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DESCRIPTION

COMPOSITIONS AND METHODS FOR ORGAN SPECIFIC DELIVERY OF
NUCLEIC ACIDS

{0001} Thus application claims the benefit of prionty to Umited States Provisional
Application Serial No. 62/726,741, filed on September 4, 2018, the entire contents of which

arc hereby incorporated by reference.
BACKGROUND

i. Field
{8002] The present disclosure relates generally to the ficld of molecular biclogy. More
particularly, it concerns tissue specific delivery of a therapeutic agent such as a nucleic acid, a

protein, or a small molecule therapeutic agent in lipid nanoparticles.

2. Description of Related Art

{0003] The CRISPR/Cas (clustered regularly interspaced short palindromic repeat /
CRISPR-associated protein {Casy) technology can edit the genome in a precise, sequence
dependent manner, resulting in a permanent change. Because of the ability to target discase
causing muiations, it holds incredible promise for one-time cures of genetic diseases. To date,
successfid editing has been mediated maimly by wviral vectors, which require laboricus
customization for cvery target and present challenges for clinical translation due to
mmunogenicity, generation of antibodies that prevent repeat admimstration, and concems
about rare but dangerous integration events. There remains a clear nged to accomplish
CRISPR/Cas editing via synthetic nanoparticles (NPs) to expand the safe and effective

applications of gene editing,

{0004] CRISPR/Cas cnables sequence-specific DNA editing by the RNA-guided
CRISPR-associated protein 9 (Cas9) nuclease, or its homologs, that forms double-strand breaks
{(DSBs} in genomic DNA. Cas9 is guided by programmable RNA called single goide RNA
{sgRNA). The Cas9/sgRNA complex recognizes the complementary genomic sequence with a
3" protospacer adjacent motif (PAM) sequence. Following DNA cleavage, DSB repair
pathways enable directed mutagenesis, or insertions / deletions (indels) that delete the targeted
gene. For therapeutic utility, transient Cas9 expression 13 preferred to limit off-target genomic

alteration. Because both Cas9 protein and sgRNAs must be present in the same cells, co-
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delivery of Cas9 mRNA and sequence targeted sgRNA in one NP 1s an attractive method,
particularly for in vive use where tissue penetration and cellular uptake is more challenging.
CRISPR/Cas editing using viruscs, membrane deformation, ribonucleoprotein complex
delivery, and hvdrodyvnamic injection are functional, but have limitations that could hinder in
vivo therapeatic use in the clinic, inchiding persistent expression of Cas9 and off target editing.
Furthermore, these delivery system generally are not selective for the specific organs in which
editting is needed. For example, most lipid nanoparticles accunulate through the biological
processes n the hver thus reducing the efficacy of the composition on delivery nto the target

organ.

{0003] Similarly, other therapeutic agents such as proteins and small molecule
therapeutic agents could benefit from organ specific delivery. Many different types of
compounds such as chemotherapeutic agents exhibit significant cvtotoxicity. If these
compounds could be better directed towards delivery to the desired organs, then less off target

effects will be seen.

{00836] Therefore, there remains a need to develop new lipid nanoparticles which show

preferential delivery to specific oreans.
SUMMARY

{0007] In some aspects, the present disclosure provides lipid compositions which show
organ specific delivery of the lipid composition. These compositions may be used to deliver a

nucleic acid componernt fo a specific organ.
{0008} In some aspects, the present disclosure provides compositions comprising:

{A) athcrapeutic agent; and
{(B)  alipid nanoparticle composition comprising:

(1) a selective organ targeting compound;

{2} an ionizable catiomic hipid; and

(3} a phospholipid;
wherein the composition preferentially delivers the nucleie acid to a target organ selected from
the lungs, the heart, the brain, the spleen, the lvmph nodes, the bones, the boune marrow, the
skeletal muscles, the stomach, the small intestine, the large mitestine, the kidneys, the bladder,
the breast, the liver, the testes, the ovaries, the uierus, the spleen, the thymus, the bramstem,

60702958 2
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the cerebellum, the spinal cord, the eve, the ear, the tongue, or the skin. In some embodiments,
the target organ is selected from the hungs, the heart, the brain, the spleen, the lymph nodes, the
bones, the bone marrow, the skeletal muscles, the stomach, the small intestine, the large
miestine, the kidneys, the bladder, the breast, the testes, the ovaries, the uterus, the spleen, the

thymus, the brainstem, the cerchellum, the spinal cord, the eve, the ear, the tongue, or the skin.

{00609] In some embodiments, the target organ is the lungs, the lvmph nodes, or the
spleen. In some embodiments, the target organ is the lungs. In other embodiments, the target
organ is the spleen. In other embodiments, the target organ is the liver. In other erabodiments,

the target organ is the lvmph nodes.

{00160] In some embodiments, the sclective organ targeting compound is a permanently
cationic lipid. In some embodiments, the permanently cationic hipid 1s present in a molar
percentage of the lipid nanoparticle composition from about 5% to about 20%. In some
embodiments, the molar percentage of the permanently cationic lipid is present from about
129 to about 18%. In some embodiments, the molar percentage of the permanently cationic
tipid s about 15%. In some embodiments, the permanently cationic lipid is present in a molar
percentage of the lipid nancparticle composition from about 20% to about 65%. In some
embodiments, the molar percentage of the permanently cationic lipid is present from about
40% to about 61%. In some embodiments, the molar percentage of the permanently cationic

Epid 18 about 30%.

{0011] In some embodiments, the permanently cationic lipid comprises a quaternary

ammonium ion. In some embodiments, the permanently cationic lipid is further defined as:

wherein:

R and Rz are each independently alkylcs.czay, alkenviies.caey, or a substituted version
of either group:

Rs, Ry, and R:" are cach independently alkyvlw<e or substituted alkylcso);

X~ 1s a monovalent anton.

{00702958} o)
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{0012} In some embodiments, Ri1 1s an alkenvlcs-ca4y or substituted alkenvlcs-c24y. In
some embodiments, R is an alkenvlics.cag or substituted alkenvlce-c24y. In other embodiments,
Ry s an alkylcs-c29) or substituted alkvics-cuey. In other embodiments, R is an alkvhkescog or

substituted alkyvics-con.  In some embodiments, R1 and Rz are both the same. In some

(]

embodiments, Rz, R+, and Rs" are each identical. In some embodiments, Rs, R3', and Rs" are
cach methyl. In some embodiments, X is halide anion such as bromide or chloride. In some

embodiments, the permanently cationic lipid is further defined as:

W (i'i/
= <

O

{0013] In other embodiments, the permanently cationic lipid is further defined as:

10 R R
wherein:

Ra and R4’ are cach independently alkviws-co4y, alkenvlcs-c2a, or a substituted version

of either group:

R4 15 alkvlcwa, altkenylcay, or a substitated version of either group:;

13 Ra'" 15 alkylcr-csy, alkenyla-csy. or a substituted version of either group; and

Xz 15 amongovalent anion.

[0014] In some embodiments, Ra is alkvlce-caze or substituted alkvioscos such as
octadecyl.  In some embodiments, R4’ is alkvlos.czey or substituted alkyvicscie such as
octadecyl.  In some embodiments, Ra” 15 alkylcws or substituted alkvlcws. In some

20 embodiments, Ra” 15 alkvlicss) or substituted alkylccs) such as methyvl. In some embodiments,
R4 1s alkylci-cs) or substitoted alkylcicsy such as methyl, In some embodiments, Xz is a
halide such as chloride or bromide. In some embodiments, the permanently cationic hipid is
further defined as:

NN NN NN M

+N: _ ,31’
e P Wl N N NP Wl el Wy Me

25 {001 5] In some embodiments, the permanently cationic Tipid 1s further defined as:

60702958 4



WO 2020/051223 PCT/US2019/049565

1% O X
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{1A)
wherein:

R and Rz arc cach independently alkvies.cza, alkenylcs-czay, o1 2 substituted version
of either group;

5 Rs, Ry, and Rs" arc each independently alkvlcse) or substituted alkylic<s;
Ry 1s alkylcss) or substituted alkylcss), and
X is g monovalient anion.
{8016} In some embodiments, R is an alkenvlcs-casy or substituted alkenvlcs-c2ey. In
some embodiments, Rz is an alkenylce-cae or substituted alkenvics-cz4). In other embodiments,
10 Ruiis an alkyvles-caay or substituted alkviics-cze. In other embodiments, Rz is an alkyviges-cog or

substituted alkyles-czey. In some embodiments, R1 and R; are both the same.

80171 In some embodiments, B3, R3', and Rs" are each identical such as Rs, Ry, and
9 2 2
B3 are ecach methyl In some embodiments, Ra is alkyliese such as ethyvl. In some

embodiments, X is halide anion such as bromide or chlonde.

15 {0018] In some embodiments, the permanently cationic Hpid is further defined as:

) i
PGP\ O\P”O\/\N;L
OAK\ o \\b i~

\/\/\/\/\/\/\nﬁ

O

{0019} In other embodiments, the selective organ targetmg compound is a permanently
anionic lipid.  In some embodiments, the permanently anionic lipid is present in a molar
percentage of the lipid nanoparticle composition from about 5% to about 50%. In some
20 cmbodiments, the molar percentage of the penmanently anionic hipid 1s present from about 10%
to about 45%. In some embodiments, the molar percentage of the permanently antonic hipid 1s

about 30%. In some embodiments, the permanently amonic lipid comprises a phosphate group.

{0028] In some embodiments, the permanently amonie lipid is further defined as:

60702958 5
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wherein:

R and Rz arc cach independently alkvies.cza, alkenylcs-czay, o1 2 substituted version
of either group;

3 Rs s hvdrogen, alkvicss), or substituted alkylcss, or —Y1—Ra, wherein:
Y1 13 atkanedivlics or substituted alkanedivicse); and
Ra1s acyloxywss24) or substituted acyloxyvicssze.
{8021} In some embodiments, R is an alkenylcs-casy or substituted alkenvlwcs-c2ey. In
other embodiments, Rz is an alkenvlics-cag) or substituted alkenylcs-c24). In other embodiments,
10 Ruiis an alkyvles-caay or substituted alkviics-cze. In other embodiments, Rz is an alkyviges-cog or

substituted alkyles-czey. In some embodiments, R1 and R; are both the same.

wherein:

Y 18 atkanediviccs or substituted alkanedivlicss; and
15 Ry s acyloxycss-2e) or substituted acyloxyvicss24a.
[0023] In some ombodiments, Y1 is substituted alkanedivicss; such as 2-
hyvdroxypropanedivl. In some embodiments, Ra is acyloxyss2a) such as octadecenocate. In

some embodiments, the permanently anionic lipid is further defined as:

60702958 6
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{0024] In other embodiments, the selective organ targeting compound 15 a Ce-Cos diacyl

phosphotidvicholine. In some embodiments, the diacyl phosphotidyicholine s present in a

5 molar percentage of the lipid nanoparticle composition from about 3% to about 50%. In some

embodiments, the molar percentage of the diacyl phosphotidylcholing is present from about

10% to about 459 such as about 309%.

{0025] In some embodiments, the sclective organ targeting compound comprses at

least two fatty acid chains, a quaternary amine, and an anionic phosphate group. In some

10 embodiments, the diacyl phosphotidylcholing 1s further defined as:
o X

T S
Ry O/\]/\Q \Om N

LRy
3

Cu O R
b

Ra (IA)

wherein:

R and Rz are each independently alkylcs.czay, alkenviies.caey, or a substituted version

of either group:

60702958 7
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X" 1s a monovalent anion.

{0026] In some embodiments, Ry is an alkenylics-c24y or substituted alkenvlcs-ce). In
some embodiments, Ro is an alkenylcs-c2ey or substituted alkenvics-c2a). I other emmbodiments,
Ry is an alkylcs-c2q) or substituted alkviccs-caay. In other embodiments, Ro is an alkylcscos or

substituted alkyles-czey. In some embodiments, R1 and R; are both the same.

{0027] In some embodiments, Rs, Ry, and Rs" are each identical. Tn some
embodiments, B3, Ry, and R3” are each methyl In some embodiments, X7 i halide anion such
as bromide or chloride. In some embodiments, the diacyl phosphotidyicholine is further
defined as:

o o cl
/‘\/\/W\AM O
R N
Yy <IN
X

G

/N

[0028] In some embodiments, the ionizable catiomic Hpid is present in a molar
percentage of the lipid nanoparticle composition from abowt 3% to about 30%. In some
embodiments, the molar percentage of the ionizable cationic lipid is present trom about 7.5%
to about 20%. In some embodiments, the molar percentage of the ionizable cationic hipid is
about 11.9%. In some embodiments, the ionizable cationic lipid is present in a molar
percentage of the lipid nanoparticle composition from about 15% to about 30%. In some
embodiments, the molar percentage of the 1onmizable cationic lipid is present from about 15%
to about 25%. In some embodiments, the molar percentage of the ionizable cationic lipid 1s

about 2(.3%.

{0029] In some embodiments, the ionizable cationic hipid comprises an ammonium
group which is positively charged at physiological pH and contains at least two bvdrophobic
groups. In some embodiments, the ammonium group is positively charged at a pH from about
6 1o about 8. In some embodiments, the 1onizable cationic ipid is a dendrimer or dendron. In
some embodiments, the ionizable cationic lipid comprises at least two C6-C24 alkyl or alkenyl
groups. In some embodiments, the ionizable cationic Hipid comprises at least two C8-C24 alkyl

LrOups.

{0038] In some embodiments, the phospholipid 1s present in a molar percentage of the

lipid nanoparticle composttion from aboat 8% to about 20%. In some embodiments, the molar

60702958 8
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percentage of the phospholipid is present from about 10% to about 14%. In some
embodiments, the molar percentage of the phospholipid is about 11.9%. In other embodiments,
the phospholipid is present in a molar percentage of the lipid nanoparticle composition from

about 20% 1o about 23%. In some embodiments, the molar percentage of the phospholipid 1s

(]

present from about 20% to about 21%. In some embodiments, the molar percentage of the
phospholipid is about 20.3%. In some embodiments, the phospholipid is further defined as
1,2-dioleovl-sm-glveero-3-phosphocthanclamme or 1,2-distearovi-sp-glycero-3-
phosphocholine.  In some embodiments, the phospholipid is 1, 2-dioleoyi-sn-glycero-3-

phosphoethanolamine.

10 [0031] In some embodiments, the compositions further comprise a steroid. In some
embodiments, the steroid is present in a molar percentage of the lipid nanoparticle composition
from about 39% to about 46%. In some embodiments, the molar percentage of the steroid is
present from about 40% to about 43%. In some embodiments, the molar percentage of the

steroid is about 40.5%. In other embodiments, the steroid is present in a molar percentage of

[
(v

the lipid nanoparticle composition from about 15% to about 39%. In some embodiments, the
maolar percentage of the steroid is present from about 20% to about 27.5%. In some
embodiments, the molar percentage of the steroid 13 about 23 8%. In some embodiments, the

steroid is cholesterol.

{0032] In some embodiments, the compositions further comprise a PEGylated lipid. In

20 some embodiments, the PEGviated lipid is present in a molar percentage of the lipid
nanoparticle composition from about 0.5% to about 10.0%. In some embodiments, the molar
percentage of the PEGylated lipid 1s present from about 0.5% to about 5.0%. In other
embodiments, the molar percentage of the PEGvlated lipid is present from about 2.0% to about

2.8%. In some embodiments, the molar percentage of the PEGylated lipid is about 2.4%. In

25 other embodiments, the PEGviated lipid is present m a molar percentage of the hipid
nanoparticle composition from about 3.9% to about 4.6%. In some cmbodiments, the molar
percentage of the PEGvlated lipid is present from about 4.0% to about 4.3%. In some
cmbodiments, the molar percentage of the PEGviated hipid i1s about 4.1%. In some
embodiments, the PEGvlated hipid compnises a PEG component from about 1000 to about

30 10,000 Daltons. In some embodiments, the PEG lipid 15 a PEGylated diacylglycerol. In some

embodiments, the PEG lipid is further defined by the formmula:

D

{00702958}
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Ris

9
e
QWO\(\/\QR&

wheremn:

Riz and Ris are each independently alkylicaa, alkenvlicaa, or a substituted version of
either of these groups;

Re 18 hvdrogen, alkylcss), or substituted alkvics); and
X is 1-250,

In some embodiments, the PEG lipid is dmmyristovi-su-glycerol or a compound of the formuda:

L
T
£

wherein:
n1 18 5-230; and
n: and n3 are each mdependently 2-25,

{0033] In some cmbodiments, the compositions comprise cholesterol and DMG-PEG.
In some embodiments, the compositions comprise DOPE.  In other embodiments, the
compositions comprise DSPC. In some embodiments, the compositions further comprise
DLin-MC3-DMA.  In other embodiments, the compositions further comprise C12-200. In
some embodiments, the compositions further comprise 3A5-8C8, 3A3-SC8, 4A1-SC8, 4A3-
SC8, 3AZ-8C8 with five tails, or SAZ-S5CH with six tails. In some embodiments, the
compositions further comprise 5A2-5C8. In some embodiments, the compositions further
comprise DOTAP. In some embodiments, the composttions comprise cholesterol, DMG-PEG,

DSPC, BLin-MC3-DMA, and DOTAP.

