biscussion

QTPlus as an efficient non-viral gene delivery platform. LNPs have been
developed as promising platform to deliver a variety of therapeutic agents. Liposomes were
first developed to encapsulate small-molecule chernotherapies as anticancer therapeutics.
The benefits of using LNPs to deliver small molecules are to enhance the therapeutic
etficacy by increasing the half-life of active compounds in systeric fluids and targeting
tumors through EPR effect. To maintain these advantages, the components of traditional
LNP for small molecule delivery usually contains certain amounts of PEG lipids to prevent
degradation LNP/drug complex in systemic thuds and to reduce particle size for EPR effect.
However, these designs for traditional LNPs may not be capable of delivering genetic
payloads since gene delivery requires a rapid drug releasement from LNP to cytoplasm to
achieve therapeutic gene regulation or expression. Therefore, when applied for gene
delivery, LNPs are expected to prevent degradation in systemuc fluids but to rapid release
their cargos by endosomal escape once they are internalized by cells, suggesting that lower
amounts of PEG lipids and more amounts of functional lipids should be considered when
designing LINPs for gene delivery.

By lowering the amount of cationic lipids and PEG lipids, QTPlus showed
significant increases in mRNA delivery in vitro compared with QTsome Original (Figures
LA-1C). Phosphatidylethanolamine (PE) lipids with unsaturated fatty acid chains tend to
form inverted hexagonal (Hn) phase which could greatly facilitate endosomal escape.
indeed, QTPlus with BOPE as the helper lipid showed the highest mRNA expression in
vitro (Figure 1E). The gene delivery efficiency by womzable lipids may vary based oo the
specific design of different LNPs. Here in the QTPlus platform, A-066 showed the highest

39



i

10

20

25

30

WO 2024/044370 PCT/US2023/031171

mRNA delivery efficiency compared with other commercialized 1onizable lipids (Figure
1D}, In terms of formulation procedures, the mixing of empty QTPlus with RNA solution
may generate more sealed particle structure o prevent contact between encapsulated RNA
and nucleases in the systemic fluids which may be the reason that 2-8tep QTPlus-mRNA
formulation exhibited higher mRNA expression than 2-Step (Figure 1F). Lastly, the
(TPlus-mRNA product con be developed under room temperature to prevent RNA
hydrolysis after heating (Figure 1G).

in terms of oligonucleotide delivery, (JTPlus was also able to deliver AMZ1.
Although QTPlus-AM21 exhibited larger size than QTsome Oniginal-AM21 (Figure 2A),
the particle size within 200nm 1s considered suitable for celiular uptake. QTPlus also
showed great encapsulation rate for AM21 with N/P ratio from 3 to 10 as demonstrated by
gel electrophoresis (Figure 2C) where the capable N/P ratio of QTPlus could be more
tolerable than the current LNP-based vaccines. I general, QTPlus with optimized
compositions showed significant increases in both oligonuclectide and mRNA delivery in
vitro.

AM-21 as a potent antitumor agent against NSCLC, Although 16-mer and 20-
mer AM21 exhibit different miR-21 downstream gene regulation profiles (Figures 3A-3B),
16-mer AMZ21 was superior to 20-mer AM21 in inhibiting tumor cell growth in vitro
{Figures 4B and 4C). This is because mature miR-21 are often complexed with Ago2 in
cytoplasm where the binding domain between miR-21 and Ago?2 will be the first and 17" 10
2 nucleotides from §7 end. Therefore, a 16-mer ASO targeting miR-21 would bypass the
Agc? binding domains to achieve fully complementary binding with miR-21 but not Z0-mer
ASQ. The different gene regulation profiles of AM21 10 multiple cancer cell lines suggests
that NSCLC is the most sensitive to dysregulated miR-21 biclogical processes compared
with other types of tumors (Table 1), Therefore, NSCLC was chosen as the main indication
for QTPlus-AM21,

Moreover, QTPlus was able to greatly enhance AM21 delivery compared with
AM21 transfection in free solution (Figures 6A and 6B), with tumor growth inhibition fully
relying on miR-21 inhibition rather than acute cytotoxicity by QTPlus (Figure 7).
Pharmacologically, miR-21 regulation also shares some signaling pathways which could
enhance or remedy the therapeutic mechanisms by chemotherapies such as tyrosine kinase
inhibitors (TRIs)(30,31). Research showed that treatment with TKIs could recover PTEN
expression in lung cancer cells. However, EGFR-mutant lung cancer would develop TKI
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drug resistance by inlubiting PTEN expression. Here, treatment with QTPlus-AM21 could
promote PTEN expression as well as inhibiting EGFR level in A549 TME (Figures 8A-8D)
which eventually lead to promising antitumor efficacy by QTPlus-AM21 monotherapy and
QTPlus-AM2 V/erlotinib combination therapy (Figure 10), suggesting that QTPlus-AMZ1
would be a promising anticancer agent as monotherapy or with combination with first-line
TKi-based chemotherapies against NSCLC,

AM-21 turned tumor hot which benefits anti-PDL1 therapy. Although
researchers have demounstrated that miR-21 deficiency would lead to macrophage
polarization into M1 populations and other antitumor immune responses in transgenic nuR-
21-depletion mice, there 1s very few evidence showing that antisense oligomucleotide
therapies could also effectively induce two-way therapeutic effects targeting tumor and
immune system. Here, the QTPlus-AM21 induced upreguiation of CD86 in both humwan and
mouse macrophages (Figures 11C and 11D} which was further demonstrated to induce
macrophage proliferation and M1 polanzation by flow cytormetry results (Figures 13C and
1353}, Moreover, M1 macrophages stimulated by QTPlus-AMZ21 could tnhibit MC38 cancer
cell growth and wound-healing (Figure 12) at the same time when QTPlus-AM21 could
direct induce apoptosis in MC38 cancer cell populations (Figures 13A and 13B). This effect
could be explained by the eytokine- or chemokine-dependent cytotoxicity that the secreted
CXCL10, 1-12, and TNFa in QTPlus-AM21-stimulated macrophages could inhibit MC38
cancer cell growth in vitro. Although 3mg/kg of QTPlus-AM21 showed significant
antitumor activity in MC38 syngeneic mouse model, omg/kg of QTPlus-AM2Z1 did not
exhibit a significant higher response (Figure 14). This might be due to the upregulated
PD1/PD-L expression by QTPlus-AM21 as demonstrated 1o vitro and in vivo which
enhanced immune escape of tumors (Figures 11A and 118, Figures 168 and 16C).
Nonetheless, QTPlus-AM21 treatment to syngeneic tumor-bearing mice successfully
increased CD45+ tumor-infiltrated immune cells and F4/80+ CD86+ M1 populations in
TME (Figures 15A-15C), suggesting that QTPlus-AM21 could turn tumor “hot” which
would be beneficial for additional immunotherapies. Eventually, QTPlus-AM21
monotherapy and QTPlus-AMZ1/atezolizumab combination therapy both showed
significant antitumor responses in MU38 syngeneic mouse model, suggesting that QTPlus-
AM21 would also be a strong anticancer agent as monotherapy against colorectal cancers or

with combination with PD1/PD-L1 immune-checkpoint blockade.
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Conclusion

Increasing amount of approved nucleic acid therapeutics has demonstrated the
potential to treat diseases by gene regulation in vivo. However, their clinical translation
depends on delivery technologies which could improve stability, drug release by endosomal
escape and gene regulation profiles. LNPs provide a lipid compartment for nucleic acid
cargos which could sequester from serum nuclease activity and facilitate cellular uptake. In
the present study, the composition of QTsome was optimized for gene delivery, including
oligonucleotides and mRNA. The optimized QTPlus showed significant gene delivery
efficiency compared with QTsome Original. AM21 was developed against cancer and was
encapsulated into QTPlus to evaluate the antitumor efficacy 1 vitro and 10 vivo.
Pharmacologically, AMZ21 showed significant niR-21 downstream gene regulation and was
able to polarize wacrophage 1uto M1 population which tn favors of antitumor immune
responses. QTPlus-AM21 showed synergistic anfitumor activity in vivo in single or
combination treatment with edotinub and atezolizumab which shed light on its great
potentials as monotherapy against NSCLC and colorectal cancer and as adjunct therapy
with first-line TKi-based chemotherapies and immune-checkpoint blockade
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Example 2. Novel compositions of lipid nanoparticles for intramuscular delivery of
mRNA with reduced systemic gene expression,

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2} is known as the
pathogen which causes the coronavirus disease 2019 {COVID-19). Coronaviruses are
single-stranded RNA viruses coated by the lipid membrane containing envelope (E),
mermbrane (M) and spike (8) proteins. During the recent two years, the outbreak of COVID-
19 pandemic has had major influence on the whole world. By November 2021, there are
niearly 0.25 billion coronavirus cases in the world, of which about 5 nmillion deaths. The
high morbidity and mortality of SARS-CoV-2 promotes the need of effective vaccines. In
2020, two mRNA vaccine candidates, mRNA-1273 and BNT162b2, were developed for the
defense of COVID-19 by Moderna and Plizer/BioNTech respectively. Messenger RNAs
{mRNAs) are a type of single-stranded molecule of nucleic acids transcribed from DNA.
mRNAs play an essential role 1n transferring genetic message from the nuclet to the
ribosomes where the proteins are synthesized. mRNAGs as vaccines have an advantage that
they can encode any proteins while they do not have to be delivered to the nucler. The major
mRNA vaccine candidates encode § protein to activate antibody response against the
trimeric § protein of SARS-CoV-2. While the mRNA therapeutics are promising treatment
strategies 1o many diseases, the pitfalls have Himited their developroent. First, mRNA s
easily degraded by RINase in the plasma and has short circulation time without protection.
Also, negative charge of mRNA obstructs it go through the negatively charged cell
membrane, and in further target to the cytosol. In some situations mRNA may also cause
activation of undesired immune response. Lipid nanoparticles (LNPs) have enabled efficient
delivery of mRNA. LNPs containing ionizable lipids, of which the head group is posttively
charged, can encapsulate nucleic acids efficiently and sutficiently via self-assembly process.
mRNAs will then be trapped tn the inside aquecus phase and protected by LNP from RNase
and macrophage. Generally, a LINP prepared for mRNA delivery consists of a helper lipid,
an ionizable lipid, cholesterol, and polyethylene glycol (PEG) to forn a stable formnudation
with relatively long circulation time. For instance, mRNA-1273 is encapsulated by

Distearoylphosphatidyicholine (BSPC), cholesterol, ruethoxypoly {ethylene glycol)
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dimyristoyl glycerol (PEG-DMG), and SM-102, a high-performance pH-respounsive
ionizable lipid of which the patent belongs to Moderna.

While mRNA vaccines from Pfizer/BioNTech and Modemna have been
revolutionary in terms of their impact on public health during the COVID-19 pandemic,
there have been incidences of severe adverse reactions. It 1s reported that current SARS-
CoV-2 mRNA vaccing may cause severe myopericarditis,. While exceedingly rare, these
adverse reactions have a common reason cited for vaccine hesitancy. A possible cause of
the adverse reaction is systemic gene expression, which can be reduced if mRNA delivery
can be limited to the muscle, in other word, the local site of administration. A series of
novel compositions of lipid nanoparticles for mRNA vaccines injected by IM called
{¥Tsome are described in this Example. (Tsomes are LNPs that incorporate a combination
of quaternary {cationic) and tertiary amine {ionizable) lipids. They can further include other
lipids. In some examples, the QTsomes can be formed from a helper lipid, cholesteral,
PEG-DMG, an ionizable Hipid and 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP)
which is a cationic lipid carryving positive charge permanently. By introducing a cationic
tipid 1n the LNP, QTsomes are expected to perform etficient mRNA delivery by IM
injection and reduced systemic gene expression since most of mRNA will be restricted in
the muscle.

Materials and Methods

DSPC, DOPC, DOPE, BOTAP and cholesterol were purchased from Avanti Polar
Lipids (Alabaster, AL). DODMA and DMG-PEG2000 were purchased from NOF America
{White Plains, NY). SM-102 was synthesized by DC Chemical (Shanghai, China). A066
was synthesized by Dragon Pharma (Shanghat, China). Firefly huciferase roessenger RNA
chenmuicals or buffers otherwise stated were purchased from Fisher Scientific (Hampton,
NH}.

Helper lipids (including DSPC, DOPC and DOPE)}, DOTAP, ionizable lipids
{including SM-~102, A066 and DODMA}, cholesterol, DMG-mPEG2Z000 were mixed into a
tipid ethanol mixture at a molar ratio of 12:3-8:45-40:38.5:1.5. The lipid-ethanol mixture
was difuted to a final lipid concentration of 8mg/ml. Messenger RNA was diluted in 25mM
citrate acidic buffer, pH 2.75, at a concentration of 0.133mg/mL.. mRNA lipid QTsome+
nanoparticle was formulated by injecting 250uL of lipid ethanol solution into 750ul. of
mRNA/sodium citrate solution on a vortex at room temperature using a 29G-1/2” insulin
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syringe. The solution was mixed well on slow vortex for 15 minutes. Next, 100uL of 0.2M
Tris-HCl solution (pH 8.0) was added to the lipid QTsome+ nanoparticle solution, and the
pH was titrated to pH 7.4 using 2.0M sodium hydroxide solution. The pH was checked by
pH papers. To finalize the product, 1000gL of 20mM Tris-HCI solution (pH 7.4) was added
and the final solution was dialyzed in PBS overnight at 4°C.

The particle sizes and zeta potential (0} of nucleic acid-lpaded pH-sensitive
nancemulsion were analyzed by dynamic light scattering with a NICOMP Z3000 Nano
DILS/ZLS Systems (Entegris, Billerica, MA). The mRNA concentrations were measured by
Quant-it™ RiboGreen RNA Assay Kit.

ICR CD-1 Swiss mice were purchased from Charles River Laboratory. Anirsals
were housed in a temperature-controlied room under a 12hr light / 12hr dark cycle and fed
normal chow diet. All animal studies were reviewed and approved by the Ohio State
University Institutional Laboratory Animal Care and Use Committee. Both male and female
mice were used for experiments.

In vivo mRINA expression was quauntified by measuring firefly luciferase
bioluminescence. Mice treated with IM injection of FFLuc mRNA lipid QTsome+
nanoparticles at 1.5pg per leg were injected with luciferin intraperitonially § minutes prior
to bioluminescence measurements. Bioluminescence images were taken by a in vivo
imaging system (IVIS) under optimal exposure settings.