{0034] In some embodiments, the therapeutic agent is a small molecule such as a small
molecole selected from an anticancer agents, antifumgal agents, psychiatric agents such as

analgesics, consciousness level-altering agents such as anesthetic agents or hypuaotics,

60702958 10
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nonsterodal anti-inflammatory drugs (NSATDS), anthelminthics, antiacne agents, antianginal
agents, antiarrhvthmic agents, anti-asthma agents, antibacterial agents, anti-benign prostate
bvpertrophy agents, anticoagulants, antidepressants, antidiabetics, antiemetics, antiepileptics,
antigout agents, antihypertensive agents, anti-inflammatory agents, antimalarials, antimigraine
agents, antimuscarinic agents, antingoplastic agents, antiobesity agents, antiosteoporosis
agents, antiparkinsomian agents, antiproliferative agents, antiprotozoal agents, antithyroid
agents, antitussive agent, anti-urinary mcontinence agents, antiviral agents, anxiolytic agents,
appetite  suppressanis, beta-blockers, cardiac inotropic agents, chemotherapeutic drugs,
cognition cnhancers, contraceptives, corticosteroids, Cox-2 mhibitors, diuretics, ersctile
dysfunction improvement agents, expectorants, gastroiniestinal agents, histamine receptor
anfagonists, immunosuppressants, keratolvtics, lipid regulating agents, leukotriene mhibitors,
macrolides, muscle relaxants, nearoleptics, nutritional agents, opioid analgesics, protease
mwhibitors, or sedatives. In other embodiments, the therapeutic agent is a protein. In other
embodiments, the therapeutic agent is a nucleic acid such as atherapeutic nucleic acid. Insome
embodiments, the nucleic acid is an siRNA, a miRNA, a pri-niRNA, a messenger RNA
{mRBNA)}, a clustered regalarly interspaced short palindromic repeats (CRISPR) related nucleie
acid, a single guwide RNA (5gRNA), a CRISPR-RNA {crRNA), a trans-activating crRNA
{tractRNA}, a plasmid DNA (pDNA), a transfer RNA (tRNA), an antisense oligonucleotide
(AS(), a guide RNA, a double stranded DNA (dsDNA), a single stranded DNA (ssDINA}, a
single stranded RNA {ssRNA), and a double stranded RNA {(dsBNA). In some embodiments,
the compositions comprise a first nucleic acid and a second nucleic acid.  In some
embodiments, the first nucleic acid 1s a messenger RNA. In some embodiments, the second
nucleic acid is a single guide RNA. In some embodiments, the first nucleic acid is a messenger
RNA (mBNA) and a single guide RNA (sgRNA). In some embodiments, the nucleic acid is
present in a ratio of the lipid nanoparticle composition to the nucleic acid is from about 1:1 to
about 1:100. In some cmbodiments, the ratio 1s from about 1:10 to about 1:60. In some

embodiments, the ratio 1s about 1:40.

{0035] In some embodiments, the compositions further comprise a protein. In some
embodiments, the protein i3 a protein associated with transiation or transcription. In some
embodiments, the protein is associated with a CRISPR process. In some embodiments, the
protein is a CRISPR associated protein. In some embodiments, the protein is Casl, CasiB,
Cas2, Cas3, Casd, Cass, Cas6, Cas7, Cas8, Cas9, Caslo, Csyl, Csv2, Csy3, Csel, Cse2, Cscl,

Csc2, Csas, Csn2, Cem?2, Com?3, Comd, Comb, Comb, Cmrl, T3, Comrd, Cmrd, Cmir6, Csbl,

60702958 i1
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Csh2, Csb3, Cex17, Csx14, Cex1, Csxl6, CsaX, Cax3, Coxl, Tsx1S, Csfl, Cst2, Csf3, Csf4,
homologs thereof, or modified versions thercof. In some embodiments, the protein 1s Cas9. In
some embodiments, the protein and the nucleic acid are present in a molar ratio from about 1:1
to about 1:20. In some embodiments, the molar ratio 1s from about 1:1 to about 1110, In some

embodiments, the molar ratio is from about 1:3 to about 1:8.

{0036] In some embodiments, the compositions have a negative zeta potential. In some
embodiments, the zeta potential is from -0.25 mV to about -10 mV. In some embodiments, the
zeta potential is from about -0.5 mV to about -2 mVY. In some embodiments, the compositions
coraprise both a protein and a nucleic acid. In some embodiments, the compositions comprise
Cas9 protein and a single guide nucleic acid. In some embodiments, the composition comprises

Cas? protein, a single guide nucleis acid, and a donor BNA.

{00371 In another aspect, the present disclosure provides pharmaceutical compositions

comprising;

(A}  acomposttion described herein; and

(B)  anexcipient.

{0038] In some embodiments, the pharmaceutical compositions arc formulated for
adnunistration:  orally, intraadiposally, mtraarterially, intraarticulardy, ntracranmially,
mtradermally, intralesionally, mtramoscularty, intranasally, imtraccolarly, intrapericardially,
mtraperitoncally, intrapleurally, intraprostatically, intrarectally, intrathecally, intratracheally,
miratumorally, intraumbilically, intravaginally, intravenously, intravesiculartly, intravitreally,
liposomally, locally, muocosally, parenterally, rectally, subconjunctival, subcutaneously,
sublingually, topically, transbuccally, transdermally, wvaginally, in crémes, in hpid
compositions, via a catheter, via a lavage, via continuous infusion, via infusion, via mhalation,
via injection, via local delivery, or via localized perfusion. In some embodiments, the
pharmaceutical compositions are formulated for intravenous or intraarterial injection. In some
embodiments, the excipient is a pharmaceutically acceptable carmer. In some embodiments,
the pharmmaceutically acceptable carrier 18 a solvent or solution. [n some embodiments, the

pharmaceutical compositions are formulated as a umit dose.

{0039] In still another aspect, the present disclosure provides methods of modulating

the expression of a gene comprising delivering a nucleic acid to a cell, the method comprising
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contacting the cell with a composition or a pharmaceutical composition described herein under

conditions sufficient to cause uptake of the nucleic acid into the cell.

[0040] In some embodiments, the cell s contacted in vitro or ex vivo. In some
embodiments, the cell is contacted /m vive. In some embodiments, the modulation of the gene

expression is sufticient to treat a discase or disorder such as cancer.

{0041] In still vet another aspect, the present disclosure provides methods of treating a
discase or disorder in a patient comprising administering to the patient in need thereof a
phammaceutically effective amouont of a composition or a pharmaceutical composition
described herein, wherein the composition or pharmaceutical composition comprises a

therapeutic nucleic acid or protein for the discase or disorder.

{0042} In some embodiments, the disease or disorder is cancer. In some embodiments,
the methods further comprise administering onc or more additional cancer therapies to the
patient. In some embodiments, the cancer therapy is a chemotherapeutic compound, surgery,
radiation therapy, or immunotherapy. In some embodiments, the composition or
phammaceutical composition is adnunistered to the patient once. In other embodiments, the
composition or pharmaceutical composition is admimstered to the patient two or more times.

In some embodiments, the patient 1s a mammal such as a human.

{0043] In still other aspects, the present disclosure provides methods of prepanng a
lipid nanoparticle comprising:
{A)  dissolving a permanently cationic lipid, an ionizable cationic lipid, and a

phospholipid in a first solution to form a hipid solution wherein the lipid solution
1s formed in an organic solvent;

(By  dissolving a therapeutic agent i a buffer, wherein the buffer i1s a buffer with a
pH from about 6.8 to about 7.6 1o form a buftered therapeutic agent solution;
and

(Cy  admixing the lipid solution to the buffered therapeutic agent solution to form a
lipid nanoparticle.

{0044] In some embodiments, the organic solvent 1s a C1-C4 alcoholic solvent such as
cthanol. In some embodiments, the buffer is an aguecus PBS buffer. In some embodiments,

the methods have an encapsulating efficiency of greater than 80%.
[0045] In vet another aspect, the present disclosure provides compositions comprising:
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{A)  atherapeufic agent;

(B)  alipid nanoparticle composition comprising:
{1 an ionizable cationic Hpid;
{(2) a phospholipid; and
(3) a selective organ targeting compound,;

wherem the organ targeting higand causes the preferential delivery of the composition to an
organ other than the hiver,

[0046] In sull vet another aspect, the present disclosure provides compositions

comprising;

{A)  atherapeutic agent;

(B)  alipid nanoparticle composition comprising:
{1 an ionizable cationic Hpid;
{(2) a phospholipid;
(3} a selective organ targeting compound;
{4) a steroid; and
(5} a PEG hipid;

wherein the organ targeting higand causes the preferential delivery of the composition to an
organ other than the hiver.

{0047] In still another aspect, the present disclosure provides compositions comprising

a therapeutic agent and a lipid nanoparticle composition comprising:

{A) an ionizable cationic hipid;
(B}  apbhospholipid; and
{C)  aseclectve organ targeting compound;

wherein the composition has an apparent pK, from about 8 to about 13 and the composition
primarily delivers the nucleic acid to the lungs.

[0048] In another aspect, the present disclosure provides compositions comprising a

therapeutic agent and a lipid nanoparticle composition comprising:

{A)  an ionizable cationic hpid;
(B}  aphospholipid;

{C)  asclective organ targeting compound;
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(I3}  asteroid; and
(E}) aPEGUumd;

wherein the composition has an apparent pKe from about 8 to about 13 and the composition
primarily delivers the nueleic acid to the lungs.

(v

{0049] In still ancther aspect, the present disclosure provides compositions comprising

a therapeutic agent and a lipid nanoparticle composiiion comprising:

{A)  an ionizable cationic lipid;
(B)  aphospholipid; and
(C)  aselective organ targeting compound,

10 wherem the composition has an apparent pKa from about 3 to about 6 and the composition
primarily delivers the nucleic acid to the spleen.

{0058] In still vet another aspect, the present disclosure provides compositions

comprising a therapeutic agent and a lipid nanoparticle composition comprising:

(A asteroid;
15 (B}  anionizable cationic lipid;
{C)  aphospholipid;
()  a PEG lipid; and
(£}  aselective organ targeting compound;

wherein the composition has an apparent pKa from about 3 to about 6 and the composttion
20 primanly delivers the nucleic acid to the spleen.

{0051] In another aspect, the present disclosure provides compositions comprising a

therapeutic agent and a lipid nanoparticle composition comprising:

(A)  anonizable cationic lipd;
{(B)  aphospholipid; and
25 (0 aCe-Cra diacyl phosphotidylicholine;
wherein the composition primarily delivers the nucleic acid to the lymph nodes.
{0052] In still ancther aspect, the present disclosure provides compositions comprising

a therapeutic agent and a lipid nanoparticle composition comprising:

(A asteroid;

30 (B}  anionizable cationic lipid;
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(C)  aphospholipid;
(D)  aPEG lipid; and
{E}  a(s-Cas diacyl phosphotidyicholine;
wherein the composition primarily delivers the nucleic acid to the lymph nodes.

5 {0053] In still vet another aspect, the present disclosure provides compositions

comprising a therapeutic agent and a hipid nanoparticle composition comprising:

{A)  an ionizable cationic hpid;
(B)  aphospholipid; and
(Cy  aselective organ targeting compound;

10 wherein the surface of the composition inferacts with vitronectin and the composition primarity
delivers the nucleic acid 1o the lungs.

{8054} In vet ancther aspect, the present disclosure provides compositions comprising

a therapeutic agent and a lipid nanoparticle composiiion comprising:

{A)  an ionizablec cationic lipid;
15 (B)  aphospholipid;
{C)  aselective organ targeting compound;
(D)  asteroid; and
{(E} aPEGlipd;

wherein the surface of the composition interacts with vitronectin and the composition primarily
20 delivers the nucleic acid to the lungs.

{0055 In stull vet another aspect. the present disclosure provides compositions

corposition comprising a therapeutic agent and a lipid nanoparticle composition comprising:

{A)  an ionizablec cationic lipid;
(B)  aphospholipid; and
25 () aselective organ targeting compound;

wherein the surface of the composition interacts with Apo H and the composition primarily
delivers the nucleic acid 1o the spleen.

{0056] In another aspect, the present disclosure provides compositions composition

comprising a therapeutic agent and a lipid nanoparticle composition comprising:
30 (A} asteroid;
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(B)  an ionizable cationic hpid;

{C)  aphospholipid;

(D) aPEGlipid; and

(E)  asclective organ targeting compound;

5  wherein the surface of the composition interacts with Apo H and the composition primarily
delivers the nucleic acid to the spleen.

[0057] In sull vet another aspect, the present disclosure provides compositions
comprising a therapeuatic agent and a lipid nanoparticle composition wherein a targeting protein
present in a protein corona at the surface of the composition binds to a target protein

10 substantially present in the target organ, wherein the target organ is not the hiver.

{0038] In some embodiments, the targeting protein is selected from vitronectin or $2-
glycoprotein I {Apo H). In some embodiments, the targeting protein is vitronectin and the
target organ is the lungs. In other embodiments, the targeting protein 18 Apo H and the target

organ 13 the spleen.

15 {0059] In some embodiments, the lipid nanoparticle composition further comprises a
selective organ targeting compound which modifies the binding of the proteins oun the protein
corona. Insome embodiments, the sclective organ targeting compound 1s further selected from
a sugar, a hipid, a small molecule therapeutic agent, a vitamin, or a protein. In some
embodiments, the selective organ targeting compound is a lipid such as a permanently cationic

20 hpid, a permanently anionic lipid, or a phosphotidvicholine. In some embodiments, the lipid
nanoparticle composition further comprises an iomzable cationic lipid. In some embodiments,
the lipid nanoparticle composition further comprises a phospholipid. In some embodiments,
the lipid nanoparticle composition further comprises a steroid. In some embodiments, the lipid

nanoparticle composition further comprises a PEG lipid.

25 {0068] In another aspect, the present disclosure provides compositions comprising a
therapeutic agent and a lipid navoparticle composition, wherein the hipid nanoparticle
composition comprises a selective organ targeting compound and the selective organ targeting
compound results in a lipid nanoparticle composition with an apparent pKs from abowt 3 to

about 5.

30 {0061] In still another aspect, the present disclosure provides compositions comprising

a therapeutic agent and a lipid nanoparticle composition, wherein the lipid nanoparticle
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composition comprises a selective organ targeting compound and the selective organ targeting
compound results in a lipid nanoparticle composition with an apparent pKs from about 8 to

about 13,

{0062 As used herein, “essentially free,” in terms of a specified component, is used

5 herem to mean that none of the specified component has been purposefully formulated into a
composition and/or 15 present only as a contaminant or in trace amounts. The total amount of

the specified component resulting from any onintended contamination of a composition is
preferably below 0.01%. Most preferred is a composition in which no amount of the specified

component can be detected with standard analvtical methods.

10 {0063] As used hercin in the specification and claims, “a” or “an” may mean one or
more. As used heren in the specification and claims, when used i conjunction with the word
“comprising”, the words “a” or “an” may mean ong or more than one. As used herein, in the

specification and ¢laim, “ancther” or “a further” may mean at least 3 second or more.

{0064] As used herein n the specification and claims, the term “about” is used to
15 mdicate that a value includes the inherent variation of error for the device, the method being

emploved to determune the value, or the vanation that exists among the study subjects.

{0065] Gther objects, features and advantages of the present disclosure will become
apparent from the following detailed description. 1t should be understood, however, that the
detaifed description and the specific examples, while indicating certain embodiments of the

20 disclosure, are given by way of ilustration only, since various changes and modifications
within the spirit and scope of the disclosure will become apparent to those skilled in the art

from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

{0066] The following drawings form part of the present specification and are included

[
L

to further demonstrate certain aspects of the present disclosure. The disclosure may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein,

[0067] FIGS. 1A-C; DOTAP mDLNP formulations mediated excellent mRNA
debivery efficacy at low doses after IV injection and demonstrated tissue specific delivery

30 features with given percentage of DOTAP. (FIG. 1A) Schematic ilustration of DOTAP
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mDINP  formation and  the structuwre of DOTAP. The molar ratio of 5A2-
SCE/DOPE/Chol/DMG-PEG were fixed as 15/15/30/3 (named mDLNP). The DOTAP ratios
only were then adjusted from 0 to 1200 to produce a series of DOTAP mDLNP formulations

and named DOTAPY, where Y represented the percentage of DOTAP in total hipids. (FIG.

(]

1B) Fx vive images of luciferase in major organs at 6h post IV injection with the dose of
6. Img/kg Luc mRNA (n=2). With increasing molar percentage of DOTAP, luciferase protein
expression moved from liver to spleen, then to lung. (FIG. 1C) Quantification data
demonastrated that DOTAP percentage 18 a factor for tissue specific delivery, mBLNP (0%)
was the best for liver, DOTAPIO-13 (similar between them} were the best for spleen, and
10 DOTAPS0 was the best for hung. Because luciferase expression was detected only in hiver,
spleen and tung after IV injection, the relative expression in cach organ was calculated. Clearly,
the more DOTAP (permanently cationic lipid) percentage in formulation, the less luminescence
i liver and close to O when > 70%. However, the more DOTAP percentage, the more
lununescence n lung and close to 100% when > 70%. The DOTAPS-20 showed higher

15 percentages in spleen and DOTAP10 looked the lughest.

{0068] FIGS, 2A1-2F2: The structures of lipids decide mRNA expression profile after

IV injection. Generally, quatemary lipids changed mRNA delivery from liver to spleen, then

to hung with increasing percentages, and zwitterionic hipids helped to deliver mRNA into spleen

at higher percentages. But tertiary amine lipids could not change mRNA expression organ,

20 mstead improved delivery efficacy in hiver. To further confirm the delivery trend of quatemary
Epids mBLNPs, two more quaternary lipids, DDAB and EPC, were sclected to perform mRNA
delivery in vivo, with the same modified strategy as was done with DOTAP. (FIG. 2A1, FIG.