To evaluate the apparent pKa of the lipid QTsome+ nanoparticles including different
combinations of hipids, 2-(p-toluidino) naphthalene-6-sulfonic acid (TNS) fluorescence
assay was designed. TINS binds to positively charged lipids through electrostatic
interactions and emits strong fluorescence upon exciation. A series of universal buffers (a
combination of 10mM NaCitrate, 10mM NaPhasphate, 10mM NaBorate, and 150mM
NaCly with pH ranging from 3 to 12 was prepared. QTsomet were diluted in these buffers
at the final jonizable lipid (including SM-102, A066, DODMA and DOTAP]} concentration
of 75ud. TNS was then added to the final concentration at 6. O0puM. pH was measured after
thorough mixing of TNS and (Tsome+ using a pH meter. TNS Fluorescence was obtained
by transterring 200uL. of samples into a black-opague plate in triplicate, and reading using a
SpectraMax MS plate reader with the excitation {Aex} at 325nm and the emission (em} at
435 nm. It was assumed that in the presence of amino lipids, TNS fluorescence reaches a
maximum when 100% of the amino lipids are tonized, while TNS has hittle fluorescence
when the amino lipids are in the un-ionized state. Apparent pKa of the QTsome+ lipid
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nanoparticles could be elucidated by the following equation after fitting the data points with

a three-parameter sigmoid function, with FL against pH:

Fi, =

1—e b

Where FL i1s TNS fluorescence value, pKa 1s apparent pKa of the amino lipids, b is the
measure of the cooperativeness of the protonation process of amingo acids.

Hypothesis and Key Findings

Addiong a quaternary amine (permanently charged cationic lipids) limits liver
penetration and lowers systemic toxicity. This provides a compelling reason to select the
QTsomes described herein as the delivery platform.

Resuilts

To examine the delivery efficiency of QTsome+ lipid nanoparticles, FFLuc mRNA
was selected as the reporter gene of interest to be encapsulated into different QTsomet
formulations. Bioluminescence intensity was measured by Bright-Glo luciferase kit used as
the quantification of expressed firefly luciferase atter mRNA transfection. We treated
10,000 HEK293T cells overnight with 100ng FFLuc mRNA utilizing different formulations
with lipofectamine 3000 as the positive conirol. Here, we showed that bioluminescence
intensity significantly decreased when the mRNA lipid nanoparticles were formulated at
high teroperatures. mRNA lipid nanoparticles had the highest bioluminescence intensity
while formulating at room temperature. Therefore, the follow-on samples were formulated
at room temperature instead of 65°C or 37°C.

We then compared the delivery efficiency of different helper lipids including DSPC,
DOPC and DOPE. Here we demonstrated that DOPE outperformed DOPC and DSPC in
vitro using (JTsome+ lipid nanoparticles in delivering mRNA into cells. We also compared
the delivery efficiency of QTsome+ lipid nanoparticles containing different DOTAP
percentages. We fixed the overall charged/chargeable hipids composition at 48%. Here, the
result demonstrated that the bicluminescence intensity decreased as DOTAP percentage
increased. See Figures 19 and 20

To further explore the options for QTsome+ lipid nanoparticles, we further
decreased the DOTAP percentages within the formulations as well as changing the
ionizable lipids to industry standard DLin-MC3-DMA and patent-free A066. The
bioluminescence results suggested that switching to MC3 slightly increased the delivery

o2
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efficiency, compared to SM-102. Also, further decreasing DOTAP to 1.5% or increasing
ionizable lipids to 50% facilitated the delivery processes in vifro.

Compared to SM102, a QTsome including A066 has larger particle size, which may
result from the different structure of A066, which has short, branched tails that can
encapsulate nucleic acids with small molecule weight such as siRNA and miRNA more
efficiently, but not as good as SM102 when encapsulating large nucleic acids like mRNA.
See Figures 21A-21B.

When encapsulating B-Gal, the particle size of QTsome including SM102 is larger
than the same QTsome formulations encapsulating mBRNA-luc, that because the molecule
weight of B-Gal is larger than mRNA-fuc. 100ul samples was diluted in 3ml distilled water
respectively. Compared to other formulation, the absolute value of zeta potential of GQtsome
including DOPC was smaller than other formulations, which leads to a larger particle size.
Based on the results from B-Gal reporter asssay 100ng/well on HEK cell, GTM1-DOPE
formulation performed best, while Modermna forroulation was not as good as QTM1-DOPE
but better than Qtsome plus including DOPC and DSPC. See Figures 22A-22C.

To evaluate the effect of preparation temperature on the transtection efficiency,
several mRNA-luc LNPs were prepared at different temperature. Each group was incubated
at 37 degree for 20 hours after treating with 100ng mBRNA-luc LNPs on A549 cell line. The
transfection efficiency increased significantly with the decrease of temperature. LNPs
prepared at room temperature had most efficient transfection. See Figure 23.

According to the gel electrophoresis unage {see Figure 24), we can conclude that
FFLuc mRNAs were highly encapsulated within QTsomet lipid nanoparticles.

Based on TNS assay resulis (Figure 25), the apparent pKa (fithing data from TNS
assay} of QTsomet was highly correlated with the % of quaternary amine, which matched
our hypothesis in adding DOTAP as the agent to tune zeta potential as well as apparent pKa
of a specific ionizable lipid. DOTAP can be viewed as an ionizable lipitd with infinite pKa
disruption}.

Interestingly, helper lipids play an important role in modulating apparent pKa.
Under the same % of DOTAP, DSPC gave the lowest pKa among all, which reflected in the
in vivo delivery efficiency (higher FFLuc expression}. DOPC and DOPE had similar pKa,

and the in vivo delivery efficiency was majorly managed by the fusion ability of DOPE.
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It’s worth coraparing DSPC + 1.5% DOTAP and DOPE + 1.5% DOTAP to see
which gives the better delivery efficiency. See Figures 26A-26B.

The 1o vivo tojection resulis showed that there was no significant difference between
DSPC, DOPC, or DOPE 1n FLuc expression. Another run of injections will be done to
increase the N value for statistics. See Figure 27.

The in vivo injection results showed that there was a reverse trend of FLuc
expression versus DOTAP percentages. (+7T percentage of all the samples were fixed at
48%;, and DOTAP percentage was the parameter of interest in this experiment. However, by
one-way ANOVA, there was no significant difference between each group (left figure). It
we discarded two low-expressed samples (matked in the orange arrow), the trend was wore
cbvigcus. One-way ANOVA significances were shown between 1.5 vs. 5.0, 1.5 vs. 8.0, and
3.0 vs. B.0. See Figure 28

By combining two rounds of IM injections, the in vivo results showed that there
were no significant differences between different helper lipids. However, DOPE still rather
outperformed PC-based helper lipids. We also showed that by increasing DOTAP
percentages within the formulation, the in vivoe delivery efficiency decreased, which
matched the in vitro experimental results.

Piscussion

Liptd nanoparticles (LNPs) have been developed for several decades for the delivery
of nucleic acids since they can protect nucleic acids from degraded by nuclease and
eliminated from the circulation. mRNA LNPs including an ionizable fipid, such as mRNA-
1273, can help reduce the zeta potential of mRNA LNP and subsequently decrease the
cytotoxicity. However, it has been found that there was liver penetration of mRNA after IV
or IM injection, which in further may cause systemic toxicity. In this Example, a strategy
has been found to limit the liver penetration of mRNA to lower the systemic toxicity by
adding additional cationic liptds containing quaternary amines like 1,2-Bioleoyi-3-
trimethylammonium propane (DOTAP) or 1,2-Dholeoyl-3-trimethylammonium propane
{DOTMA), which carry positive charge permanently. Based on this hypothesis, we propose
this advanced nucleic acids delivery systerm QTsome as the preferred platform for mRNA
vaceine formulation.
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Example 3, siRNA Encapsulated in Lipid Nanoparticles Downregulates Akt and
Combination Therapy with Lenvatinib for the Treatment of Hepatocelluiar
Carcinoma

As the third most commeon cause of cancer death, hepatocellular carcinoma (HCC)
leaded to about 800,000 deaths in 2020, Hepatocellular carcinoma is the main type of hiver
cancer, which accounts for about 90% cases of liver cancer. Orthotopie hiver transplantation
{OLT) 1s considered to be one of the optimum strategies for the treatrent of hepatocellular
carcinoma. However, most of patients suffering from early-stage HCC cannot receive OLT
in time. With the development of diagnosis and therapy technology, HCC patients are more
fikely to be cured at earlier stages. Since abnormal gene expression resulting in uncontrolied
proliferation of hepatocytes, which subsequently causes the HCC formation, systemic
targeted therapies such as sorafenib have been applied for the regulation of oncogene-
relevant pathways. To adequately suppress the abnormal growth of cancer cell and achieve
expected therapeutic effect, targeting more thawn one pathway 1s helpful.

A small interfering RNA (siRNA) specifically targeting to Akt was designed n this
study to silence the Aktl mRNA expression and therefore downregulate protein translation,
as well as influence multiple downstream pathways. Aktl plays an essential role in cell
migration proliferation, and apoptosis. It has been believed to regulate anti-apoptosis in
many cell death paradigms. Dowuaregulation of Aktl gene expression will suppress
downstream signaling and promote cell death happening on cancer cells (Figure 29). The
siRNA was encapsulated 1o an advanced drug delivery system cousisting of cationte lipid
and ionizable lipid simultaneously called QTsome plus, which is based on previocus
(JTsome version designed by Yung et al in 2016°% Generally nucleic acids such as siRNA
and miRNA are delivered by lipid nanoparticles consisting of ionizable lipids instead of
cationic hpids to avoid cytotoxicity. However, the ionizable lipids 15 neutral at physiological
condition, the surface of liptd nanoparticles with no charge cannot taken up by cells easily.
To enhance the delivery efficiency of siRNA encapsulated in this study, QTsome plus
consisting of both quaternary ammontum and terfiary amine simultaneously was designed.
The quaternary amynoniu 18 permanently positively charged, of which the ratio 1s much
fower than pH-sensitive tertiary amine, therefore the hipid nanoparticles will not aggregate
and can fuse with negatively charged membrane at physiological pH condition while it wiil

not cause severe cytotoxicity at the same time.
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To enhance the anti~tumor effect on HCC model, a recently FDA-approved drug
Lenvatinib was also used as a combination therapy with siRNA-Aktl QTsome plus.
Lenvatinib works as a kinase inhibitor against multiple lanase including vascular
endothelial growth factor receptors (VEGFR) 1-3 and fibroblast growth factor receptors
(FGFR) 1-47. Lenvatinib has shown anti-turor activity against multiple cancers including
melanoma, thyroid cancer, and hepatocellular carcinoma®™®. The objective of this study is to
evaluate the anti-tumor effect of siRNA targeting Aktl encapsulated by novel vehicle and
the combination therapy of siRNA and Lenvatinib on HCC cell line~-derived xenograft
(CDX) model.

Materials and Methods

Materiais. Cholestero! and PEG-DMG were purchased from Avanti® Polar Lipids.
Lipids were purchased from MedChemExpress. Primers for RT-gPCR were purchased from
ThermoFisher® SYBR Green SuperMix was purchased from BioRad. Applied
Biosystem ™ high-capacity ¢DNA reverse transcription kits were purchased from FisherSci.
Primary and secondary antibodies for western blot were purchased from Cell Signaling
Technologies {CST) except antibody for human FRSZ, which was purchased from R&D
system. Mint-protein TGX Gels, Tris/Glycine were purchased from BIO-RAD. PY/RNase
Staining Buffer, BD Annexin V-FITC, and RNase A were purchased from FisherSci.
siRNA sequences were synthesized by Integrated DNA Technologies (IDT). Lenvatinib
was purchased from Caymen Chemical. Peripheral blood mononuciear cells (PBMCs) were
purchased from I} Biosciences. Human ELISA lats for IL-6, TNF-¢, and IFN-y were
purchased from ThermoFisher.

Preparation of siRNA-Encapsulated Lipid Nanoparticle Formulation. Mix the
stock solution of lipids, cholesterol and PEG-DMG together and inject it into Z5mM citrate
RMNase-tree water. Sonicate the empty lipid nanoparticle and then filter with 45 nm
membrane in sterile. Add siRNA to empty lipid nanoparticle with drug lipid ratio s 1112
After that, process dialysis to remove ethanol and adjust pH.

Cells and cell culture. Cell lines were purchased from JCRB cell bank. Hub7 was
cultured 1n Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum
(FBS} and Hep(G2, Hep3B, SNU3B7 were cultured in Eagle’s Minimum Essential Medium
(EMEM jsupplemented with FBS at 37°C in a 5% COn incubator. 100U/ml penicillin and

100ug/ml streptomycin were also added 1o the medium as a complete medium.
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Xenograft animal model. huh-7 cells + Matrigel suspension was injected
subcutanecusly {s.c.} into the flank of one hind leg of 6-8 weeks old male athymic BALB/C
mice. Tumor size was monitored continuaily until reaching around 100mm”. After that,
mice were divided into several groups and received treatment according to study design
respectively. Tumor size and body weight were measured datly or once two days. The
terminal of the study was when tumor size reaches 3000mm’, or severe necrosis, ulceration,
or bleeding happens, in which case mice would be sacrificed humanely. Tumor and tissue
coliection were processed for further study as needed. MU338 was resuspended in PBS with
density of 10%ml. 6-8 weeks age CS7BLG male mice were inoculated 10° MC3R cells each.
Treatment initiated once tumors grow ranges from 50-100 mrn’. Treatment was processed
every 3 days. Tumor size and weight was monitored daily. Hydrogel was provided once
weight loss larger than 10%. Mice were sacrificed on the day after 5 doses. Blood saroples
were collected for further study.

Bynamic light scatteving (DL5). Particle sizes were tested with Nicomp Nano
£3000 DLS/ZLS system {Entegris). Samples were dituted to 50-100ug/mi in PBS buffer
betore testing the particle size by dynamic hght scattering measurements. The intensity
weighting size distribution was reported by the instrument.

Cryegenic fransmission electron microscopy {Cryvo-EM). Cryo-EM images were
acquired by the Center for Electron Microscopy and Analysis {CEMAS) in the Ohio State
University. The suspension of lipid nanoparticles was placed on a copper grid coated with a
carbon filre. Theo remove the excess liguid. Lipid nanoparticles were frozen rapidly o
liquid ethane. Then the grid with samples was then transferred to the specimen chamber of
the transmission electron microscope (TEM). The specimen chamber was cooled with liquid
helium.

Real-time quantitative reverse transcriptase polymerase chain reaction (gRT-
PCR). Total RNA was extracted from tissues or cells in vitro by TRIzol reagent { Thermo
Fisher Sci). The ¢DNA was reverse transcribed from mRNA to cDNA with High-Capacity
cPNA Reverse Transcription Kit (Fisher Scientific). Then ¢cDNA was amplified 40 cycles
with needed primers. The relative cDNA levels were quantified by SYBR Green with
Applied Biosystems QuantStudio 7 and using the comparative Cr method (AACT method)
for analyzing mRNA expression. B-actin was used as an internal control.

Western blot analysis, Cells were grown 1n 100mm Petri dishes for 48 hours betore
being lysed with lysis buffer (0.5M EDTA and 1% Triton X-100} in phosphate-buffered
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saline (PBS) containing protease inhibitor and phosphatase inhibitor cocktail. Protein was
measured and diluted to same concentration before adding Laemmii with 10% B-ME and
boiling for S minutes. Protetns then were added 1n each well of 10% Mini-protein TGX gels
and run in Tris/Glycine buffers at 100V for 80 minutes. Then transfer proteins to the
mermbrane in transfer butter at 180A for at least one hour. Air dry the membrane and block
with non-fat dry milk. Wash the membrane with TBST 3 times. Incubate the membrang
with 11000 primary antibodies in TBS bufter with 5% BSA for overnight at 4 °C, then
incubate the membrane with 1:5000 secondary antibody in TBS with 5% BSA. Wash the
mermbrane 3 times with TBST. Make imaging and analyze western blots after dripping ECL
reggents.