2B1) DDAB and EPC exlubit large structural differences between thern and with DOTAP,
meluding on three levels of companison: the length of hydrophobic tail, saturated and

25 unsaturated bond, and chemical structure of head group. Fommulations with 3%, 15%, 40%
and 50% of quaternary lipid were formed to detect size distribution and in vivo evaluation (0.1
mg/kg, 6h, n=2). (FIG. 2A2, FIG, 2B2) Like DOTAP mDLNPs, DDAB and EPC also
presented similar mRNA delivery profile. Lower cationic percent {5%) delivered mRNA into

lver and spleen, then {o spleen more when increased to 15%. Once increased to 40%, little

30 mRNA cxpression was observed in liver and spleen, but lung exhibited high luciferase signal
and then decreased at 50%. These results are very similar with DOTAP mDLNP, which
suggested that functionalized mDEUINP by guaternary lipids are universal and generalizable

strategy for tissuc targeting mRNA delivery. Then representative zwitterionic lipids, DSPC and
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DOCPe, were used to evaluate the mRNA delivery m vivo just like DOTAP strategy(FIG.
2C1, FIG. 2B1). The structarcs of DSPC and DOCPe lipids are n the general class of
zwiiterionic lipids. Size distributions of DSPC and DOCPe mBDLNP formulations were tested
bv DLS before 1V mjection. Herein, DSPC and DOCPe showed two levels comparison in
structures: saturated versus unsaturated hvdrophobic tails, and charge position versus in head
groups. {(FIG, 2C2, FIG. 2D2) Interostingly, a similar mRNA expression profile like
quaternary hipid formulations was not observed. Instead, both DSPC and DOCPe improved
mRNA delivery into spleen within given range (less than 80% in DSPC and less than 30% m
BOCPe}, never saw any signals tn lung whatever percentages {0.1 mg/kg, 6h, n=2). Inspired
by these results, 1onizable tertiary amine hipids, DODAP and £12-200, were further tested with
the same strategy. DODAP has the same structure with DOTAP except for the head groups
{quatemary versus tertiary amine), C12-200 15 an effective lipidoid used for siRNA or mRNA
delivery, which has a completely different structure with DODAP. (FIG. 2E1, FiG. 2F1)
Simularly, the size distributions of both modified mDLNPs were still good at certain
percentages {less than 80%;). (FI1G. 2E2, FIG. 2F2) Surprisingly, DODAP and C12-200 could
not change mRNA expression profile (different effect compared to quatemary or zwitterionic
lipids). Instead, DODAP and €12-200 increased delivery of mRNA to the liver. Supporting
that, DODAP20 and C12-200 showed much better delivery efficacy than original mDLNP
formulation (0.1 mg/kg, 6h, n=2}. With mcreasing percentages of BDODAP or C12-200 (50%
or 80%;, luciferase signal decreased a lot, but liver still was the main organ rather than spleen

or lung.

18069] FIGS, 3A-C: To determing why various lipids may induce huge differences for
mRNA cxpression in organs, distribution assay and pka detection was then performed. Both
biodistribution and pKa plaved roles for mRNA expression profiles in organs. (FIG. 34)
Organs distribution of Cy3.5-Loc mRNA formulations delivered by three kinds of modified
mDLNP, DOTAP {guaternary lipid), DSPC (ewitterionic lipid) and DODAP (tertiary aming
hipid). CS7BL/6 mice were IV injected at the doses of 0.5 mg/kg and imaged at 6h post injection
{n=2} DOTAP changed the organ distribution of mRNA, compared with the original mDINP
formulation (no BOTAP), both DOTAPI0 and DOTAPS0 could deliver mRNA into lung, and
DOTAPS0 increased more, which may partly explain why DOTAP formulation mediated
mRNA expression in lung at higher percentages. However, both DSPC and DODAP could not
change mRNA distribution much even at 80% (DSPC) or 50% (DODAP) percentages. It was

also noticed that mRNA was retained in liver for DOTAP30 and DRSPCR0, as showed in FIGS,
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1 and 2, the former one was lung targeting NP and latter one was spleen targeting NP.
Therefore, distribution was not the only factor to explain the mechanism. (FIG. 3B) The pKa
of all tested and cfficacious formulations were then measured, including original mDLNP,

DOTAP, DBAB, EPC, BSCP, BOCPe, DOBAP and C12-200 modified formulations. (FIG.

(]

3C) Fmally relationship between pKa and tissue specific mRNA delivery was plotied based on
the defined rules. Here, 2 rules to score were designed as showed in the table. Obviously, all
liver targeted formulations had a varrow pKa {~6-7), no significant range for spleen targeted

formulation, but lung targeted debivery required high pKa (> 9.25).

{0078] FIGS, 4A-4C: Liver and lung genc editing were achieved both in Td-Tomato

10 and C537BL/6 mice. (FI{s. 4A} Schematic illustration shows that co-delivery of Cas9 mRNA
and sgToml activates td-tomato expression in Td-Tomato mouse. (FiG. 4B) Td-tomato
expressions were induced in liver and long when treated by mDLNP and DOTAPS0
formulations, respectively. The mice were [V injected by mDLNP and DOTAPS0 formulations

for co-delivery of IVT Cas® mRNA and modified sgTom1 (4/1, wt/wt) at the total doses of 2.5

[
(v

mg/kg (50 pg cach), then fluorescence of main organs was detected at day 10 after treatment.
(FI1G. 4C) TVE] assay showed that tissue specific feature was further confirmed with in vivo
PTEN editing. C37 BL6 mice were 1V mjected with mDLNP, DODAP20 or DOTAP30 to
reach tissue specific gene oditing, total dose was 2.5 mp/kg (50 ug each), weight ratio of IVT

Cas® mRNA to modified sgPTEN was 4/1, and detection time was dav 10 after treatment.

20 {0071] FIGS. SA-C: Characterization of DOTAP mDLNP formulations (n=3). Size,
PDI (FIG, 5A) and zeta-potential (FiG. 5B) were detected by Dyvnamic Light Scattering
{(DLS). (FIG. 5C) Encapsulation efficiency (EE%) was tested by Ribogreen RNA assay.

{0072] FIGS., 6A-C: DOTAP formulations showed excellent mRNA delivery
cfficiency and exhibited a delivery potential for these cargos that were not well-tolerated with

cthanol or acidic buffer, e.g. proteins. (FI1G. 6A) DOTAP mBLNP mediated high Luc mRNA

N
(4

expression in Huh-7 cells and A549 cells and revealed that DOTAP percentages of 3%-50%
were better for mRNA delivery and 10% was the best. Luc mRNA expression and celi viability
were tested at 24h post transfection with the dose of 50 ng/well mRNA (n=4}). Here, DOTAP
mBDLNPs were formed in PBS rather than citric buffer (10mM, pH 4.03. (FIGS, 6B & 6C)
30 Decreased volume percentage of ethanol did not affect the characterization and mRNA delivery
potency. To test the mfluence of cthanol for mRNA delivery, DOTAP2S was selected as a

model and formed four formulations with various volume ratios of ethanol to PBS (1.3, 1.5,
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1:7.5 and 1:10). All four formulations showed similar EE, size and PDI (FIG. 68B), and
exhibited equality mRNA delivery potency (FEG. 6C) in Falhi cells (50 ng/well mRNA, 24k,
n=4}. Thercfore, this formulation was optimized using 1XPBS (pH 7.4) 1o instead of acidic

buffer (10mM pH 4.0) and dramatically decreased ethanol percentage, which provide a

(]

possibility that DOTAP formulations deliver those cargos that are not well-tolerated i high

cthanol concentrations or acidic buffer, e.g. proteins.

{0073] FIG. 7: The quantification data of biodistribution in main organs. €37 BL6
mice were IV ingected by various Cv5.5-Luc mRNA formulations at the doses of 0.5 mg/kg

{n=2}. Heart, lung, liver, spieen and kidney were isolated, imaged and quantified after 6h.

10 {0074] FIGS. 8A-8C:; There were no big ditferences for size distribution and Luc
mRNA delivery efficacy for DOTAPIO tormulation formed by PBS or citric buffer, but not
applied in DSPC50 and DODAPS0. To test the buffer effects on mRBNA delivery efficacy in
vivo, DOTAPIO (guatemary hipid), DSPC30 (zwitterionic lipid) and DODAPSE (tertiary amine
lipid) were chosen. €57 BLS mice were IV injected by cach Luc mRNA formulation at the

15 dose of 4.1 mg/kg, after 6h, maim organs were isolated and imaged (n=2). {(FI{. 8A) Both size
and delivery efficacy were not changed too nwuch between PBS formed and citric buffer
{(10mM, pH 4.0} formed DOTAPI0. (FIGS. 8B & 8C) But citric buffer formed DSPCS0 and
DODAPS0 dramatically improved mRNA delivery effects, although no big difference on size
distributions. DOTAP (or another permanently cationic lipid) may be added for LNP formation

20 atneutral pH (e.g. 7.4 PBS buffer).

{0075] FIG, 9 Western blot result of IVT Cas9 mRNA quality test delivered by
mDLNP. To achieve tissue specitic gene editing, Cas9 mRNA and sgRNA were designed to
be co-delivered. Firstly, Cas9 mRNA was made by IVT and analyvzed by westem blot for

quality test. In this assay, both Cas9 pDNA delivered by Lipofectamine 2000 and commercial

N
(4

Cas9 mRNA (Trilink), mBDLNP were positive controls, and mCherry mDENP was negative
control. 2937 cells were sceded m 12-well plate the day before transfection, and cells were
treated for 24h by each condition before performung western blot. IVT Cas9 mRBNA worked
much better than commercial mRNA | therefore, IVT Cas® mRNA was used to perform gene

editing in vivo.

30 {0076] FIGS. 10A & 10B: sgRNAs screening and weight ratio {Cas9 mRNA/sgRNA)

optimization in Td-Tomato mice. To reach maximum gone cditing in Td-Tomato mice, sgRNA
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sequences were screened and optimized weight ratio of Cas® mRNA to sgRNA. (FIG. 104)
Size distributions of Cas%/sgTom 1, Cas¥/sgTom2 and Cas%/sgloxP mBLNP formulations, and
td-tomato expression in hiver. Mice were 1V imjected by three mBLNP at the total dose

{Cas9/sgRNA, 4/1, wtiwt) of 3 mg/ks, organ were imaged at day 7. |t looked that sgTom! s

(]

the lead among three candidates. (FEG. 18B) SgTom!l was selected and further tested by
different weight ratios {Cas%/sgRNA) of 2/1, 4/1 and 6/1 for liver gene editing. mBLNP was
used for IV injection with the dose of 3 mg/kg, and td-tomato expression was detected in day

7. In this example,4/1 worked better than 2/1 and 6/1.

[0077] FIGS. 11A-11G: Characterization of Cas%/sgRNA complex and DOTNP

10 lipid nanoparticles after encapsulating Cas®/sgRNA complex. Size (FIG. 11A) and Zeta
potential (FIG. 11B) of CasY/sgl UC complex{mol/mol=1/1} in PBS (pH7.4} and in Citrate
Buffer (pH4.2). Size of Cas9/sgL.UC complex prepared in citrate buffor is very big (arger than

100 nm) and the zeta potential 1s positively charged, so it 1s impossible 1o be encapsulated by

bipid nanoparticles. However, the size of Cas9/sgLUC complex prepared in PBS 18 compact

[
(v

{less than 20 om) and has negative charges, so it is able to be encapsulated by lipid
nanoparticles. Size (FIG. 11C) and Zeta potential (FIG, 110 of Cas9/sgl.UC complex
prepared with different Cas%/sgRNA mole ratios (1/1, 173, and 1/5). Compared with
CasS/sgLUC complex {1/1, mol/mol), higher mole ratios (1/3 and 1/3, mol/mol} showed
smaller size and more negative charges, which are beneficial for lipid nanoparticle
20 encapsulation. Size (FIG. 11E) and Zeta potential (FIG. 11F) of DOTNP 10 hipid nanoparticles
encapsulating Cas9/sglUC complex (named DOTNPI0-L} when prepanng with different
mole ratios (1/1, /3, 1/5), (FIG. 116G TEM images of DOTNP10-L (173, mol/mol). DOTAP
lipid nanoparticle consists of five components, including SA2-SCS, Cholesterol, DOPE, DMG-
PEG and DOTAP. The mole ratio of SA2-8C8, Cholesterol, DOPE, and DMG-PEG 15 fixed
25 (15:15:30:5, mol/mol} and DOTNPX means DOTNEP with different mole percentage of
DOTAP. Here, different sgRNA including sglUC, sgGFP, sgTOM, sgPTEN ctc. were used.
To distinguish them, the first letier of cach gene was added at the end ot DOTNP. For example,
DOTNP10-L means DOTNPIO hipid nanoparticles encapsulating Cas9/seL.UC complex;
DOTNP10-G means DOTNP 10 lipid nanoparticles encapsulating Cas9/sgGFP complex.

36 [0078] FIGS., 12A-12F: DOTNP lipid nanoparticles were able to deliver
Cas/sgRNA complex into nuclens and exhibited efficient gene editing in vitre. (FIG. 12A)

Confocal images of Hela-Luc cells after incubated with DOTNPIO encapsulating Cas9-
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EGEFP/sgLUC complexes (173, mol/mol) for 1h, 3h, 6h, and 24h (9uM of sgRNA was used).
Green: EGEFP fused CasY protein; Blue: nuclet staned with Hoechst 33342, Red arrows
indicated the process of DOTNPIO entering 1nto nucleus. (FIG. 12B) Indels percentages at

LUC locus after incubated with DOTNP10-L of different mole ratios for 3 davs analvzed by

(]

TIDE Sequencing (24nM of sgRNA was used). DOTNP10 liptd nanoparticles encapsulating
Cast/sgGFP (DOTNP10-G) was used as negative control. Here, two commercial Cas? proteins
{GeneArt Cas9 and Truecut Cas9) were used. (FIG, 12C) T7EI cleavage assay of Hela-Luc
cells incubated with different formulations (24nM of sgRNA was used). 1. 100bp DNA ladder;
2. PBS: 3. DOTNPI0-G (1/3); 4. DOTNPIO-L (1/1); 5. DOTNPIG-L (1/3); 6. DOTNP10-L
10 {175, 7 DOTNPIO-L (1/3) prepared in Citrate buffer. Two commercial Cas® proteins (GeneArt
Cas9 and Truecut Cas%) were used. Among them, mole ratio at 1/3 showed the best gene editing
when using Truecut Cas9 protein. (FIG. 12D) Fluorescence microscopy images of SKQV3-
GFP cells incubated with DOTNPIO-L and BOTNPIC-G (24nM of sgRNA was used). Here,
DOTNP10-L was used as negative control. (FIG, 12E) Flow cytometry analysis of SKOV3-
15 GFP cells incubated with DOTNP10-L and DOTNPIO-G. (FIG. 12F) Mean fluorescence
mtensity of SKOV3-GFP cells incubated with DOTNP10-L and DOTNPIO-G by flow

cytometry.

{0079 FIGS. 13A & 138 DOTNPs showed tissue-specific gene editing in viveo,

(FIG. 13A) Fxvivo images of td Tomato fluorescence m major organs at 7days post IV mjection

20 of different formulations (1.5mg/kg of sgRNA per mouse). DOTNPS-T means DOTNP3 lipid
nanoparticles encapsulating Cas%/sgTom complex; DOTNPIO-T means DOTNPIO hipid
nanoparticles encapsulating Cas%/sgTom complex; BOTNP30-T means DOTNPS0 hipid
nanoparticles encapsulating Cas9/sgTom complex. tdTomato fluorcscence was only observed

m fiver in DOTNP3-T treated group; In DOTNPIO-T group, slight fluorescence was seen in

25 lung and if further increasing dose of DOTAP to 50% (DOTNPS0-T), most of tdTomato
fluorescence was obscrved in lung. (FIG. 13B) T7E] cleavage assay of liver and hung organs

after incubating with DOTNP3-P (DOTNPS lipid nanoparticles encapsulating Cas9/sgPTEN
complexy, BOTNP10-P (DOTNP 10 lipid nanoparticles encapsulating Cas9/sgPTEN complex)

and DOTNPSO-P (BOTNP30 Epid sanoparticles encapsulating Cas9/sgPTEN complex)

30 (2mg/kg of sgRNA per mouse) The results arc consistent with that obtained by ex vive
mmaging. Gene editing was only detected in biver after treated with DOTNPS-P; gene editing

was obtained both in liver and in hing when incubated with DOTNP10-P; while in DOTNPS0-

P treatment group, most of gene editing was observed in lung,
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{008G] FIGS. 14A & 14B show the details of MC3 LNPs and DOTAP modified MC3
formulations, including (FEG. 14A) structures of each component, (FIG. 14B) molar ratios,

weight ratios of total ipid to mRNA, sizes and PDL

[0081] FIGS. 15A & 15B show DLin-MC3-DMA (FIG. 154) and C12-200 (FIG.
15B) were selected and evaluated with the DOTAP strategy at the doses of 0.1 mg/kg (6h,
n=2}. With increasing DOTAP percentages from 0 to 50%, both MC3 and C12-200 based LNPs
showed identical mRNA expression profiles like mDLNP where laciferase signal moved from

liver to spleen and finally to lung.

[0082] FIGS. 16A & 168 show the details of {12-200 LNPs and DOTAP modified
C12-200 formulations, mcluding (FI1G. 16A) structures of cach component, (FI1G. 16B) molar

ratios, weight ratios of total lipid to mRNA, sizes and PDIL

{0083] FIGS. 17A & 178 show (FIG. 17A) Further optimization of mDLNP. As the
key ipid m mDLNP, 3A2-SC8 was used as the “fifth” lipid to modify mDLNP to form four
formulations with extra percentage of 10% to 30%. (FIG. 178} £x vive luciferase images and
quantified data showed that mRNA delivery potency was dramatically improved with exira

15% to 25% of 5A2-5C8, and 20% had the highest signal (0.03 mg/kg, 6h, n=2).

{0084] FIG. 18 shows the structures of 5A2-SC8, DOPE, Cholesterol and DMG-PEG.
mBLNP 15 an effective and safe mRNA dehvery carrier for liver targeting therapeutics
developed by previous work, which is consisted with SA2-SC8, DOPE, Cholestercl and DME-
PEG at the molar ratio of 15/15/30/3.