In vitro enzyme-linked immunosorbent assay. The level of cytokines was
analyzed using commercial ELISA kits from ThermoFisher for the detection of human IL-6,
TNF-a, and IFN-y atter treatment. ELISA was processed following the protocol provided
by manufacturer. Plate was read at 450um wavelength with microplate reader.

Flow cytometry analysis. Cells were seeded in monolayers and incubated for
overnight before harvested by 0.25% trypsin, 0.02% EDTA . Cells were resuspended and
counted before washing in PBS with 0.5% BSA and collected by centrifugation. For the cell
cycle distribution assay, cells were washed by cold PBS and then fixed with 75% ethanol
for at least 12 hours. Dying and dead cells were stained with propidium icodide and excluded
from analysis. Duplicates and dead cells were also exciuded by gating with FSC and SSC.

Anti-tumor study in vive. In the treatment of sIRNA against Akt on nude mice
study, mice were inoculated with 3*10° huh-7 cells suspension via s.c. Once tumor grew to
about 100mm’, mice were divided into groups with similar average tumor size, respectively.
siAktl was given every 3 days. After treatment, mice were monitored for 2 days and
sacrificed. In the treatment of siRNA combined with Lenvatinub on nude mice study, mice
were inoculated with 2*10° huh-7 cells suspension via s.c. Once tumor grew to about
100mm’, mice were divided into groups with similar average tumor size, respectively. After
& dosages, animals were observed and sacrificed once tumor size grew larger than
3000mm’, or severe necrosis, bleeding, or ulceration happens.

Statistical analysis. All in vitro study were processed in triplicate. In all in vivo
study, each group had at least five mice respectively. Student’s t-test was used to determine
the significance of differences between the groups, data analysis with values of P-<<0.03
was considered as having statistically significance.
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Resulis

Physical characteristics of QTsome+ encapsulating siRNA. The particle size was
measured by Dynamic light scattering (DLS) The siRNA was encapsulated by Q3 Tsomet
with drug lipid ratio 1:12. lonizable lipids, cholesterol and PEG-DMG were mixed in
ethanol and injected into acidic Citrate butfer quickly. After probe sonication and filtered by
45nm membrane, the intensity wetghting diameter of empty (Tsome+ was 86.8nm with a
polydispersity index (PDI) of 0.189. Then siRNA aqueous solution was injected into empty
QTsomet solution under vortex. The intensity weighting diameter after titrated to pH 7.4
was 140 Inm with a PDI of 0.234, which benefits to distribute to tumor sites through
enhanced permeability and retention (EPR) effect (Figures 30A and 30B). A stugle peak
was observed in each sample and PDI value of two sample were relatively comparable,
which indicates that QTsome+ was nearly monodisperse during and after the preparation.
The intensity weighting diameter of encapsulated QTsome+ was larger than the empty one,
showing that siRNA was encapsulated. The structure of siRNA-encapsulated QTsomet was
characterized via cryo-EM. According to the data provided by software, 99% of empty
vesicle distribution are with less than 238 9nm and 99% of siRNA-encapsulated vesicle
distribution are with less than 322.1nm.

As shown in Figure 31, QTsome+ shows bilamellar structure with smooth particie
curvature. Some small vesicles showing lamellar structure also presents in the lipid
nanoparticle interior, which indicates that siRNA was surrounded by ionizable or cationic
fipids due to the interaction between posttive charge of lipid head group and negative charge

of nucleic acid, forming a water/cil/water system.

Table 2. Cumulative Result of particle distribution:

Empty QTsome+
25%of distribution < &6  ips4
e T S
75%of distribution < ii46 174
80% of distribution < 123.1
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siRNA-Aktl downregulate Aktl gene and protein level in HCC cell Huoe, The
effect of siRNA to suppress Aktl mRNA was initially evaluated on huh7, Hep3B, SNU387
and HepG2 cell cultures. siRNA was delivered via either lipofectamine 3000 reagent or
QTsomet and transtected into cells (Figure 32A). After 24 hours transfection at 25nM dose
of siRNA-scramble or siRNA-Aktl, mRNA was extracted, and reverse transcribed to
cDNA. mRNA expression was quantified by SYBR Green with Applied Biosystems
QuantStudio 7 and using the comparative Cr method for analysis. For each vehicle, siRNA-
scramble functions as an internal control of siRNA-Akt] to diminish the effect of vehicle on
gene expression. There is significant downregulation of Akt mRNA in huh7 and Hep3B
cell Hine treated with siRNA-Aktl, no matter which vesicle was used to deliver siRNA. In
terms of SNU387, the Akt downregulation in the cell treated with QTsome+ is also
significant while the transtection efficiency of siRNA encapsulated by lipofectamine 3000
is not as good as by QTsome+. Although slight downregulation of Aktl was observed,
neither Hpofectamine 3000 nor QTsomet performed good transfection efficiency on HepG2
cells, indicating that Hep(G2 is not an optimum model for siRNA-Akt1 transfection.
Different dose of siRNA was also tested on huh-7 and Hep3B to evaluate the relationship
between Aktl downregulation and dose (Figure 32B}. From 0.3nM to 30nM, higher dose
leads to more downregulation level of mRNA, while there 15 almost no downregulation
observed at (.3nM.

Western blot was then processed to evaluate the effect of siRNA-Akt] on the Aktl
protein expression. Cells were transfected 48 hours with PBS, 25nM siRNA-scramble and
25nM siRNA-Akt! encapsulated by QTsome+ respectively. According to Figure 32C, the
protein expression of Aktl was suppressed on huh-7, Hep3B and SNU3R7 cell lines after
treatment of siRNA-Akt! QTsomet, compared to the groups treated with PBS or siRNA-
scramnble. It demonstrates the siRINA-Akt] can suppress Akt protein expression in these
cell lines and evaluates that QTsome+ can deliver siRNA transmembrane to the cytosol and
target the mRNA etficiently.

It is known that proinfiammatory cviokines interleukin (1L }-6 and tumor necrosis
factor {TINF)-a play essential roles as mediators of immunity and inflammation, as well as
promoting macrophage polarization and inflammatory activity of macrophage. See Figure
328,

Cell cycle was evaluated by flow cytometry. Cells were transfected with PBS,
siRMNA-scramble or siRNA-Akt] at 25nM for 48 hours before fixing and staining.
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Separation of cells in GO/GL, § and G2/M phase was determined by the linear fuorescence
intensity after staining with propidium iodide (P1}. As shown in Figure 32E, sikRNA-Akt}
induces cell-cycle arrest in S phase. The proportions of cells 1n GO/G1T phase decreased,
accompanied with slight increase of the proportions of cells in the S phase. In huh-7, the
cell proportions of GO/G1 phase decrease from 59 5% to 46.5% with the treatment of
siRNA-Aktl, while the S phase increased from 11.1% to 17.3%, compared with PBS.
Simtlar trends were also observed in Hep3B and SNU387 cells. It indicates that
downregulation of Aktl by siRNA is responsible for the S phase accumulation in huh-7,
Hep3B and SNU387 cells.