FIGS. 19A-19G show selective ORgan Targeting (SORT) allows lipid nanoparticies
{LNPs) to be systematically and predictably engincered to accurately cdit cells in specific
organs. {194} Addition of a supplemental component (termed a SORT hipid) to traditional
LNPs systematically alters the i vive delivery profile and mediates tissue specific delivery as
a function of the percentage and biophysical property of the SORT lipid. This wiversal
methodology successfully redirected multiple classes of nanoparticles. Shown here are
bicluminescence 1mages of mice injected mtravencusly with 0.1 mg/kg Luciferase mRNA
imside of lung- and spleen-specific DLin-MC3-DMA LNPs (Onpattro SNALPs) and hver
enhanced 5A2-SC8 degradable dendrimer-based LNPs (DLNPs). Inclusion of SORT lipids
mto 4-component 5A2-SC8, DLin-MC3-DMA, and C12-200 LNPs created 3-component
SORT LNPs. (198B) SAZ-5C8 SORT LENPs were formulated with a molar ratio of 5A2-
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SC8/DOPE/Chol/DMG-PEG/SORT Lipid = 15/15/30/3/X (inol/mol), where X was adjusted
from 0 to 1200 to make series of LNPs with 0% to 100% SORT lipid {fraction of total ipids).
Here, meclusion of a permancutly cationic lipid (DOTAP) systematically shified luciferase
protein expression from the liver to spleen to lung as a function of DOTAP percentage (0.1
mg/kg Luc mRNA, 6h). (19C) Quantification data demonstrated that SORT lipid percentage
1s a factor for tissue specific delivery; 0% {mDLNPs) was optimal for liver; 5-15% was optimal
for spleen; and 50% was optimal for lungs. (19D) Relative luciferase expression in each organ
demonstrated that fractional expression could be predictable tuned. (19E) Inclusion of an
anionic SORT hipid enabled selective mRNA delivery to the spleen. Luciferase expression was
observed only i spleen when mtroducing 18PA lipid into mDLNPs up t0 40% (0.1 mg/kg Luc
mRNA, 6h). (19¥F) Ex vive immages of laminescence in major organs at 6h post IV injection of
DLin-MC3-DMA SORT LNPs with the dose of 0.1 mg/kg Luc mRNA. With increasing molar
percentage of DOTAP, luciferase oxpression moved from liver to lung. 18PA mediated
exclusive deliverv of Luc mRNA to the spleen. The same trend was observed for modified

C12-200 LNPs (0.1 mg/kg, oh). (19G) Details of selected SORT lipid formulations.

FIGS. 20A-208C show (28A) Details of DOTAP and 18PA SORT LNPs, including
maolar ratios, molar percentages, weight ratios of total lipid to mRNA, sizes, PDI and zeta
potentials. (208) LNPs were formulated using a modified ethanol ditution method. SORT
lipids are included m the cthanol phase and sgRNA/mRNA are encapsulated during LNP
formation. (28C) The chemucal structures of lipids used in standard mDLNP and DOTAP /
18PA SORT formulations are shown. For the development of SORT, a degradable dendrnimer-
based 1onizable catiomic lipid named SA2-SCE was the focused of the ENPs that can deliver
siRNAs/miRNAs to extend survival in a genetically engineercd mouse model of AMYC-driven
biver cancer (Zhou er af |, 2016; Zhang eral., 2018a; Zhang ef af., 2018b) and toggle polvploidy
m the liver. An LNP molar composition that was optimized for mRNA delivery was focused
to the liver named mDLNPs (Cheng ef ., 2018). This liver-targeted base mRNA formulation
of SA2-SCE / DOPE / Cholesterol / DMG-PEGZ000 = 15/15/30/3 (mol} were prepared and
supplemented with SORT hipids to prepare SORT LNPs (details in 264). For the sake of further
clanty, the traditional 4-component LNPs are composed of ionizable cationic lipids (herein
defined as containing an amino group with pKa <8}, zwittcrionic phospholipids (defined as a
lipid bearing equal number of positive and negative charges), cholesterol, and polv{ethylenc

glycoly (PEG) lipids (most commonly, PEG2000-DMG). SORT LNPs include a 51 lipid, such
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as a permanently cationic lipid (defined as positively charged without pKa or pKa >8) or a

permanently antonic lipid {(defined as negatively charged).

FIGK. 21A & 21B show fn vitro Luciferase (Luc) mRNA delivery results for DOTAP-

modified SORT mDLNPs in (FI1G. 21A) Huh-7 bver cells and (FI1G. 21B) A349 lung cells as

5  afunction of the incorporated DOTAP percentage. Luc mRNA dehivery results showed that
LNPs with DOTAP percentages of 5%-50% delivered the most mRENA in both Huh-7 hver
cells and A549 lung cells. SORT LNPs with 10% DOTAP were much more efficacious n vitro
than the previcusly reported base mDLNP. No appreciable cviotoxicity was observed for any
formulation and all were umiform {(low PDI) with diameters ranging from 90 nm to 150 nm

10 (FIG. 28). Measurements of surface charge revealed that DOTAP was encapsulated mside
together with mRNA and not on the LNP surface as the zeta potentials were close to 0 when
DOTAP was less than 60%. The surface charge became positive only at percentages above

65% (FIG. 28), revealing that PEG hipid-coated SORT LNPs with selective tissue tropism
could be discovered that possess a near neutral surface charge, which 1s an attnbute for chinical

15 translation. Cells were seeded into 96-well plates at a density of 1x10% cells per well the day
before transfection. Luc mBNA expression and cell viability were measured at 24h post

treatment with the dose of 30 ng/well Luc mRNA (n=4).

FiGh. 224-22C show chemical structures of lipids used i (22A) DLin-MC3-BMA
SMALPS (Jayaraman et ., 2012) and (228) C12-200 LLNPs (Love ef a/., 2010} are shown.
20 Liver-targeted base mRNA formulations of DLim-MC3-DMA / DSPC / Cholesterol / DMG-
PEG2Z000 = 50/10/38.5/1.5 {mol} and C12-200 / DOPE / Cholesterol / DMG-PEG2000 =
35/16/46.5/2.5 {mol} were prepared and later supplemented with SORT lipids to prepare SORT
LNPs. (22 Table and results of additional SORT formulations using DLin-MC3-DMA and
C12-200. The weight ratio of total hipids / mRNA was 20/1 (wi/wt) for all DLin-MC3-DMA

25 and C12-200 LNPs.

FIGS, 23A-23C show SORT relies on general biophysical properties and not exact
chemical structures. (23A) SORT hpids could be divided into specific groups with defined
biophysical properties. Permanently cationic SORT lipids (DDAB, EPC, and DOTAF) all
resulted 1n the same mENA delivery profile (Jiver to spleen to lung based on SORT lipid

30 percentage) (0.1 mg/kg Luc mRNA, 6h). (23B) Aniomic SORT hipids (14PA, 18BMP, 15PA)
all resulted m the same mRNA delivery profile {exclusively spleen based on SORT hpid

percentage). (23C) lonizable cationic SORT lipids with tertiary amino groups (DODAP, C12-
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200} enhanced hiver delivery without any luciferase expression i the lungs (0.1 mg/kg Luc

mRNA, 6h).

FIGS. 24A & 248 show SORT was further applied to utilize 1onizable cationic lipids
as SORT lipmds to further enhance mBDLINP liver delivery. (24A) Schematic illustration of
SORT. (24B) SAZ-5CE was used as a SORT lipid, supplementing base the mRNA mDLNP
formulation (5A2-SC8 / DOPE / Cholesterol / DMG-PEG2000 = 15/15/30/3 (mol)} with
additional SA2-5C8 using the SORT method. Fx vivo luciferase images and quantified data
showed that mRNA delivery potency was dramatically improved when an extra 13% - 25%
SORT hipid was added. Maxamal expression was produced with 20% incorporation {0.03
mg/kg, 6h, n=2}. SORT thus allowed development of a 2% generation mDLNP with increased

efficacy.

FIGS. 25A & 25B show the effects of zwitterionic SORT lipids were evaluated.
Inclusion of zwitterionic SORT hipids mto hiver-targeted mDELNPs altered expression from the
hver to the spleen with increasing ineorporation of the SORT lipid. 80% DSPC and 50%
BOCPe SORT LNPg delivered mRNA exclusively to the spleen after IV injoction. (25A)
Schematic tlustration of SORT method. (25B) £x vivo images of luminescence in major organs
at 6h post IV injection. DSPC and DOCPe, zwitterionic lipids with different structures,

mproved Luc mRNA delivery into spleen with increased percentages (0.1 mg/kg, 6h, n=2).

FIGS. 26A & 268 SORT was evaluated as a potential strategy {o “activate” inactive
LNP formulations. (26A) Schemanc illustration of supplementing an inactive C1 formulation
with a SORT lipid to test if SORT can endow activity. (26B8) The detailed wnformation of C1
LNPs (inactive LNPs) and DOTAP (or DODAP) C1 SORT LNPs, including lipid molar ratios,
molar percentages, weight ratios of total lipids to mRNA, sizes, and PDE C1 LNPs were
prepared in a way that allowed for mRNA encapsulation and favorable biophysical propertics
{uniform <200 nm size}. However, no protein oxpression at all resulted following IV mjection
of C1 ENPs. Thus, tt was asked 1f SORT could “activate” dead LNPs. DODAP and DOTAP
SORT lipids were evaluated. DODAP@CT LNPs delivered mRNA into spleen and liver, and
DOTAP@wC LNPs delivered mRNA 1into lung and spleen (0.1 mg/kg, 6h, 0=2}. Therefore,

SORT can activate dead LINPs and provide tissue selectivity.

FIGK, 27A & 278 show SORT altered LNP biodistribution and revealed a correlation
between relative apparent pKa and organ specificity. (27A) Fluorescent {y5S-labeled mRNA

was cmployed to track biodistribution of SORT LNPs. Inclusion of DOTAP as a SORT hipid
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mereased mBNA accumulation in the lungs, partially explaining the ability to deliver RNA to
mouse lungs. 18PA increased uptake into the spleen. DODAP shightly increased hiver and
decreased spleen accumulation (0.5 mg/kg, 6h). MNote that this data describes SORT LNP

tocation, not the ability to productively debivery mRNA intraceliularty. (278} The relative

(]

apparent pKas of all 67 effective mRNA formulations were measured by the TNS assay and
plotted versus in vivo delivery officacy m different organs (functional delivery by mRNA
translated to protein). All hiver targeted formulations had a narrow pKa (6-7), as expected.
Surprisingly, high pka (> 9) was required for lung-~targeted delivery and lower pKa (< 6) aided
spleen delivery. Note that all SORT LNPs contain tonizable cationic lipids (for endosomal
10 escape) along with a mixture of other charged and vncharged lipids (that collectively mediate

tissue tropism}).

FIGh, 28A & 28B show Cy5-labeled mRNA was emploved to track brodistribution of
SORT LNPs. Organ distributions of DSPC mDLNPs afier IV injection. (28A) Schematic
iHustration of SORT. (288} Cv5 fluorescence and quantified data of major organs treated by

15 DSPC mDLENPs (0.5 mg/kg, 6h, n=2).

FiG. 29 shows a modified TNS assay was used to measure global/apparent pKa of
mRNA formulations. 67 NPs successful formulations (high in vive etficacy) were evaluated in
total. The relative pKa were estimated compared to base LNP formulation {no added SORT
lipid) when 50% of normalized signal was produced. The TNS assay has been historically used

20 tomeasure LNPs with a single ionizable cationic lipid and neutral (non-ionizable) helper hipids,
producing a value that captures the iomization behavior of a cationic lipid within a seif-
assembled LNP. A modified method was used here because SORT LNPs with high percentages
(>40%} of the permanently cationic lipid (2.g. DOTAP) do not butfer charge well even though
they contain ionizable cationic lipid. Due to the complexity of SORT LNPs that contain a

25 wvariety of charged lipids (not a single ionizable cationic lipid as in iraditional LNPs), the focus

was on the relative signal at 50%, which correlated with i vive tissue specific activity.

FI:8, 30A & 308 show inclusion of an iomizable bpid {e.g. 5A2-5C8) was required
for efficacy. LNPs that contained SORT lipids, but no ionizable cationic Hpid were in active.
{38A) Schematic illustration of SORT C2 LNPs. (30B) Details of C2 and SORT hipids €2

30 LNPs. £x vive luciferase images showed that both DODAP and DOTAP failed to cnable
significant mRNA delivery of C2 LNPs. These results indicate that the ionizable amino hipid

1s required for successful mRNA delivery (0.1 mg/kg, 6h, n=2}).
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FIGS. 31A-31E show SORT LNPs enabled tissue specific gene editing in Td-Tomato
mice by Cre mRNA delivery. (314) Schematic iHustration shows that delivery of Cre mRNA
activates Td-Tom expression in Td-Tom transgenic mice. (31B) mDLNP and 20% DODAP

LNPs induced Td-Tom fluorcscence specifically m the liver and 350% DOTAP LNPs

(]

selectively edited the lung. Td-Tom flucrescence of main organs was detected 2 days following
1V injection of Cre mRNA-loaded LNPs (0.3 mg/kg}. (31C) 30% 18PA SORT LNPs induced
gene editing in the spleen {note high liver background fluorescence in PBS injected mice).
{31 D) Confocal microscopy was emploved to further venity effective tissue editing. Scale bars
=20 pm and 100 um. (31E) FACS was used to quantify the percentage of TdTom™ cells within

10 defined cell type populations of the liver, lung, and spleen (day 2, 0.3 mg/kg).

FIG. 32 shows B6.Co-GHROSA)268pymCAadlomaiollize[F ( 419} mice exhibit some
autofluorescence in the absorption region for TdTom. Moreover, there is a large difference for
TdTom autofluorcscence between different organs (n=2). Liver and kidney show the highest
signal and spleen shows the lowest. Although this does not interfere with detection of editing

15 mmost organs {(when the excitation settings are properly adjusted to ehiminate background), it
dogs complicate detection of spleen Td Tom expression because background spleen is so much

lower than other organs.

FIGS, 33A-33C show CRISPR/Cas gene editing in the spleen was achieved in both
Td-Tom transgenic mice and wild tvpe C57/BL6 mice by co-delivering Cas9 mRNA and

20 sgRNA. (33A) Schematic illustration shows that co-delivery of Cas® mRNA and sgTom!
activates Td-Tom expression in Td-Tom mice. (33B) Td-Tom expression was induced in the
spleen and liver by the spleen-targeted formulation 36% 18PA SORT LNP. Quantification data
showed that cditing in the splecn was higher than in the hiver. Td-Tom fluorescence of main
organs was detected at day 2 after IV treatment with co-delivery of Cas9 mRNA and modified

25 sgToml (271, wi/wt} at the total doses of 4 mg/kg. (33C) T7E] assay indicated that specific
PTEN cditing of spleen was obtained by co-delivery of Cas9 mRNA (IVT) and sgPTEN.
C57/BL6 mice were TV injected with 30% 18PA SORT LNPs at total dose of 4 mg/kg (Cas9
mBRNA/sgPTEN, 2/1, wt/wt), and PTEN editing was detected at day 2. In this case, no hver
editing was observed, suggesting that spleen-specific editing can be achieved.

30 FIG. 34 shows DODAP-20 SORT LNPs achieved nearly 100% TdTom editing in
hepatocyies administration of a single 0.3 mg/hke Cre mRNA dose. As shown in the flow
cytometry histogram, there 1s full separation between TdTom- control mice and TdTom+ 20%
DODAP treated mice. After liver perfusion, the resected livers of mice treated with 20%
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DODAP SORT LNPs were swpnisingly bright red compared to control ivers. Even without
fluorescence excitation, the livers glowed red due to complete activation of TdTom expression.
TdTom mice were injected with 0.3 mg/kg Cre mRNA, then sacrificed afier two days (n=3).
Hepatocvtes were isolated by two-step collagenase perfusion and TdTom fluorescence was

analyzed by flow cytometry.

FiG. 35 shows the FACS gating strategy for analysis of TdTom+ expression in lung
cells 1s described. Ghost Red 780 was used to distinguish live and dead cells. EpCam+ was
used to define epithelial cells, D45+ and CD3 1- were used to define immume cells, and CD45-
and CD31+ were used to define endothelial cells. Gates for Td-Tom+ in cell types were drawn
based on PBS injected control mice. Td-Tom mice were injected with Cre mRNA tformulations

and Td-Tom+ m given cell types was detected by flow after two days (n=3).

FiG. 36 shows the FACS gating strategy for analysis of TdTom+ expression in splenic
cells 18 described. Ghost Red 780 was used to distinguish live and dead cells. CD44+ was used
to distinguish mmpune cells, then CD3+ and CD 1 1b- were used for T eclls, CB3- and CD11b+
were used for macrophage cells, CD19+ and CD11b- were used for B cells. Gates for Td-Tom+
n cell tvpes were drawn based on PBS mjccted control mice. Td-Tom mice were injected with
Cre mRNA formulations and Td-Tomato+ in given cell types was detected by flow afler two

days (r=3).

FiG. 37A-37G show SORT LNPs mediated tissue-specific CRISPR/Cas gene editing
of Td-Tom transgenic mice and C57/BL6 wild type mice by co-delivering Cas® mRNA and
sgRNA and by delivering Cas® RNPs. (37A) Schematie itlustration shows that co-delivery of
Cas9 mRNA (or Cas9 protein} and sgTom1 activates Td-Tom expression in Td-Tom transgenic
mice. (37B) mDLNP and 20% DODAP LNPs induced Td-Tom fluorescence specifically in the
bver and 50% DOTAP LNPs sclectively edited the hung. Td-Tom fluorescence was detected
10 days following 1V injection of Cas% mRNA and modified sgTom1 (4/1, wt/wt) at a total
dose of 2.5 mg/keg. (37C) tdTom expression was confirmed by confocal imaging of tissue
sections. Scale bars = 20 wm and 100 pm (37D) Cas® mRNA and sgPTEN were co-delivered
m SORT LNPs to selectively edit the hiver, lung, and spleen of £537/BL6 mice (total dose of
2.5 mg/kg (Cas9 mRNA/sgPTEN, 4/1, wit/wt; measured 10 days following a single injection).
The TTE] assay indicated that tissue specific PTEN editing was achieved. (37E) H&E sections
and IHC further confirmed soceessful PTEN editing. Clear cvioplasm indicated hipid
accummulation in H&E sections and PTEN loss in FHC images. Scale bar = 60 um. (37F)

Delivery of Cas%sgTom 1 nibonucleoprotein (RNP} complexes in 7% DOTAP or 55% DOTAP
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SORT LNPs mmduced Td-Tom fluorescence specifically in the biver and lungs, respectively.
Td-Tom fluorescence was detected 7 days following IV injection of Cas9/sgTom! RNPsata
dose of 1.5 mg/kg sgTomi. tdTom cxpression was confirmed by confocal tnaging of tissue
sections. Scale bars = 20 pm and 100 pm (37G) Liver- and lung-tropic SORT LNPs also
debivered Cas9/sgPTEN RNPs to selectively edit the liver and hungs C57/BL6 mice (1.5 mg/kg
sgPTEN; measured 7 days following a single imjection). The T7ET assay indicated that tissue

specific PTEN editing was achieved.

FIG. 38 shows IVT Cas9 mRNA was evaloated by westem blot. 2937 cells were
seeded in 12-well plate the day before transfection, cclls were treated for 24h by cach condition
before performing western blot. Cas9® pDNA was delivered by Lipofectamine 2000 and

mRNAs were delivered by mDLNPs.

FiGS. 39A & 39B show weight ratios of IVT Cas9 mRNA to sgTom 1 were optimized
via Cas% mRNA and sgRNA co-dehivery strategy. (39A) Schematic ilustration shows that co-
delivery of Cas9 mRNA and sgTom1 activates Td-Tom expression in transgenic mouse. (398)
Td-Tom fluorescence of major organs was imaged at day 7 after IV injection, indicating that
2/1 of CasY/sgTom1 (wi/wt) was optimal. The total RNA dose was 1 mg/kg, IVT Cash mRNA

and modified sgTom! were co-encapsulated by mBLNPs,

FiGS. 40A-401 show a modular approach was developed to cnable systemic
nanoparticle delivery of CRISPR/CasY ribonucleoproteins (RNPs) for tissue-specific genome
editing. (40A) Addition of a permancently cationic supplemental component {e.g. DOTAP) into
traditional LNP formulations enabled encapsulation and protection of Cas9/sgRNA complexes
using neutral buffers during nanoparticle formation. Precise tuning of the DOTAP percentage
mediated tissue-specific gene editing. (488) Size distribution of CasY/sgluc RNPs prepared in
PHS buffer (pH 74) and ctrate buffer (pH 4.0). The size increase is hkely due to
denatunzation. (40C) Size distribution of 3SA2-DOT-10 encapsulating Cas9/sgluc RNPs
prepared in PBS and citrate buffer. 5A2-DOT-10 prepared without RNPs was used as control.
{401} Size distribution of Cas%/sgRNA RNPs with Cas9/sgluc molar ratio of 1/1, 1/3 and 1/5.
{40K)} Size distribution of SA2-DOT-10 encapsulating CasY/sgluc with molar ratio of 1/1, 1/3
and 1/5 (40F) Zeta potential of Cag9/sgRNA RNPs showing decreasing charge. {40G) No
significant difference of zeta potential was observed for 3A2-DOT-10 encapsulating
Cas9/sglac with different molar ratios. (40H) Time-dependent cellular uptake of 5A2-DOT-
10 LNPs encapsulating EGFP-fused CasY/sgRNAs showing cytoplasmic release and gradual

entry into the nucleus. (441) Inhibition of SA2-DOT-10 LNP uptake was studicd using specific
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endocytosis inhibitors. AMI inhibitor of macropmocytosts; CMZ: mhibitor of clathrin-
mediated endocytosis; GEN: inhubitor of caveolac-mediated endocytosis; MBCD: lipid rafis-

mediated endocytosis; 4 degree: energy mediated endocytosis.

FIGS, 41A-C show (41A) table of 5A2-DOT-X LNPs showing the molar ratios and
percentages used to formulate SAZ-DOT-5 (5 mole % DOTAP), 5A2-DOT-10, 5A2-DOT-20,
SA2-DOT-30, 5A2-DOT-40, 5A2-DOT-50, and SA2-DOT-60 (60 mole % DOTAP) LNPs. A
total lipids/sgRNA ratio of 40:1 {wt.) was used for all LNPs. (41B) Gene editing in Hela-Luc
cells following treatment with different 3A2-DOT-X Cas9/sglac RNP formulations was
detected using the T7E! assay. (41C) Gene editing was analyzed using Sanger sequencing and
ICE analysis.

FIG. 42 show representative TEM mmages of 5A2-DOT-10 encapsulating Cas9/sgluc
RNP complexes with molar ratio of 1/3. SAZ-DOT-10 CasY/sgl uc was prepared at total Hipid
concentration of 2 mg/mL in PBS buffer. 3 ul of the nanoparticle solutions was dropped onto
carbon TEM gnds and allowed to deposit for 1 min before blotting with filter paper. Then the
TEM grids were imaged using Transmission Electron Microscopy (FEI Tecnai G2 Spirit
Biotwin).

FIG. 43 shows confocal images showing cellular uptake of PBS (control}), fiee
CasY/sgluc complexes (control), and 3A2-DOT-10 Cas%/sgluc m Hela-Luc cells 20 hr
following treatment. CasY-EGEP fusion protein was used to track the subcellular distribution
of Cas9/sgRNA complexes. The CasY/sgluc complexes cxhibited no detectable green
fluorescence above background (PBS) mmside cells, while bright green signals were detected

after treated with SA2-DOT-10.

FIGS. 44A-44H show gene editing oceurs quickly and effectively in virro. (444) TTE]
cleavage assay of DNA isolated from HeLa-Luc cells treated with vanous nanoparticles and
controls. Highly effective gene editing was mediated by 3A2-DOT-10 delivenng Cas9/sgluc
RNPs (1/3 and 1/5). Tndels (%) at Luc loci was quantified by ICE analysis. Note that gene
editing was 0% for LNPs prepared using low pH citrate buffer (the currently used and
catablished method). {(44B) Fluorescence microscopy images of Hela-GFP cells after
treatment with varous formulations. Seale bar = 100 um. SA2-DOT-10 Cas9/sgGEFP treatment
significantly decreased GFP fluorescence. {(44C) Flow cytometry analysis of Hela~-GFP celis
after treatment with various formulations. The peak of GFP positive cells shified completely
to the left only for the 5A2-DOT-10 Cas%/sgGFP group, indicating almost all GFP positive
cells went dark. (44D) Time-dependent GFP flucrescence mtensity of Hela-GFP cells after
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various treatments. Permanent GFP fluorescence loss after day 2 was observed with SA2-DOT-
10 Cas9/sgGFP treatment, while ICE analysis of Sanger sequencing data showed that indels
was maintained at higher than 90% aficr day 2. (44E & 44¥F) Mean Fluorescence ntensity (%)
of Hela-GFP cells after treatment with Cas%/sgGEP alone, Cas%/sgGFP-loaded 5A2-5C8,
C12-200, DLin-MC3-DMA LNP formulations contaming 10% supplemental DOTAP,
Cas%/sgGFP-loaded traditional C12-200 and DLin-MC3-DMA LNPs nanoformulations, and
Cas%/sgGFP-loaded RNAIMAX. The GFP fluorescence significantly decreased after treated
with all three DOTAP-moditied tormulations. The ICE analysis of Sanger sequencing data
further confirmed the highest gene editing efficiency was with SA2-DOT-10 LNPs. Mean +
s.em. (=3} Statistical significance was determined using a two- sided Student’s #-test. 11 7
value=42.69, degrees of freedom {(df)=4 (P<0.0001); 11 ¢ value=16.75, degrees of freedom
(dfy=4 (P<0.0001); F1+: 7 value=37.53, degrees of freedom (dfy=4 (P<0.0001). P value <0.05
was considered statistically significant. (444G} SAZ2-DOT-10 Cas9/sgGFP LNPs were stored at
4 °C tor 2 months. The nanoparticle diameter and PDI was monttored over time. (44H) Periodic
treatment of Hela-GFP cells with stored LNPs showed that no activity was lost, indicating
long-term LNP and RNP stability and potential for translation. All cells m the experiments

above were treated with 24 nM sgRNA.

FIGK. 45A & 45B show gene editing of different nanoformulations in Hela-GFP cells.
{45A) Mean floorescence intensity (%) of Hela-GFP cells after treated with Cas%/sgGFP alone,
S5AZ-BOT-10 CasYfsgluc, and 5A2-DOT-10 CasY/sgGEP (at total lipids/sgGFP weight ratio
of 40:1}. (45B) Mean fluorescence ntensity (96} of Hela-GFP cells after treatment of 5A2-
BOT-16 CasO/sgGFP prepared with total lipids/sgGEFP weight ratio at 10:1, 20:1, 30:1 and
40:1.

FIGS. 46A-46K show the generalizable RNP delivery strategy (FI1G. 40A) 1s universal
for iomizable cationic lipid nanoparticles (DLNPs, LLNPs, SNALPs) and for other cationic
lipids that are positively charged at pH 7.4 and for other neutral buffers. (46A) Scheme of LNP
formulation with different ionizable lipids. (46B) Details of LNP formulations with different
ionizable lipids, including determinate molar ratio and percentage of each component, and the
weight ratio of total lipids to sgRNA. (46C) Chemical structures of tonizable cationic lipids
psed in formulations, including 5AZ-SCHE, C12-200, and Dlin-MC3-DMA (4683) Mean
Fluorescence Intensity (%) of HeLa-GFP cells followimg treatment with Cas%/sgGFP RNPs
encapsulated in 3A2-DOT-10, C12-200-DOT-10, and MC3-DOT-10. The GFP fluorescence

significantly decreased after treatment with all three formulations. (46E) Scheme of LNP
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formulation preparation with different permanently cationic hpids. (46F) Details of LNP
formulations with different permanantly cationic Lipids, inclading determinate molar ratic and
percentage of each component, and the weight ratio of total lipids to sgRNA (46G) Chemical
structures of permanently cationic lipids used in formulations, including DOTAP, DDAB, and
EPC. (46H) Mean Flucrescence Intensity (%) of Hela-GFP cells afier treatment with
Cas9/sgGFP RNPs encapsulated in 3A2-DOT-10, SA2-DDAB-10, and 5A2-EPC-10. Instead
of DOTAP, other cationic lipids {(DDAB and EPC) were also able to achieve efficient gene
editing. {46f) Scheme of LNP formulation m different buffers. (46} Mean Fluorescence
Intensity (%6} of HeLa-GFP cells after treatment with SA2-DOT-10 formulated using different
buffers, including PBS, Opti-MEM, HEPES, and Citrate Buffer. Neutral buffer was required
for RNP encapsulation and delivery. (46K) Indels (%) at GFP loct in genomic DNA isolated
from Hela-GFP cells after treatment with 5A2-DOT-10 Cas%/sgGFP LNPs prepared using
different buffers were measored using ICE analysis. Al oeutral buffers showed high gene
editing in cells, demonstrating the importance of neutral buffers in nanoparticle preparation.
Please note that FIGS. 44E and 44F have been reproduced above in FIG. 43 to assemble

relevant data together for enhanced clarity.

FIGS. 47A-47J show highly efficient multiplexed genome editing was achieved in
vivo, {(47A) Schematic iHlustration shows how dehivery of Cas%/sgTOM RNPs activates Td-
Tom expression i Td-Tomato transgenic mice. SA2-DOT-X ENPs were injocted into Td-Tom
mice locally (via infra-muscle or intra-brain mjections) and systemically (via 1v. injoction
through tail vein). i vivo imaging of Td-Tom mice after intra-muscle (1 mg/kg sgTom) (478)
or mtra-brain (0.15 mg/kg sgTOM) (47D) mjection of 3A2-DOT-10 Cas®/sgTOM showed
bright red fluocrescence in the keg muscle or brain tissue {respectively). Successhid CRISPR/Cas
gene editing was further confirmed by confocal imaging of (47C) muscle and (47E) brain tissuc
sections. SAZ-DOT-10 cnabled higher gene cditing efficicncy than positive control
RNAIMAX, which has previously been used for local RNP igjections. (47F} In vivo imaging
of Td-Tom mice after intravenous (1Y} injection of SAZ-DOT-X Cas9/sgTOM LNPs with
different molar percentages of DOTAP. Td-Tom fluorescence, as a downstream readout of
DNA editing, showed that low DOTAP percentages facilitated liver editing while high DOTAP
percentages facilitated hung editing (1.5 mg/kg sgTOM, IV}, (47G) Successful CRISPR/Cas
gene editing was further confinmed by confocal imaging. (47H) The T7EI cleavage assay was
performed on DNA 1solated from liver and lung tissues after systemic IV treatment with SA2-

DOT-3, 5A2-DOT-10, SA2-vOT-50, and SA2-DOT-60 encapsulating Cas9/sgPTEN . Indels
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(%) was calculated and reported. (471 SA2Z-DOT-50 LNPs containing pooled sgRNAs for 6
targets (sagTOM, sgP53, sgPTEN, sgEmld, sgALK, and sgRB1) (3A2-DOT-50-Pool} were
admnistered to td-Tom mice IV at total RNA dose of 2 mg/kg (0.33 mg/kg cach sgRNAJ.
Gene cditing at the TOM loci was confirmed by in vivo imaging and (47J) editing of the other

5 loct was confirmed using the T7EI cleavage assay on lung tissaes.

FiGS. 48A-48H show 5AZ-DOT-X LNPs simplify generation of complex mouse
models. (48A) To create an in sifu Dbiver-specific cancer model, SAZ-DOT-5 LNPs
encapsulating Cas%/sgP53/sgPTEN/sgRB1 RNPs were injected into adult C57BL/6 muce
weekly (3 mjections, 2.5 mg/ke total sgRNA, IV, n=4} After 12, 15, and 20 wecks, mice were
sacriticed and hivers were collected to analyze tumor gencration. (48B) T7EI cleavage results
from genomic BNA extracted from livers confirmed gene editing occurred at all three foct.
(48C) Representative photograph of a mouse hiver containing tumors excised 20 weceks after
mjection. (480) H&E and Ki67 staming further confinmed progressive tumor formation.
Higher mor proliferation biomarker K167 expression was detected in tumor lesions. Scale bar
= 100 um. (48K} To create an in sifte lung-specific cancer model, 5A2-DOT-50 LNPs
encapsulating CasY/sgEmid/sgAlk RNPs were injected into adult C57BL/6 mice once (2
mg/kg) or twice (1.5 mg/kg weekly for 2 weeks) (1Y, n=5). After 10, 16, and 24 wecks, nuce
were sacrificed and lungs were collected to analyze tumor generation. (48F) T7E!I cleavage
results from genomic DNA extracted from lungs confirmed gene editing occurred at {oci of
Emi4 and Atk PCR amplicons of Eml4-Alk rearrangements were also detected m all lungs
treated with SAZ2-DOT-30 LNPs. (48G) Emld-Alk rearrangements were further confirmed by
sub-cloning and DNA sequencing (Predicted = SEQ 1D NO: 50; Clonel = SEQ ID NO: 51,
Clone? = SEQ ID NG: 52; Clone3 = SEQ 1D NO: 33; Cloned = SEQ ID NO: 34; Clong5 =
SEQ ID NG: 535; Cloned = SEQ ID NO: 56; Clone7 = SEQ ID NO: 57; Clone8 = SEQ ID NO:
58). (48H) H&E and Ki67 staining further confirmed progressive tumor formation. Higher
tamor proliferation biomarker Ki67 expression was detected in hung tumor lesions. Scale bar =

100 pm.

FIGS. 49A & 498 show gene editing efficiency of unmodificd sgRNA synthesized by
in vitro transcription (1VT) comparing to chemically modified and synthesized sgRNA (2°-
methy! 3”-phosphorothioate modifications in the first and last 3 nucieotides). (49A) Relative
tuciferase activity in Hela-Luc-Cas9 cells after treatment with IVT sgRNA and chenucally
modified sgRNA encapsulated nside nanoparticles. (49B) T7El assay detecting gene editing

efficiency of Cas9IVT sgRNA and Cas%/chemically modified sgRNA encapsulated
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nanoparticles. Cleavage bands at 536bp and 184bp were observed clearly with modified
sgRNA treatment group.

FIG. 30 shows gene editing of P53, PTEN and RB1 genes in mouse fiver after treatroont
with SAZ2-DOT-3 LNPs encapsulating Cas9/sgPS3/sgPTEN/sgRB1I RNPs. T7ED assay
detecting the gene editing of liver genomic DNA at PTEN, P53 and RBI genome loci, after
treatment weekly for two weeks. PBS treatment group was used as control. Cleavage bands
were detected at 261bp and 215bp of PCR amplicons targeting P53; cleavage bands were
detected at 345bp and 293bp of PCR amplicons targeting PTEN; cleavage bands were detected
at 395bp and 207bp of PCR amplicons targeting RB1

FI$. 51 shows T7E] assay detecting the gene editing of P53, PTEN and RB1 genes i
mouse liver after treatment with 3A2-DOT-5 LNPs encapsulating Cas8/sgP53/sgPTEN/sgRB1
RNPs. PBS treatment and SAZ2-DOT-5 only {(no Cas%/sgRNA) treatment groups were used as
control. The T7EI result of genome DNA extracted from tumor of mice after treated with SAZ-
DOT-3 LNPs encapsulating Cas9/sgP53/sgPTEN/sgRB 1 RNPs for 20 weeks demonstrated the
tumor generation was mduced by knockout of these three genes, as cleavage bands were
detected at all three genome loci.