Fo vive treatment of si-AKil resulis in anti-tumor activily on huh7 xenografis
without severe side effects on nude mice. To examine the in vive efficacy of siRNA-Aktl,
nude mice bearing huh7 xenogratts were treated with notmal saline, siRNA-scramble
QTsome+, or siRNA-Akt] QTsomet for 11 days. 8-10 weeks old nude male mice were
inoculated with 3*10° huh7 cells. Treatment initiated once average tumor size grew to 100-
150mm’. According to the animal data, sSiRNA-Akt] encapsulated by QTsome+ can
significantly suppress tumor growth at both 2mg/kg and 4mg/kg dose, of which the tumor
growth inhibition (TGE) rate 15 25.90% and 40.07% respectively. The anti-tumor effect of
dmg/kg siRNA-Aktl is better than Zmg/kg, which means there 1s positive correlation
between dose and effect to some extent (Figure 33A). Although the mechanism of the anti-
tumor activity is not clear, but it demonstrates that Aktl is a good target. The hypothesis is
5iRNA targets to macrophages and induces the macrophage polarization, subsequently
changing the tumor microenvironment. The average tumor size of mice treated with siRNA-
scramble has no significant difference compared to those treated with normal saline,
indicating that QTsome+ has minimum effect on tumor suppression. The average body
weight of all the groups treated with siRNA QTsome+ decreases with relatively simmlar
fevel, indicating that QTsome+ has slight toxicity as a vehicle, while Akt downregulation
has negligible effect on body weight loss. There were no severe side effects such as

dizziness, asthenia, dehydration, or ulceration happening (Figure 33B}.
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Table 3. Tumor suppression analysis on Day 11 of male athymic BALB/C mice inoculated

with huh7 xenogratt model.

Treatrnent Descriplion Tumor Size {mm®} on

Day 11 TG {%) on Day 11 P-value
Normal Saline 1512.0 / /

2mgfkg siRNA-sc 1432.2 5.28% {1.9692
(Tsome+

2mg/kg siRNA-AktL 11204 25.90% (3.2264
O¥some+

dmgfke siRNA-AkLl §06.1 40.07% 0.0392
QTsome+

siRNA-Akt] can suppress the growth of MC38 xenograft on C57BL6 mice. To
evaluate the anti-tumor efficacy of siRNA-Akt on murne cell line MC38,
pharmacodynamic study in vive was processed on CS7BL6 mice. Murine-derived celis
were resuspended in PBS with density of 10%/ml. 6-8 weeks age C57BL6 male mice were
inoculated 10° MC38 cells each. Treatment initiated once tumors grow ranges from 50-100
mm®. Treatment was processed every 3 days. Tumor size and weight was monitored daily.
Hydrogel was provided once weight loss larger than 10%. Mice were sacrificed 2 days after
4 doses. Blood samples were collected for further study.

According to Figure 34, the siRNA-Aktl has sigruficant ditference compared to
siRNA-scrambie at 4mg/kg dose, indicating that downregulation of Akt] can induce anti-
tumor effect in vivo. This may be caused by the induction of macrophage M1 subtype
which suppress the growth of exogenous tumor cells. Compared to group treated with
normal saline, siRNA-scramble shows slight turnor inhibition, but there is no statistically
significant ditference, iroplyiong the vebicle may have some influence on turmor suppression.
Combination of siRNA-Akt! and anti-PDL1 monoclonal antibody Atezolizumab shows
satisfying anti-tumor effect (72.4% TG compared to normal saline), and the significant
difference between the combination group and group treated with Atezolizumab alone
demonstrates downregulation of Akt] can promote the tumor suppression efficacy of anti-
PO, which illustrates that inhibition of both Aktl and PDL1 simultaneously can be a
good thinking tor cancer therapy.

These results are further described in the attached Appendix, which is hereby

incorporated by reference herein in its entirety.
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The compositions and methods of the appended claims are not limited 1o scope by
the specific compositions and methods described herein, which are intended as ilustrations
of a few aspects of the claims. Any compositions and methods that are functionally
equivalent are intended to fall within the scope of the claims. Various modifications of the
compositions and methods in addition to those shown and described herein are intended to
fall within the scope of the appended claims. Further, while only certain representative
compounds, components, compositions, and method steps disclosed herein are specifically
described, other combinations of the compounds, components, compositions, and method
steps also are intended to fall within the scope of the appended claims, even if not
specifically recited. Thus, a combination of steps, elements, components, or constituents
may be explicitly mentioned herein or less, however, other combinations of steps, elements,
components, and constituents are included, even though not explicitly stated.

The term “comprising” and varnations thereof as used herein is used synonymously
with the term “including” and variations thereof and are open, non-limiiing terms. Although
the terms “comprising” and “including” have been used herein to describe various
embodiments, the terms “consisting essentially of " and “consisting of” can be used in place
of “comprising” and “including” to provide for more specific embodiments of the invention
and are also disclosed. Other than where noted, all numbers expressing geometries,
dimensions, and so forth used in the specification and claims are 10 be understood at the
very least, and not as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, to be construed in light of the number of significant digits and ordinary
rounding approaches.

Unless defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of skill in the art to which the disclosed
invention belongs. Publications cited herein and the materials for which they are cited are

specifically incorporated by reference.
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WHAT IS CLAIMED IS

1 A pharmaceutical composition comprising a lipid particle encapsulating an active
agent, the lipid particle comprising:

one or more cationic lipids;

one or more ionizable lipids;

one or more neutral lipids; and

one or more PEGylated lipids;

wherein the one or more cationic lipids and the one or more ionizable lipids are
present in the lipid particle in amount effective to produce a pKa apparent of from 6 to 10,

such as from 6 to 8, as determined by a TNS pKa assay.

2. A pharmaceutical composition comprising a lipid particle encapsulating an active
agent, the lipid patticle comprising:

one or more cationic lipids;

one or more tonizable lipids;

one of more neutral lipids; and

one or more PEGylated hipids;

wherein the one or more cationic lipids and the one or more ionizable hipids are

present in the lipid particle 1o amounts that satisfy the expression below

6 <pKas+k*Q/T<10

were
pKag represents the pKa of the ionizable lipid;
k represents the empirical constant determined by a TNS pKa assay
(G represents the mole%e of the cationie lipid; and
T represents the mole% of the 1onizable lipid.
3. The composition of claim 2, wherein the one or more cationic lipids and the one or

more tonizable lipids are present in the lipid particle in amounts that satisfy the expression
below
6 <pKap+k * (/T8

were
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pKao represents the pKa of the tonizable hipd;
k represents the empirical constant determined by a TNS pKa assay
(3 represents the mole? of the cattonic lipid; and

T represents the mole% of the ionizable lipid.

4. The composition of any of claims 2-3, wherein Q/T is from greater than G to 1.
3/ 3 Pl

5. The composition of any of claums 1-4, wherein the one or more cationic lipids are
present in the lipid particle 1o an amount of from greater than 0 mol % to 10 mol %, based

on the total components forming the lipid particle.

6. The composition of claim 5, wherein the one or rore cationic lipids are present in
the lipid particle in an amount of from 0.5 mol % to 5 mol %, based on the total components

forming the liprd particle.

7. The composition of claim 5, wherein the one or more cationic lipids are present in
the fipid particle in an amount of from 4 mol % to 8 mol %, based on the total components

forming the lipid particle.

8. The composition of any of claims 1-7, wherein the one or more ionizable lipids are
o 3
present in the hipid particle in av amount of from 20 mol % to 65 mol %, based on the total

components forming the lipid particle.

9. The composition of any of claims 1-8, wherein the one or more neutral lipids are
p 3 , p
present in the lipid particle in an amount of from 35 mol % to 80 mol %, based on the total

components forming the lipid particle.

10, The composition of any of claims 1-9, wherein the one or more PEGvlated lipids are
Y > b,
present in the lipid particle in an amount of from greater than 0 mol % to 5 mol %, based on

the total components forming the lipid particle.