FiG. 52 shows representative photograph of a mouse liver and excised tumors excised
from a mouse in the group treated with 3A2Z-DOT-5 LNPs encapsulating
Cas9/sgPS3/sgPTEN/sgRBT RNPs for 15 weeks.

FiGs. 83A- 53C show H&E and Ki67 staiming images of mouse livers following
treatment with SA2-DOT-5 LNPs only (no Cas9/sgRNA) {control) for 15 weeks and 20 weeks
(83A), tumors excised from a mouse in the group treated with 5A2-DOT-5 LNPs encapsulating
CasS/sgP33/3gPTEN/sgRB1 RNPs for 20 weeks (83B). No morphological changes were
detected with SA2-DOT-5 LNPs only treatments, suggesting nanovectors alone could not lead
to tumnors. Scale bar: 100 pm. (53C) Large view images of mouse liver tumor generation after
treated with SA2-DOT-5 LNPs encapsulating Cas9/sgPS3/sgPTEN/sgRB1T RNPs for 20 weeks.
Scale bar: 500 um.

FiGS. 54A-54D show generation of Eml4-Alk rearrangements in mouse lungs afier
treatment with SA2-DOT-50 LNPs encapsulating Cas%/sgbmld/sgAlk BRNPs for 7 days (2
mg/kg of total sgRNA). Eml4 editing (84A) and Alk editing {84B) were detected in genomic
DNA extracted from mouse lungs by T7EL assay. {(84C) PCR analysis was performed on
genomic DNA extracted from mouse lungs to determine Emdd-Alk inversion. (8348) The PCR
amplicons were sub-cloned and the sequences of 6 mndependent clones were histed, together
with a representative chromatogram presented on the upper panel. The chromatogram was
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exactly the same as predicted for Eml4-Alk rearrangement. (Predicted = SEQ 1D NO: 39
Clonel = SEQ ID NG: 59; Clone? = SEQ ID NO: 60; Cloned = SEQ ID NG: 61; Clone5 =
SEQ D NO: 61; Clone6 = 5EQ 1D NO: 62)

FIG. 38 shows H&E and K167 staiming images of mouse hvers treated with 3A2-DOT-

(]

50 LNPs Only (no Cas¥%/sgRNA) for 10 weeks and 16 weeks (LNP dose cqual to 1 mgikg of
total sgRNA}. No morphological changes were detected in 3A2-DOT-50 LNPs Only injected
animals. Scale bar; 100um.

Fi(:. 56 shows large view images of mouse lung tumor generation after treated with
5A2-DOT-50 LNPs encapsulating Cas%sgbmld/sg Alk RNPs for 24 weeks. Scale bar: 500 pm.
10 Several tumor lesions (highlighted)} were observed from both H&E and Ki67 staining images.

FIG. 87 shows 5A2-DOT-10 LNPs could deliver ovalbumin (OVA) protein efficiently
mnto the cytoplasm of HeLa-Luc cells. Cells were treated with free rhodammme-labeled OVA
protein and 5A2-DOT-10 LNPs encapsulating rhodamine-labeled OVA for 22 h before

maging by confocal microscopy.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{0085] Described herein 1s a lipid nanoparticle (LNP), composed of 1) a permanently

cationic lipid, 2} an ionizable cationic lipid, and 3} a phospholipid and may optionally contain
either cholesterol and lipid PEG or both. Inclusion of the permantly cationic lipid serves to

20 direct the LNP to a specific organ such as the fungs, the lymph nodes, or the spleen. The data
presented herein indicate that this effect 1s general, and the componenets are modular with each
category indicating that SA2-SCR can be replaced by any ionizable cationic bipid, BOTAP can

be replaced by anv cationic lipid, and DOPE can be replaced by any phospholipid. In some

embodiments, cholesterol and lipid PEG are also included, but formulations without

o
[

cholesterol or hipid PEG are feasible. These carners can deliver mRNA | sgRNA | and proteing

to spectfic organs in vivo, thus solving a major challenge.

A, CHEMICAL DEFINTIONS
{0086] When used in the context of a chemical group: “hydrogen” means —H:
“hydroxy” means —OH; “oxo” means =0; “carbonyl” means —C(=0}—; “carboxy” means
30 ~C(=0)0H (also written as ~COOH or ~CO:H); “halo” means mdependently —F, -1, ~Bror
-1, “amino” means —~NHz, “hydroxvamine” means —NHUOH: “nitro” means —NOz; imino

means =NH; “cyano” means —CN; “isocyanate” means —N=C=0; “azdo” means —Nz;, in a
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monovalent context “phosphate”™ means ~OP(OHOH):z or a deprotonated form thereof, in a
divalent context “phosphaie” means —~OP(OXOH)O— or a deprotonated form thercof
“mercapto” means —SH; and “thio” means =5; “sulfonyl” means —S{(Oh—; “hvdroxysulfonyl”

means —5{0p0OH; “sultonamide” means —S{O)NH»2; and “sulfinyl” means —S{0)—.

{00871 In the context of chemical formulas, the symbol “—" means a single bond, *="
means a double bond, and “=" means triple bond. The symbol “----7 represents an optional

bond, which if present is etther single or double. The symbol “====” represents a single bond

i RO |
or a double bond. Thus, for example, the formula Q meludes C, O @ ‘

and © And 1t 15 understood that no one such ring atom forms part of more than one double

bond. Furthermore, it is noted that the covalent bond symbol *—7, when connecting one or two

2]

stereogenic atoms, does not indicate any preferred stereochemistry.  Instead, it covers all

17

stereoisomers as well as mixtures thereof. The symbol “vrn ™ when drawn perpendicularty
across a bond {e.g.. §—6H3 for methvl) indicates a point of attachment of the group. Itis noted

that the point of attachment is typically onlv identified in this manuer for larger groups in order
to assist the reader in unambiguously identifying a point of attachment. The symbol ==&
means a single bond where the group attached to the thick end of the wedge 1s “out of the
page.” The symbol “"” means a single bond where the group attached to the thick end of
the wedge is “into the page”. The symbol “w " means a single bond where the geometry
around a double bond {e.g., either £ or 2} 1s undefined. Both options, as well as combinations
thereof are therefore intended.  Any undefined valency on an atom of a structure shown n this
application implicitly represents a hydrogen atom bonded to that atom. A bold dot on a carbon
atom mdicates that the hvdrogen attached to that carbon is orignted out of the plane of the

paper.

{B088] When a group “R” is depicted as a “floating group” on a ring svstem, for

example, i the formula:

AN
R"‘T/
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then R may replace any hydrogen atom attached to anv of the ring atoms, including a depicted,
mnplied, or expressty defined hydrogen, so long as a stable strocture is formed. When a group

“R” is depicted as a “floating group” on a tused ring svstem, as for example in the formula:

Riyg E SN

N X
H

)
5 then R may replace any hydrogen attached to any of the ring atoms of cither of the fused nings
paless specified otherwise. Replaceable hvdrogens mchide depicted hydrogens {e.g., the
bvdrogen attached to the nitrogen m the formula above), tmplied hydrogens {e.g., a hydrogen
of the formula above that is not shown but undersiood to be present), expressly defined
hydrogens, and optional hydrogens whose presence depends on the ideatity of a ring atom {e. g,
10 ahydrogen attached to group X, when X equals —CH-), so long as a stable structure 1s formed.
In the example depicted, R may reside on ecither the S-membered or the 6-membered ring of
the fused ring system. In the formula above, the subseript letter *y” immediately following the
group “R” enclosed in parcntheses, represents a numeric variable. Unless specified otherwise,
this variable can be 0, 1, 2, or any integer greater than 2, only hmited by the maximum number

15 ofreplaceable hvdrogen atoms of the ring or ring system.

{0089] For the chemical groups and compound classes, the number of carbon atoms in
the group or class 1s as indicated as follows: “Cu” defines the exact mumber (n) of carbon atoms
in the group/class. “C<n” defines the maximom mumber (1) of carbon atoms that can be in the
group/class, with the minimum number as small as possible for the group/class in guestion,

20 e.g., it is understood that the mintmun mumber of carbon atoms in the group “alkenyhess)” or
the class “alkenew<s)” is two. Compare with “alkoxywan”, which designates alkoxy groups
having from 1 to 10 carbon atoms. “Cn-n" defines both the mimmum {n} and maximum
number {(n'} of carbon atoms in the group. Thus, “alkvlwcz1e)” designates those alkyl groups
having from 2 to 10 carbon atoms. These carbon number indicators may precede or follow the

25 chemical groups or class it modifies and if may or may not be enclosed in parenthesis, without
signifying any change in meaning. Thus, the terms “C5 olefin”, “CS5-olefin”, “olefines”, and

“olefines” are all synonvmous.

{00908] The term “saturated” when used to modify a compound or chemical group

means the compound or chemical group has no carbon-carbon double and no carbon-carbon

30 iniple bonds, except as noted below. When the term is used to modify an atom, it means that
the atom is not part of any double or triple bond. In the case of substituted versions of saturated
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groups, one or more carbon oxygen double bond or a carbon mitrogen double bond may be
present. And when such a bond s present, then carbon-carbon double bonds that may occur
as part of keto-enol tautomernism or iming/cnamine tautomerisi are not precluded. When the
term “saturated” 1s used to modity a solution of a substance, it means that no more of that

substance can dissolve in that solution.

{0091} The term “aliphatic” when used without the “substituted” modifier signifies that
the compound or chemical group so modified is an acvclic or cyclic, but non-aromatic
bvdrocarbon compound or group. In aliphatic compounds/groups, the carbon atoms can be
joined together m straight chains, branched chamns, or non-aromatic rings (alicyclic). Aliphatic
compoands/groups can be saturated, that is joined by single carbon-carbon bonds
{alkanes/alkyl), or unsaturated, with one or more carbon-carbon double bonds

(alkenes/alkeny!) or with one or more carbon~carbon triple bonds {alkynes/alkyoyi).

{8092} The term “aromatic” when used to modify a compound or a chemical group
atom means the compound or chemical group contains a planar unsaturated ring of atoms that

is stabilized by an imteraction of the bonds fornung the ring.

{0093] The term “alkvl” when used without the “substituted” modifier refers to a
monovalent saturated aliphatic group with a carbon atom as the point of attachment, a bincar or
branched acychc structure, and no atoms other than carbon and hydrogen. The groups —CHs
{(Me), ~CH:CHs (Bt —CH2CHoCHs (-Pr or propvl), ~CH(CHs): (-Pr, 'Pr or isopropyl),
~CH:CHoCHoCHs  (-Bu), ~CH(CH)CH2CHs  (sec-butyl), —~CHCH(CHs):  (isobutyl),
~C(CHs)s (ferr-butyl, r-butvl, /~Bu or Bu), and ~CHyC{CHa): (neo-pentyl) are non-limiting

3

exaraples of alkyl groups. The term “alkavedivl” when used without the “substituted” modificr
refers to a divalent saturated aliphatic group, with one or two saturated carbon atom(s) as the
poini(s} of attachment, a Imear or branched acyclic structure, no carbon-carbon double or triple
bonds, and no atoms other than carbon and hvdrogen. The groups ~CHe— {methylene),
—CHxCHe—, —-CH2C(CH;5 3 CHo—, and —CH2CH2CH:— are non-limiting examples of alkanedivl
groups. An “alkane” refers to the class of compounds having the formula H-R, wherein R 1s
alkyl as this term is defined above. When any of these terms 18 used with the “substituted”
modifier one or more hydrogen aton: has been mdependently replaced by ~OH, —F, ~Cl, ~Br,
=i, —NHz, NGz, —CO:H, —C0:CHs, —CN, —SH, ~OCH:, ~OCHCHs, —C{O)YCHs, -NHCH:,
~NHCH2CHs, ~N{CHs)z, -C(O)NH, -C{OINHCH;, ~CON(ICHs)y, —~OC{O)CHs,
~NHC(GY Hs, ~S{0)0H, or -8{0)NH:. The following groups are non-Hmiting examples of
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substituted  alkyl  groups: ~CHOH, ~CHu(Cl, ~CF;, ~CHCN, -CHC(O)OH,
~CHoC{OYOCH:, ~CH2C{ONH,, ~CELC{O)YCHs, ~CHOCHs, ~CHOC(OYCH;, ~CHNH:,
—CH:N{CH:)2, and —CH2CH2CLL The teom “haloalkyl™ is a subset of substituted alkvi, in which
the hydrogen atom replacement is limited to halo (i.e. —F, —Cl, —Br, or ) such that no other
atoms aside from carbon, hydrogen and halogen are present. The group, ~CHa(l 15 a non-
limiting example of a haloalkyl. The term “fluoroalkvl” is a subset of substituted alkvl, in
which the hydrogen atom replacement is limited to fluore such that no other atoms aside from
carbon, hvdrogen and fluonne are present. The groups —CHoF, —CF;, and —~CHzCF; are non-

hmiting examples of fluorcalkyl groups.

0094] The term “cycloalkyl” when used withouat the “substituted” modifier refers to a
monovalent saturated aliphatic group with a carbon atom as the point of attachment, said carbon
atom forming part of one or more non-aromatic ring structures, no carbon-carbon double or
triple bonds, and no atoms other than carbon and hydrogen. Non-limiting examples include:
~CH(CHz): (cyclopropsl), cyclobutyl, cyclopentyl, or cyclohexyvl (Cyy  The term
“cycloalkanediyl” when used without the “substituted” modifier refers to a divalent saturated
aliphatic group with two carbon atoms as points of attachment, no carbon-carbon double or

4

triple bonds, and no atoms other than carbon and hyvdrogen. The group ¥ 1S anon-~
hEmiting example of cvcloalkanedivl group. A “cveloalkane” refers to the class of compounds
having the formula H-R, wherein R 1s cveloalkyl as this term is defined above. When any of
these terms 18 used with the “substituted” modifier one or more hvdrogen atom has been
mdependently replaced by ~OH, ~F, ~Cl, ~Br, -1, ~NHz, ~NOa, ~COH, ~CG:CH;s, ~ON,
~8H, ~OCH;, ~OCH:CH;, ~C(OyCHs, ~NHCH:, —~NHCH:CHs, ~N(CHzp, —C{O)NH.,
—C{ONHCHs, —C(O)N(CHa )2, —OC{OYCH3, -NHC{O)YCHs, —S(0):0H, or —S{0):NHa.

{0095] The term “alkenyl” when used without the “substituted™ modifier refers to an
monovalent unsaturated aliphatic group with a carbon atom as the point of attachment, a lincar
or branched, acychic structure, at least one nonaromatic carbon-carbon double bond, no carbon-
carbon triple bonds, and no atoms other than carbon and hydrogen. Non-limiting examples
mclude: —CH=CH: (vinyl), —CH=CHCH;, -CH=CHCH:CH: -CH(H=CH; ({(allyl),
—CHoCH=CHCH;, and —CH=CHCH=CH:z. The term “alkenedivl” when used without the
“substituted” modifier refers to a divalent vnsatorated aliphatic group, with two carbon atoms
as points of attachment, a linear or branched, a lincar or branched acyclic structure, at least one

nonaromatic carbon-carbon double bond, no carbon-~carbon triple bonds, and no atoms other
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than carbon and hydrogen. The groups ~CH=CH~, ~CH=C(CH:)CHy—, ~CH=CHCH:—, and
~CHCH=CHCH2— are non-limiting examples of alkenediyl groups. 1t is noted that while the
alkenedivl group s aliphatic, once connected at both cnds, this group is not precluded from

forming part of an aromatic structure. The terms “alkene™ and “olefin™ are synonvmous and

(]

refer to the class of compounds having the formula H-R, wherein R 1s alkenyl as this term 1s
defined above. Similarly the terms “tormunal alkene™ and “e-olefin™ are synonymous and refer
to an alkene having just one carbon-carbon double bond, wherein that bond is part of a vinyl
group at an end of the molecule. When any of these terms are used with the “substituted”
modifier one or more hydrogen atom has been independently replaced by —~OH, ~F, ~Cl, —Br,
16 —f —NHz, -NQGo, ~COH, ~CO:CH3, ~ON, ~SH, ~OCH;3, ~OCH:CHs, ~C(OyCHs, ~NHCH;,
“NHCH2CHs, —N{CHs), —-COINHz, —-COWNHCH:, -CON(CHze, —OCOYCHs,
~NHC(GCHz, —-S(OnOH or —S(OpNH:.  The groups ~CH=CHF, —CH=CHCl and

~CH=CHBr are non-limiting examples of substituted alkenyl groups.

{0096] The term “alkynyl” when used without the “substitated” modifier refers to a

[
(v

monovalent unsaturated aliphatic group with a carbon atom as the point of attachment, a hincar
ot branched acvelic structure, at least one carbon-carbon triple bond, and no atoms other than
carbon and hydrogen. As used herein, the term alkynyl does not preclude the presence of one
or more non-aromatic carbon-carbon double bouds. The groups ~C=CH, ~C=CCH;, and
—~CHC=CCH; arc non-luniting cxamples of alkynyl groups.  An “alkyne” refers to the class
20 of compounds having the formula H-R, wherein R 1s alkvnyl, When any of these terms are
ased with the “substituted” modifier one or more hyvdrogen atom has been independently
replaced by ~OH, —F, ~CL ~Br, —, ~NHz, NGy, ~COH, ~CO:CH;, ~CN, ~8H, ~OCH;,
—OCHCHs, —C{O)CH;, —NHCH;, —NHCHCHs, —N(CHs)e, —C(O)NH,, —C{O)NHCH;,
~CON(CHa g, ~OC(O)YCHs, ~NHC(O)CHs, ~S(O0R0H, or ~S(ORNH2.

25 {0097] The term “arvl” when used without the “substituted”™ modifier refers o a
monovalent unsatorated aromatic group with an aromatic carbon atom as the pomt of
attachment, said carbon atom forming part of a one or more six-membered aromatic ring
structure, wherein the ring atoms are all carbon, and wherein the group cousists of no atoms
other than carbon and hydrogen. I more than one ring is present, the rings may be fused or

30 unfused. As used herein, the term does not preclude the presence of one or more alkyl or
aralkyl groups (carbon number imitation permitting) attached to the first aromatic ring or any

additional aromatic ring present. Noon-himiting examples of aryl groups include phenvl (Ph),
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methvipheny!, (dimethyDphenyl, ~CeHaCH2CHs (ethylphenyl), naphthyl, and a monovalent
group derived from biphenyvl. The term “arencdiyl” when used without the “substituted”
maodificr refers 1o a divalent aromatic group with two aromatic carbon atoms as points of
attachment, said carbon atoms forming part of one or more six-membered aromatic ring
structure(s) wherein the ring atoms are all carbon, and wherein the monovalent group consists
of no atoms other than carbon and hvdrogen. As used herein, the term does not preclude the
presence of one or more alkyl, aryl or aralkyl groups (carbon number imitation permitting}
attached to the first aromatic ring or any additional aromatic ning present. If more than one
ring is present, the rings may be fused or unfused. Unfused rings may be connected via one or
more of the following: a covalent bond, alkanedivl, or alkenedivl groups (carbon number

bmitation permitting). Non-hmiting examples of arenedivi groups include:

KO+ 40+ T
-3

An “arene” refers to the class of compounds having the formula H-R, wherein R s aryl as that
term is defined above. Benzene and toluene are non-linuting examples of arenes. When any
of these terms are used with the “substituted” modifier one or more hvdrogen atom has been
mdependently replaced by ~OH, ~F, ~Ci, -Br, ~I, ~NHa, ~NG2, ~CaH, ~C0CH;, ~CN,
~8H, ~OCH:, —~OCH:CHs, ~C{O)CHs, ~NHCHs, ~NHCHCHs, ~N(CHs)a, —~C(O)NHa,
—C{OWNHCH:, ~C{ON{CHs), —OC(0)CHs, -NHC(O)CH:, —5(0)20H, or —S(O):NH».
{0098] The term “aralkyl” when used without the “substituted” modifier refers to the
monovalent group —alkanediyl—arvl, in which the terms alkanediyl and aryl are cach used in a
manner consistent with the definitions provided above. Now-limiting examples are:
phenvimethyl (benzyl, Bn) and 2-phenyl-cthyl. When the term aralkyl 1s used with the
“substituted” modifier one or more hydrogen atom from the alkanedivl and/or the aryl group
has been independently replaced by ~OH, —F, ~{1, ~Br, ~L ~NHz, ~NQG,, ~CGH, ~CO:CH;3,
—CN, =8H, —OCH3, ~OCH:CHs, —C(O)CHs, -NHCH:, —-NHCH:CHs, —N{CHs ), —C(O)NH>,
—COYNHCH:, —C{ON(CHs )2, —“OCO)YCH:, -NHC(OYCH3, —S(O»OH, or —5{0)pNH2, Non-
hmiting examples of substituted aratkyls are: (3-chlorophenyl}-methyl, and 2-chloro-2-phenyl-

eth-1-vL
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{0099] The term “heteroaryl” when used without the “substituted” modifier refers to a
monovalent aromatic group with an aromatic carbon atom or nitrogen atom as the point of
attachment, said carbon atom or nitrogen atom forming part of onc or more aromatic ring
structures wherein at least one of the ring atoms 1s nitrogen, oxvgen or sulfur, and wherem the
hetercaryl group consists of no atoms other than carbon, hydrogen, aromatic nitrogen, aromatic
oxvegen and aromatic sulfur. Heteroaryl rings may countain 1, 2, 3, or 4 ring atoms selected
from are nitrogen, oxvgen, and subfur. If more than one ring 1s present, the rings may be fused
orunfused. Asused herem, the term does not preclude the presence of one or more alkyl, arvl,
and/or aralkyl groups {carbon mumber hmitation permithing} attached to the aromatic ring or
aromatic ring system. Non-limiting examples of heteroaryl groups include furanyl, imidazolyl,
mdolyl, indazolvl (Im), isoxazolvl, methylpyndinyl, oxazolyl, phenvipvridinyl, pvrdinyl
(pyridvl), pyrrolyl, pyrimidinyl, pyrazinyl, qunolyl, quinazolyl, qumoxalinyl, triazinyl,
tetrazolyl, thiazolvl, thienvl, and tnazolvl. The term “N-heteroarvl” refers to a heteroaryl group
with a nitrogen atom as the point of attachment. The term “heteroarenedivi”™ when used without
the “substituted” moditier refers to an divalent aromatic group, with two aromatic carbon
atoms, two aromatic nitrogen atoms, or one aromatic carbon atom and one aromatic nitrogen
atom as the two poinis of attachment, said atoms forming part of one or more aromatic ring
structure(s) whercin at lcast one of the ring atoms is nitrogen, oxygen or sulfur, and wherein
the divalent group consists of no atoms other than carbon, hvdrogen, aromatic nitrogen,
aromatic oxygen and aromatic sulfur. 1f more than one ring is present, the rings may be fused
or unfused. Unfused rings may be connected via one or more of the following: a covalent bond,
atkanedivl, or alkenedivl groups {carbon number imitation permitting). As used herein, the

term does not preclude the presence of one or more atkyl, aryl,

and/or aralkyvl groups {carbon
number limitation permitting) attached to the aromatic ring or aromatic ring system. Non-

himiting examples of heteroarenedivl groups include:

’7?/
cor HOF e
'"% \ }‘g"‘ N ’/K‘:/Néé%b

_____ , H and
A “heteroarene” refers to the class of compounds having the formula H-R, wherein R is
heteroaryl. Pyndine and quinoline are non-himiting cxamples of heteroarencs. When these
terms are used with the “substituted” modifier one or more hydrogen atom has been

mdependently replaced by ~OH, ~F, ~Cl, ~Br, L, ~NHa, ~NGa, ~COH, ~CO:CHs, ~CN,
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=SH, ~OCH:, ~OCH:CHs, ~C(O)CH:;, ~NHCHs, ~NHCHCHs, ~N(CHs)e, —C(O)NHz,
~C{OINHCH;, ~C{OMIN{CHs})o, ~OC(O)CHs, ~NHC(O)CHs, —5(0)0H, or —5(0)NHa.
{00100]  The torm “heterocycloalkyl™ when used without the “substituted” modifier

refers to a monovalent non-aromatic group with a carbon atom or nitrogen atom as the point of

(]

attachment, said carbon atom or nitrogen atom forming part of one or more non-aromatic ring
structures wherein at least one of the ring atorms is nitrogen, oxygen or sulfur, and wherein the
heterocycloalkyl group consists of no atoms other than carbon, hydrogen, nitrogen, oxygen and
sulfur. Heteroevcloalkyl nings may contain 1, 2, 3, or 4 ring atoms selected from mitrogen,
oxygen, or sulfor. If more than one ning is present, the rings may be fused or unfused. As used
10 herein, the term does not prechude the presence of one or more alkvl groups {(carbon number
bmitation permitting} attached to the nng or ring system. Also, the term does not preclude the
presence of one or more double bonds in the ring or ring system, provided that the resulting
group remains non-aromatic.  Non-limiting examples of heterocycloalkyl groups include
azindinyl, azetidinyl, pyvrrolidinyl, piperidinyl, piperazinyi, morpholinyl, thiomorpholinyi,
15 tetrahvdrofuranyl, tetrabvdrothiofuranyl, tetrahydropyranyl, pyranyl, oxaranyl, and oxetanyl.
The term “N-heterocyeloalky]l” refers to a heterocycloalky] group with a nitrogen atom as the
point of attachment. AN-pyrrolidiny! is an example of such a group. The tormm
“heterocycloalkanedivl”™ when used without the “substitited” modifier refers to an divalent
cyclic group, with two carbon atoms, two mitrogen atoms, or one carbon atom and one nitrogen
20 atom as the two poings of attachment, said atoms forming part of one or more ring structure(s}
wherein at least onc of the ring atoms is nitrogen, oxvgen or sulfur, and wherein the divalent
group consists of no atoms other than carbon, hydrogen, nitrogen, oxvgen and sulfur. If more
than one ring s present, the rings may be fused or unfused. Unfused rings may be connected
via ong or more of the following: a covalent bond, alkanedivl, or altkenediyl groups (carbon
25 number limitation permitting). As used herein, the term does not prechude the presence of one
or more alkyl groups {carbon number Hmitation permitting) attached to the ring or ring system.
Also, the term does not preclude the presence of one or more double bonds in the ring or ring
system, provided that the resulting group remains non-aromatic.  Non-imiting examples of

heterocycloalkanedivl groups inchude:

NH O/W HN-,
30 _505_ g N\i’sj, and ” /!\/N;\.
When these terms are used with the “substituted” modifier onc or more hydrogen atom has
been independently replaced by —OH, —F, —CI, —Br, -1, —-NHy, —NO», —COuH, —CGCHa,
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=N, =SH, —~OCH;:, ~OCH:CHs, —C(O)CHs, -NHCH;, ~NHCHCHs, —N(CHz ), ~C(O)NHa,
~C{OINHCH;, ~C{OMIN{CHs})o, ~OC(O)CHs, ~NHC(O)CHs, —5(0)0H, or —5(0)NHa.
{00101]  The term “acyl” when used without the “substituted” modifier refers to the
group —C(OIR, 1 which R is a hydrogen, alkvl, cyeloalkyl, alkenyl, aryl, aralkyl or heteroaryl,
as those terms are defined above. The groups, ~CHO, —C{OYCH: (acetyl, Ac), ~C(OYCHCH;,
~COYWCH.CHoCH:, ~C(OYCH(CHs),, ~C{OYCH(CHz), —C(O)YCoHs, —C(OY CsHaCHs,

~C{OYCHCelHs, —C(O¥(imidazolyl) are non-imiting examples of acyl groups. A “thioacvl” is

(]

defined 1n an analogous manner, except that the oxygen atom of the group —C(()R has been
replaced with a sulfur atom, —~C{(5)R. The term “aldchyde™ corresponds to an alkane, as defined
10 above, wherein at least one of the hydrogen atomas has been replaced with a —CHO group.
When anv ot these terms are used with the “substituted” modifier one or more hydrogen atom
(including a hydrogen atom directly attached to the carbon atom of the carbonyi or thiocarbonyl
group, if any} has been mdependently replaced by —~OH, —F, ~Cl, ~Br, ~L ~NH, -NO»,
—CO:H, —CO2CHs, —CN, —SH, —OCHs, “0CH:2CH:, —C(0)CHs, -NHCHs, —NHCH2CHs,
15 =N{CHs), —-C(ONH., -COINHCH:, -CON({CH:z), —-OCCO)YCHs, -NHC(O)CH:,
~S{Op0OH, or —~S(0RNH:.. ¢ groups, ~C{OHCHCEF:, ~COH (carboxyl), —COCH:3
{methyicarboxyl), ~CO:CHuCHs, ~C{O)NH:2 (carbamoyl), and ~CON{CHs):, are non-limiting

examples of substituted acvl groups.

{001062]  The term “alkoxy” when used without the “substituted” modificr refers to
20 the group —OR, in which R 1s an alkyl, as that term is defined above. Non-hmitting examples
~OCHCH:  (ethoxy), ~OCHCHzCH:, —~OCH(CHs):
{isopropoxy}, —OC(CH:z)s {fer-butoxy), ~OCH{CHz}z, ~O-cyelopentyl, and ~O-—cyclohexyl.

melude:  ~OCH:  {methoxy)

E33

The terms “eveloalkoxy”, “alkenvloxy”™, “alkvavioxy”, “arvioxy”, “aralkoxy”,
“hetercaryioxy”, “heterocycloalkoxy™, and “acvioxy”, when used without the “substituted”
25 modifier, refers to groups, defined as —OR, in which R is cycloalkyl, alkenyl, alkynyl, aryl,
aralkvl, heteroaryl, heterocyeloalkyl, and acyl, respectively. The term “alkoxvdivi” refers to
the divalent group —O-alkanedivl—, ~O-alkanediyl-0-, or —alkancdiyl-0O-alkanedivl—. The
term “alkvithio” and “acvlthio” when used without the “substituted” modifier refers to the
group —~SR, in which R is an alkyvl and acvl, respectively. The term “alcohol” corresponds to
30 analkane, as defined above, wherein at least one of the hydrogen atoms has been replaced with
ahvdroxy group. The term “cther” corresponds to an alkane, as defined above, wherein at least
one of the hydrogen atoms has been replaced with an alkoxy group. When any of these terms

is used with the “substituted” modifier one or more hydrogen atom has been independently
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replaced by ~OH, —F, —C1, —Br, —1. -Nth. ~NO». —CO:H, ~CO:CHa, ~CN, —8H, ~GCH:.
~OCHCH;, ~C(OYCH:, ~NHCH:, ~NHCH:CHs, ~N(CH3),, ~C(ONH, ~C(OINHCH:,
~COWN(CH: 1. —OC(OYCH:, “NHC(O)CH:, —S(0):0H. or —S(0)NH:.

[00163]  The term “alkylaming” when used without the “substituted” modifier refers

5 to the group —NHR, i which R is an alkyl, as that tcom is defined above. Non-limiting
examples include: “NHCH:z and -NHCH2CHs. The term “dialkylamino” when used without

the “substituted” modifier refers to the group ~NRR', in which R and R’ can be the same or
different alkyl groups, or R and R’ can be taken together to represent an alkanediyl Non-
bmiting examples of dialkylamino groups meclude: —N{CHz)2 and —N{CHz}{CHCH3). The

10 terms “cyeloalkylamino”, “alkenvlamino”, “alkynviamine”™, “arvlamino”, “aralkylamine”,
“hetercaryiaming”, “heterocycloalkylaming”, “alkoxyamino”, and “alkyisulfonylamino” when

used without the “substituted” modificr, refers to groups, defined as —NHR, in which R is
cveloalkyl, alkenvl, alkvnvl, aryl, aralkyl, heteroaryl, heterocyeloatkyl, alkoxy, and

alkvisulfonyl, respectively. A non-limiting example of an arvliamino group is ~NHCsHs. The

[
(v

term “alkviaminodivl™ refers to the divalent group ~NH—alkanediyl—, ~NH-alkanedivli~NH—,
or —atkanedivl-NH-alkanediyl-. The term “amido” {(acylamino}, when used without the
“substituted” modifier, refers to the group ~NHR, i which R is acvl, as that term is defined
above. A non-hmiting example of an amido group is ~NHC(CYCHs. The term “alkylimino™
when used without the “substituted” modifier refers to the divalent group =NR, 1 which R is
20 an alkyl, as that term 1s defined above. When any of these terms is used with the “substituted”
modifier one or more hydrogen atom attached to a carbon atom has been independently
replaced by ~OH, —F, ~CL ~Br, —, ~NHz, ~NOn, ~COH, ~CO:CH;, ~CN, ~8H, ~OCH;,
—OCHCHs, —C{O)CH;, —NHCH;, —NHCHCHs, —N(CHs)e, —C(O)NH,, —C{O)NHCH;,
~C{ON(CH3p, ~OC(O)CH:, ~NHC(OYCHs, -8(03R0H, or ~-S(0pNHz,  The groups
25 ~NHC{O¥OCH; and ~NHC(O)NHCH: are non-limiting examples of substituted amido groups,

[00184] The use of the word “a” or “an,” when used in conpunction with the term
ok . S 2y < p S s p . . 13 . Y M M :
comprising” in the claims and/or the specification may mean “one,” but if is alsoc consistent

with the meaning of “one or more,” “at least one,” and “one or more than one.”

{00165]  Throughout this application, the term “about” is used to indicate that a value
30 includes the inherent variation of error for the device, the method being emploved to determine

the value, or the vanation that exists among the study subjects.
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{00166]  As used in this application, the term “average molecular weight” reters to
the relationship between the number of moles of each polymer species and the molar mass of
that species. In particular, cach polymer molecule may have different levels of polyvmerization

and thus a different molar mass. The average molecular weight can be used to represent the

(]

molecular weight of a plurahity of polymer molecules. Average molecular weight is typically
synonvmous with average molar mass. In particular, there are three major types of average
molecular weight: nuraber average molar mass, weight (mass) average molar mass, and Z-
average molar mass. In the context of this application, unless otherwise specified, the average
molecolar weight represents either the number average molar mass or weight average molar
10 mags of the formula. In some embodiments, the average molecular weight is the number
average molar mass. In some embodiments, the average molecular weight may be used to

describe a PEG component present in a lipid.

b2l

{00167] The terms “comprise,” “have” and “include” are open-ended linking verbs.

Any forms or tenses of one or more of these verbs, such as “comprises,” “comprising.” “has,”

3% Ge

“having,” “includes™ and “including,” are alsc open-ended. For example, any method that

ot
(v

“comymises,” “has” or “includes” one or more steps is not fimited to possessing only those one

R

or more steps and also covers other unlisted steps.

{00168] The term “effective,” as that term 1s used in the specification and/or claims,

means adequate to accomplish a desired, expected, or mtended result. “Effective amount,”

20 “Therapeutically effective amount”™ or “pharmaceutically effective amount” when used in the
context of treating a patient or subject with a compound means that amount of the compound
which, when admunistered 1o a subject or patient for treating a disease, is sufficient to effect

such treatment for the discase.

[00109]  Asused herein, the term “1Cs0” refers to an inhibitory dose which is 50% of

N
(4

the maximum respouse cbtained. This quantitative measure mdicates how much of a particolar
drug or other substance (inhibitor) is necded to mhibit a given biological, biochemical or
chemical process {or component of a process, 1.e. an enzvme, cell, cell recepior or

microorganism) by half.