11, A pharmaceutical composition comprising a lipid particle encapsulating an active
agent, the lipid particle comprising:

&3
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from greater than O mol % to 10 mol %% one or more cationic lipids;
fass >
from 20 mol % to 65 mol % one or more ionizable lipids;
5
from 33 mol % 1o 80 mol % oue or more neuiral lipids; and
>

from greater than 0 mol % to 5 mol % one or more PEGylated lipids.

12, The composttion of claim 11, wherein the one or more cationic lipids and the one or
more ionizable lipids are present in the lipid particle in amounts that satisfy the expression
below
6 <pKao +k * /T <10

Were

pKag represents the pKa of the ionizable lipid;

k represents an empirical constant determined by a TNS pKa assay

() represents the mole% of the cationic lipid; and

T represents the mole%s of the ionizable hipd.

13, The composition of claim 12, wherein the one or more cationic lipids and the one or

more ionizable lipids are present in the lipid particle in amounts that satisty the expression

below
6 < pKao+k * Q/T <8
were
pKac represents the pKa of the tonizable lipid;
k represents the empirical constant determined by a TNS pKa assay
Q represents the mole% of the cationic lipid; and
T represents the mole% of the ionizable lipid.
t4.  The composition of any of claims 11-13, wherein the one or more cationic lipids are

present in the lipid particle 1n an amount of from 0.5 mol % to 10 mol %, based on the total

components forming the lipid particle.

1S, The composition of any of claims 11-14, wherein the one or more cationic lipids are
-

present in the lipid particle in an amount of from 0.5 mol % to 3.5 mol %, based on the total

components forming the lipid particle.

&4
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16. The composition of any of claires 11-14, wherewn the one or more cationic lipids are
present in the lipid particle in an amount of from 4 mol % to 8 mol %, based on the total

componeunts forming the ipid particle.

17, The composition of any of claims 1-16, wherein the one or more 1onmizable lipids are
present 1n the lipid particle tn an amount of from 30 mol % to 50 mol %, based on the total
components forming the lipid particle.

18, The composition of any of claimus 1-17, wherein the one or more ionizable lipids

comprise a lipid headgroup corprising a tertiary amine.

19 The composition of any of claums 1-18, wherein the one or more ionizable lipids
comprise N, N-dimethyi-2,3-dicleyloxypropylamine (BODMA), [(4-
hydroxybutyDazanediyvl dithexane-6, 1 -diyhbis(2-hexyldecancate) {ALC-0315), 9-
heptadecanyl 8-{(2-hydroxyethyl}|6-oxo-6-(undecyloxy thexyllaminooctanocate (SM-102),
DLin-MC3-DMA DLin-KC2-DMA, 1-(2,3-b1s{{({9Z, 127 )-octadeca-9,12-dien- 1 -

yhioxyypropyDpyrrolidine (A066}, or any combination thereof.

24, The composition of any of claims 1-19, wherein the one or more neutral lipids are
present in the lipid particle in an amount of from 30 mol % to 50 mol % of the total

componeunts forming the ipid particle.

21 The composition of any of claires 1-20, wherein the one or more neutral hipids
comprise dipalmitoylphosphatidylcholine (DPPC), dicleoviphosphatidylethanolamine
(DOPE), palmitoyloleovlphosphatidylcholine (POPC), egg phosphatidvicholine (EPC),

distearoylphosphatidyicholine (DSPC), cholesterol, or any combination thereof.

22, The composition of any of claims 1-21, wherein the one or more PEGylated lipids
are present in the lipid particle in an amount of from 0.5 mol % to 3 mol % of the total

components forming the lipid particle.

23, The composition of any of claires 1-22, wherein the one or more PEGylated lipids
comprise a PEG-ditetradecylacetamide, a PEG-myristoyl diglyceride, a PEG-diacylglycerol,

&5
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a PEG dialkyloxypropyl, a PEG-phospholipid, a PEG-ceramide, or any combinations

thereof

24, The composition of any of claims 1-23, wherein the one or more cationic lipids

comprise a lipid headgroup comprising a quaternary amine.

25, The composition of any of claims 1-24, wherein the one or more cationic lipids
comprise DOTMA: [1-(2,3-sioleyloxypropyh-IN N, N-trimethylammonium chlonde,
DMRIE, di-C14-amidine, DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP,
DOPE: Dioleyl phosphatidylethanol-amine, DOSPA (2,3~dioleyloxy-N-{2-(spermine
carboxamidolethyl}-N, N-dimethyl-1-propanaminium triflucroacetate), DORIE (N-{1-(2,3~
dioleyloxypropy}-N,N-dimethyl-N-bydroxyethylammonium bromide), DODARB, DOIC,
DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI: Dimyristooxypropy! dimethyl
hydroxyethyl aromonium bromide, DOTAP: dioleoyloxy-3-(irimethylammoniojpropane,
DC-6-14: O,0-~ditetradecanoyl-N- alpha.-trimethylammonioacety! ydiethanolamine chloride,
CLIP 1 rac-{(2,3-dioctadecyloxypropy Y 2-hydroxyethyl}-dimethylammonium chloride,
CLIPO: rac-[2(2,3-dthexadecyloxypropyloxymethvloxyjethvil-rimethvlammonium, CLIPY:
rac-{2(2,3-dihexadecyloxypropyvloxysuccinyloxyethyl -trimnethylammonium,
oligofectamine, fipids described 1n U.S. Patent No. 5049386, N-[1-(2,3-
dioleyloxypropyl}|-N, N-dimethyl-N-hydroxyethylammonium bronude (DORIE), 2,3-
dioleyloxy-N-[2-(sperruine carboxamidojethyl}-N N-dimethyl-1-propanaminium
triflucrcacetate {DOSPA), and the like as disclosed in International Publication Nos.
WO011/16024 and WO97/019675; DLinDMA and the like as disclosed in International
Publication No. W0O2005/121348&; and DLin-K-DMA and the like as disclosed in
International Publication No. WO2009/086558; and (3R 4R)-3,4-bis{{Z)-Hexadec-9-
enyloxy}-1~-methylpyrrolidine, and N-Methyl-N, N-bis(2-({£}-octadec-6-
envlioxyethyhjamine and the like as disclosed in International Publication No.

WO2Z011/13636, or any combination thereof.
26. The composition of any of claims 1-25, wherein the lipid particies have an average
diameter of less than 1 micron, such as from 50 nm to 750 nm, 50 nm to 250 nm, from 50

nm to 200 nm, from SO nm to 150 am, or from 30 nm to 100 nm.
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27 The composition of any of clairas 1-26, wherein the lipid particles have a

polydispersity index (PDI} of less than 0.4.

28.  The composition of any of claims 1-27, wherein the active agent comprises a nucleic
acid.
29, The composition of claim 28, wherein the nucleic acid comprises siRNA, mRNA, or

any combination thereof,

30, A method of delivering an active agent to a cell, the method comprising contacting

the cell with the composition of any of claims 1-29.

31, A method for in vivo delivery of an active agent to a cell, said method comprising

administering to a roammalian subject the composition of any of claims 1-29.

32 The method of claim 31, wherein the mammal 1s a human.

33, The method of any of claims 31-32, wherein the administration 18 infravenous or
intramuscular.

34, A method of systemucally admirnusiering an active agent to a subject in need thereof,

the method comprising intraveneously injecting a pharmaceutical composition comprising a
lipid particle encapsulating the active agent, the lipid particle comprising:

trom 0.5 mol % to 8 mol % one or more cationic lipids;

trom 20 mol % to 65 mol % one or more ionizable lipids;

from 35 mol % 10 80 mol % one or more neutral lipids; and

from greater than 0 mol % to 5 mol % one or more PEGylated hipids.

3S. The method of claim 34, wherein the active agent comprises an anticancer agent.

36. A method of administering an active agent to a liver of a subject, the method
comprising intraveneously injecting a pharmaceutical composition comprising a lipid
particle encapsulating the active agent, the lipid particle comprising:

&7
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from 0.5 mol % to 3 mol % one or more cationic hipids;
trom 20 mol % to 65 mol % one or more ionizable lipids;
from 35 mol % to 80 mol % one or more neutral lipids; and

from greater than 0 mol % to 5 mol % one or more PEGylated lipids.

37. The method of claim 36, whergin the active agent comprises an anticancer agent,

such as an active agent for the treatment of liver cancer.

38. A method of administering an active agent to a solid tumor in a subject, the method
comprising intraveneously injecting a pharmaceutical composition comprising a lipid
particle encapsulating the active agent, the lipid particle comprising:

from 3 mol % to 6 mol % one or more cationic lipids;

from 20 mol % to 65 mol % one or more ionizable lipids;

from 35 mol % to 80 mol % one or more neutral lipids; and

trom greater than 0 mol % to 5 mol % one or more PEGylated lipids.

39 The method of claim 36, wherein the active agent comprises an anticancer agent,
40, The method of any of claims 38-39, wherein the method targets the tumor
nieovasculature.

41 A method of administering an active agent to a hung of a subject, the method

comprising intraveneously injecting a pharmaceutical composition comprising a lipid
particle encapsulating the active agent, the lipid particle comprising:

from 6 mol % to 10 mol % one or more cationic lipids;

from 20 mol % 1o 65 mol % one or more ionizable lipids;

from 35 mol % to 80 mol % one or more neutral lipids; and

trom greater than 0 mol % to 5 mol % one or more PEGylated lipids.

42, The method of claim 41, wherein the active agent comprises an anticancer agent,

such as an active agent for the treatment of lung cancer.
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43, A method of locally administering an active agent to a subject in need thereof, the
method comprising intramuscularly injecting a pharmaceutical composition comprising a
fipid particle encapsulating the active agent, the lipid particle comprising:

from greater than 0 mol % to 5 mol % one or more cationic lipids;

from 20 mol % to 65 mol % one or more 1onizable lipids;

from 35 mol % to 80 mol % one or more neutral lipids; and

from greater than 0 mol % to 5 mol % one or more PEGylated lipids.

44, The method of claim 43, wherein the active agent comprises a nucleie acid.

45. The method of claim 44, wherein the nucleic acid comprises siRNA, mRNA or any

combination thereof

46, The method of any of claims 43-45, wherein the active agent comprises a vaccine.
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the priority date claimed
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considered novel or cannot be considered to involve an inventive step
when the document is taken alone
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Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. x Claims Nos.: 5-10, 15-33
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
--see Supplemental Box---

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4, 11-14

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l:l No protest accompanied the payment of additional search fees.
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Box Il (Lack of Unity):

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-4 and 11-14 are directed towards a pharmaceutical composition comprising a lipid particle encapsulating an active
agent, the lipid particle comprising: one or more cationic lipids; one or more ionizable lipids; one or more neutral lipids; and one or more
PEGylated lipids; wherein the one or more cationic lipids and the one or more ionizable lipids are present in the lipid particle in amount
effective to produce a pKa apparent of from 6 to 10, such as from 6 to 8, as determined by a TNS pKa assay.

Group lI: Claims 34-46 are directed towards a method of systemically administering an active agent to a subject in need thereof, the
method comprising intravenously injecting a pharmaceutical composition comprising a lipid particle encapsulating the active agent, the
lipid particle comprising: from 0.5 mol % to 8 mol % one or more cationic lipids; from 20 mol to 65 mol % one or more ionizable lipids;
from 35 mol % to 80 mol % one or more neutral lipids; and from greater than 0 mol % to 5 mol % one or more PEGylated lipids.

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group 1l requires a method of systemically administering an active agent to a subject in need thereof, the method comprising
intravenously injecting a pharmaceutical composition comprising a lipid particle encapsulating the active agent, the lipid particle
comprising: from 0.5 mol % to 8 mol % one or more cationic lipids; from 20 mol to 65 mol % one or more ionizable lipids; from 35 mol %
to 80 mol % one or more neutral lipids; and from greater than 0 mol % to 5 mol % one or more PEGylated lipids, not required by group I.

Shared Technical Features:

Groups |-l share the common technical features of a pharmaceutical composition comprising a lipid particle encapsulating an active
agent, the lipid particle comprising: one or more cationic lipids; one or more ionizable lipids; one or more neutral lipids; and one or more
PEGylated lipids.

However, these shared technical features do not represent a contribution over prior art because the shared technical features are as
being obvious over US 2016/0081944 A1 to Ohio State Innovation Foundation (hereinafter OSIF). OSIF discloses a pharmaceutical
composition comprising a lipid particle encapsulating an active agent (para [0009]: "lipid nanoparticles that can encapsulate therapeutic
oligonucleotides with high efficiency"; also see para [0155)), the lipid particle comprising: from greater than 0 mol % to 10 mol % one or
more cationic lipids (para [0028]: "the concentration of quaternary cationic lipids is below about 20.0 molar percent of the total lipid
content”; para [0182]: "the cationic lipids of the present disclosure may be present at concentrations ranging from about 0 to about 80.0
molar percent of the lipids in the formulation, or from about 5.0 to about 50.0 molar percent of the formulation"); from 20 mo! % to 65 mol
% one or more ionizable lipids (para [0027]: the concentration of the tertiary cationic lipids is below about 60.0 molar percent of the total
lipid content; para [0032]: "lipid nanoparticle formulation has a formulation comprising: DOTAP/DODMA/DOPC/Cholesterol/PEG-DPPE
at 15:26:36:20:4 mol/mol"; DOTAP is inherently cationic, DODMA is inherently ionizable, DOPC and cholesterol are inherently neutral
lipids, thus, disclosing 25 mol % content of ionizable lipid); from 35 mo! % to 80 mol % one or more neutral lipids (para [0032]; DPOC
and cholesterol 36 + 20 = 56 mol% content; also see para [0187]: "the lipid nanoparticles described herein may further comprise neutral
andfor amphipathic lipids"); and from greater than 0 mol % to 5 mol % one or more PEGylated lipids (para [0032); also see para [0186):
"1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-PEG2000 (DSPE-PEG2000); D-alpha-tocopheryl polyethylene glycol 1000
succinate (TPGS); dimyristoylphosphatidylethanolamine-PEG2000 (DMPE-PEG2000); and dipalmitoylphosphatidiyethanolamine-
PEG2000 (DPPE-PEG2000). The hydrophilic polymer may be present at concentrations ranging from about 0 to about 15.0 molar
percent of the formulation, or from about 5.0 to about 10.0 molar percent of the formulation"). Whereas OSIF does not disclose a single
example or specific embodiment, wherein cationic lipids are present in the said 0-10 mol % range (instead, para [0032] example
discloses 15 mol % content of the said ingredient), in view of the above disclosure (especially, para [0182]), it would have been obvious
for the person of ordinary skill in the art to design the said composition and maintain the said cationic lipid content within the specified
range in the course of routine experimentation in order to better control gene expression (OSIF, para [0005], [0119]).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups. Therefore, Groups I-Il lack unity under PCT Rule 13.

ltem 4 continued: claims 5-10, 15-33 determined unsearchable because they are dependent claims and are not drafted in accordance
with the second and third sentences of Rule 6.4(a)

Form PCT/ISA/210 (extra sheet) (July 2022)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - wo-search-report
	Page 144 - wo-search-report
	Page 145 - wo-search-report