[00110]  An “isomer” of a first compound is a separate compound in which each
30 molecule coutains the same constituent atoms as the first compound, but where the

configuration of those atoms in three dimensions ditfers.
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{00111}  Asused herein, the term “patient” or “subject” refers to a iving mammalian
organism, such as a human, monkey, cow, sheep, goat, dog, cat, mouse, rat, guinea g, or

transgenic species thercof. In certain embodiments, the patient or subject is a primate. Non-

himiting examples of human subjects are adults, juveniles, infants and fetuses.

3 {00112]  As generally used hercin “pharmaceutically acceptable” refers to those
compounds, materials, compositions, and/or dosage forms which are, within the scope ot sound
medical judgment, suitable for use in contact with the tissues, organs, and/or bodily fluids of
human beings and animals without excessive toxicity, uritation, allergic response, or other

problems or complications commensurate with a reasonable benefit/risk ratio.

10 {00113] “Pharmaccutically acceptable salis” means salts of compounds of the
present disclosure which are pharmaceutically acceptable, as defined above, and which possess
the desired pharmacological activity., Such salts mclude acid addition salts formed with
morganic acids such as hvdrochlonic acid, hydrobromic acid, sulfunc acid, nitric acid,
phosphoric acid, and the like; or with organic acids such as 1,2-cthanedisulfonic acid,

15 2-hvdroxvethanesulfomic  acid, 2-naphthalenesuifonic  acid, 3-phenylpropionic  acid,
4 4'-methylenebis{3-hydroxy-2-gne-1-carboxylic  acid},  4-methyibicyclo]2 .2 Zjoct-2-ene-
1~carboxylic acid, acetic acid, aliphatic mono- and dicarboxvlic acids, aliphatic sulfuric acids,
aromatic suifuric acids, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, carbonic
acid, cinnamic acid, citric acid, cyclopentanepropionic acid, ethanesulfonic acid, fumaric acid,

20 glucoheptonic acid, gluconie acid, glutamic acid. glveolic acid, heptanoic acid, bexanoic acid,
bvdroxyoaphthoic acid, lactic acid, lavrvisulfuric acid, maleic acid, malic acid, malonic acid,
mandelic acid, methanesulfonic acid, muconic acid, o-{(4-hvdroxybenzoyhbenzoic acid, oxalic
acid, p-chlorobenzenesulfonic acid, phenvi-substitted alkanoic acids, propionic acid,
p-tolucnesulfonic acid, pvruvic acid, salicvlic acid, stearic acid, succinic acid, tartaric acid,

25 tertarybutylacetic acid, trimethylacetic acid, and the hike. Pharmaceutically acceptable salts
also include base addition salts which may be formed when acidic protons present are capable
of reacting with morganic or orgamic bases. Acceptable inorganic bases include sodium
bvdroxide, sodivm carbonate, potassium hvdroxide, aluminum hydroxide and calcium
hvdroxide. Acceptable organic bases include ethanolamine, diethanolamine, triethanolamine,

30 tromethamine, N-methylghucamine and the like. I should be recognized that the particular
anion or cation forming a part of any salt of this disclosure is not critical, so long as the sali, as

awhole, is pharmacologically acceptable. Additional examples of pharmaceutically acceptable

Ln
<D
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salts and their methods of preparation and use arc presented n Handbook of Pharmaceutical
Salts: Properties, and Use (P. H. Stahl & C. G. Wermuth eds., Verlag Helvetica Chimica Acta,

2002).

[00114] The term “pharmaceutically acceptable carrier,” ag used hercin means a
phamaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material, mvolved 1o carrving or transporting a

chemical agent.

[00115]  “Provention” or “preventing” includes: (1) inhibiting the onset of a dissase
i 2 subject or patient which may be at risk and/or predisposed to the disease but does not yet
experience or display any or all of the pathology or symptomatology of the discase, and/or (2}
slowing the onset of the pathology or symptomatology of a disease 1 a subject or patient which
may be at risk and/or predisposed to the disease but does not vet expenence or display any or

all of the pathology or symptomatology of the disease.

[00116] A “repeat umit” is the simplest structural entity of certain materials, for
exarmaple, frameworks and/or polymers, whether organic, inorganic or metal-organic. In the
case of a polymer chain, repeat unuts are linked together successively along the cham, hike the
beads of a necklace. For example, i polvethyvlene, -[-CHxCHz-lu-, the repeat unit is
~{CHCHz—. The subscript “n” denotes the degree of polymenzation, that s, the number of
repeat units linked together. When the value for “n” is left undefined or where “n” is absent,
it simply designates repetition of the formula within the brackets as well as the polymeric nature
of the material. The concept of a repeat unit applics equally to where the connectivity between
the repeat units extends three dimensionally, such as in metal organic frameworks, moditicd
polvmers, thermosetting polvmers, etc. Within the context of the dendrimer, the repeating unit
may also be described as the branching unit, mterior lavers, or generations.  Sinularly, the

terouinating group may also be described as the surface group.

[00117] A “stercoisomer” or “optical isomer” 18 an isomer of a given compound in
which the same atons are bonded to the same other atoms, but where the configuration of those
atoms in three dimensions differs. “Enantiomers” are stereoisomers of a given compound that
are mirror images of cach other, like left and right hands. “Diastecreomers™ are stercoisomers
of a given compound that are not enantiomers. Chiral molecules contain a chiral center, also

referred to as a stercocenter or stercogenic center, which is any point, though not necessariy

Wn
[y
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an atom, in a molecule bearing groups such that an mterchanging of any two groups leads to a
stereoisomer. In orgamic compounds, the chiral center is typically a carbon, phosphoras or
sulfur atom, though it is also possible for other atoms to be stercocenters in organic and

morganic compounds. A molecule can have multiple stereocenters, giving it many

(]

stereoisomers. In compounds whose stereoisomerism is due to tetrahedral stereogenic centers
{e.g.. tetrahedral carbon), the total number of hypothetically possible sterecisomers will not
exceed 27, where n is the number of tetrahedral stercocenters. Molecules with svmmetry
frequently have foewer than the maximum possible number of stercoisomers. A 50:30 mixture
of enantiomers is referred to as a racemic mixture. Alternatively, a mixture of enantiomers can
10 be enantiomerically enriched so that one enantiomer is present 1n an amount greater than 50%.
Tyvpically, enantiomers and/or diasicreomers can be resolved or separated using techniques
known in the art. It is contemplated that that for any stereocenter or axis of chirality for which
stereochemistry has not been defined, that stereccenter or axis of chirality can be present in ifs
R form, § form, or as a nuxture of the & and $ forms, including racemic and non-racemic
15 mixtures. As used herein, the phrase “substantially free from other stereoisomers” means that
the composition contains < 153%, more preferably < 10%, even more preferably <5%, or most

preferably < 1% of another stercotsomer(s).

[00118]  “Treatment” or “treating” meludes {1} inhibiting a discase in a subject or

paticnt experieneing or displayving the pathology or sympiomatology of the disease {e.g.,

20 arvesting further development of the pathology and/or symptomatology), (2) amehorating a
disease in a subject or patient that is experiencing or displaying the pathology or

symptomatology of the disease {(e.g., reversing the pathology and/or symptomatology), and/or

e

{3) effecting any measurable decrease in a discase in a subject or patient that is experiencing

or displaying the pathology or symptomatology of the discase.

25 {00119]  The above definitions supersede any conflicting definition in any reference
that is incorporated by reference heremn. The fact that certain terms are defined, however,
should not be considered ag indicative that any term that is undefined is ndefinite. Rather, all
terms used are believed to describe the disclosure in terms such that one of ordinary skill can

appreciate the scope and practice the present disclosure.

36 B CATIONIC IONIZABLE LIPIDS

[00120] In some aspects of the present disclosure, composition containing

compounds contatnning hipophiic and cationic components, wherein the cationic component is

W
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ionizable, are provided. In some embodiments, the cationic ionizable lipids contamn one or
more groups which is protonated at physiological pH but may deprotonated at a pH above 8,
9,10, 11, or 12. The ionizable cationic group may contain one or more protonatable amines

which are able to form a cationic group at physiological pH. The cationic ionizable hipid

(]

compoand may also farther comprise one or more lipid components such as two or more fatty
acids with Cs-Cag alkyl or alkenyl carbon groups. These lipid groups may be attached through
an ester finkage or may be further added through a Michael addition to a sulfur atom. In some
embodiments, these compounds may be a dendnmer, a dendron, a polymer, or a combination

thereof.

10 [00121]  In some embodiments, these cationic ionizable lipids are dendrimers, which
are a polymer exiubiting regular dendntic branching, formed by the sequential or generational
addition of branched lavers to or from a core and are characterized by a core, at least one
mterior branched layer, and a surface branched laver. (See Petar R, Dvormic and Donald A.

Tomalia i Chem. i Britain, 641-645, August 1994} In other embodiments, the term

[
(v

“dendrimer” as used herein is intended to include, but is not limited to, a molecular architecture
with an mterior core, interior layers (or “gencrations” ) of repeating units regularly attached to
this mitiator core, and an extenior surface of terminal groups attached to the outermost
generation. A “dendron” is a species of dendrimer having branches emanating from a focal
point which is or can be joined to a core, cither directly or through a linking moiety to form a
20 Jarger dendnimer. In some embodiments, the dendrimer structures have radiating repeating
groups from a central core which doubles with cach repeating unit for cach branch. In some
embodiments, the dendnmers described herein may be descrbed as a small molecule, mediom-
sized molecules, lipids, or lipid-ike material.  These terms may be used to described
corpounds described herein which have a dendron like appearance {(e.g. molecules which

25 radiate from a single focal poing}.

[00122] While dendrimers are polymers, dendrimers may be preferable to traditional
polymers because they have a controllable structare, a single molecular weight, numerous and
controllable surface fumctionalities, and traditionally adopt a globular conformation after
reaching a specific generation. Dendrimers can be prepared by sequentially reactions of cach

30 repeating unit to produce monodisperse, tree-like and/or gencrational structure polymeric
structures. Individual dendnmers consist of a central core molecule, with a dendritic wedge

attached to one or more functional sites on that contral core. The dendrimeric surface laver can

W
(O]
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have a variety of functional groups disposed thereon including amonie, cationic, hvdrophilic,

or lipophilic groups, according to the assembly monomers used during the preparation.

[00123]  Modifying the functional groups and/or the chemical properties of the core,

repeating wnits, and the surface or terminating groups, their physical properties can be

5 modulated. Some propertics which can be varied include, but are not linuted to, solubility,
toxicity, immunogenicity and bioattachment capability. Dendrimers are often described by

their generation or mimber of repeating umits in the branches. A dendrimer consisting of only

the core molecule is referred to as Generation 0, while cach consecutive repeating unit along

ajl branches is Generation 1, Generation 2, and so on until the terminating or surface group. In

10 some embodiments, half generations are possible resulting from only the first condensation

reaction with the amine and not the second condensation reaction with the thiol.

[00124] Preparation of dendrmers requires a level of synthetic control achieved
through series of stepwise reactions comprising building the dendrimer by cach consecutive
group. Dendrimer svnthesis can be of the convergent or divergent type. During divergent

15 dendnmer synthesis, the molecule is assembled from the core to the periphery in a stepwise
process involving attaching one generation to the previous and then changing functional groups
for the next stage of rcaction. Functional group transformation is necessary to prevent
uncontrolled polymerization. Such polymenization would lead to a highly branched molecule
that is not monodisperse and is otherwise known as a hyperbranched polymer. Doe to steric

20 effects, continuing to react dendrimer repeat units leads to a sphere shaped or globular
maolecule, until steric overcrowding prevents complete reaction at a specific generation and
destrovs the molecule's monodispersity. Thus, in some embodiments, the dendrimers of Gl-
G 10 generation are specifically contemplated. In some embodiments, the dendrimers comprise
1,2, 3, 4,35, 6,7, 8 9 or 10 repeating units, or any range derivable therein. In some

25 embodiments, the dendrimers used herein are GO, G1. G2, or G3. However, the number of
possible generations (such as 11, 12, 13, 14, 15, 20, or 25) may be increased by reducing the

spacing units in the branching polymer.

[00125]  Additionally, dendrimers have two major chemical environments: the
environment created by the specific surface groups on the termination generation and the

30 interior of the dendritic structure which due to the higher order structure can be shiclded from
the bulk media and the surface groups. Because of these different chemical environments,

dendrimers have found mumerous different potential uses including in therapeutic applications.

Ln
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[00126] In some aspects, the dendrimers that may be used in the present
compositions are assembled using the differential reactivity of the acrvlate and methacrylate
groups with amines and thiols. The dendrimers may nchude secondary or tertiary amines and

thicethers formed by the reaction of an acrvlate group with a primary or secondary anune and

(]

a methacrylate with a mercapto group. Additionally, the repeating vnits of the dendrimers may
contain groups which are degradabic under physiological conditions. In some embodiments,
these repeating units may contain onc or more germinal dicthers, esters, amides, or disulfides
groups. In some embodiments, the core molecule s a monoamine which allows dendritic
polymerization i only one direction. In other embodiments, the core molecule 15 a polyamme
10 with mubtiple different dendritic branches which cach may comprise ong or more repeating
units. The dendrimer may be formed by removing one or more hvdrogen atoms from this core.
In some embodiments, these hyvdrogen atoms are on a heteroatom such as a nitrogen atom. In
some cmbodiments, the terminating group is a kpophilic groups such as a long chain alkyl or
alkenvl group. in other embodiments, the terminating group is a long chain haloalkyl or
15 haloalkenyl group. In other embodiments, the terminating group 1s an aliphatic or aromatic
group containing an ionizable group such as an amine (~NHz} or a carboxylic acid (~CQ:H).
In still other embodiments, the terminating group is an aliphatic or aromatic group containing

one or more hydrogen bond donors such as a hydroxide group, an amide group, or an ester.

{00127] The cationic ionizable lipids of the present disclosure may contain one or

20 more asvimmetrically-substituted carbon or nitrogen atoms, and may be isolated n optically
active or racemic form. Thus, all chiral, diastereomeric, racemic form, epimeric form, and all
geometric isomeric forms of a chemical fommula are intended, unless the specific
stereochemistry or isomeric form is specifically indicated. Cationic ionizable lipids may occur

as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and individual

25 diastercomers. In some cmbodiments, a single diastercomer is obtained. The chiral centers of
the cationic ionizable lipids of the present disclosure can have the 5 or the R configuration.
Furthermore, it1s contemplated that one or more of the cationic 1onizable hipids may be present

as constitutional isomers. In some embodiments, the compounds have the same formula but
different connectivity to the mitrogen atoms of the core. Without wishing to be bound by any

30 theory, 1t is belicved that such cationic onizable lipids exist because the starting monomers
react first with the primary amines and then statistically with any secondary amines present.
Thus, the constitutional isomers may present the fully reacted primary anmines and then a

mixture of reacted secondary amines.

L
(]
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[00128] Chemical formulas used to represent cationic onizable hipids of the present
disclosure will typically only show one of possibly several different tautomers. For example,
many types of ketone groups are known to exist in equilibrium with corresponding cnol groups.
Similarly, many types of imine groups exist in equilibrium with enamine groups. Regardless
of which tautomer is depicted for a given formula, and regardless of which one i3 most

prevalent, all tautomers of a given chemical formula are mtended.

{00129] The cationic iomizable lipids of the present disclosure may also have the
advantage that they mayv be more efficacious than, be less toxic than, be longer acting than, be
more potent than, produce fewer side effects than, be more easily absorbed than, and/or have a
better pharmacokinetic profile (e.g , ligher oral bicavailability and/or lower clearance) than,
and/or have other useful pharmacological, physical, or chemical properties over, compounds

known i the prior art, whether for use m the mdications stated herein or otherwise.

{00130] In addition, atoms making up the cationic ionizable lipids of the present
disclosure are intended to include all isotopic forms of such atoms. Isotopes, as used herein,
melude those atoms having the same atomic number but different mass numbers. By way of
general example and without limitation, isotopes of hydrogen mchude tritium and deuterium,

and isotopes of carbon include PC and “C.

{00131] It should be recognized that the particular anion or cation forming a part of
any salt form of a cationic wonizable lipids provided herein is not eritical, so long as the salt, as
awhole, 1s pharmacologically acceptable. Additional examples of pharmaceutically acceptable
salts and their methods of preparation and use are presented in Handbook of Pharmaceutical

Salis: Properties, and Use (2002), which is incorporated herein by reference.

{80132] In some embodiments, the ionizable cationic lipid is present in an amount
from about from abowt 20 to about 23, In some crbodiments, the molar percentage is from
about 20, 205, 21, 21.3, 22, 225, to about 23 or any range derivable theremn. In other
embodiments, the molar percentage 1s from aboat 7.5 to about 20. In some embodiments, the
molar percentage s from about 7.5, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, to about 20 or

any range derivable therein.

(]
e
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C. SELECTIVE ORGAN TARGETING (SORT) COMPOUND

[00133]  Insome aspects, the present disclosare comprise one or more selective organ
targeting (SORT) compound which leads to the sclective delivery of the composition o a
particular organ. This compound may be a lipid, a small molecule therapeutic agent, a sugar,

a vitamin, of a protein.

[00134] In some embodiments, the selective organ targeting (SORT) compound 1s
present in the composition in a molar ratio from about 2%, 4%, 5%, 10%, 15%, 20%, 22%,
24%, 26%, 28%, 30%, 32%, 34%, 36%., 38%, 40%, 45%, 50%, 55%, 60%, 65%, to about 70%,
or any range derivable therein. In some emboduments, the SORT compound may be present
an amount from about 3% to about 40%, from about 10% to about 40%, from about 20% to

about 35%, from about 25% to about 353%, or from about 28% to about 34%.

[00135]  In some embodiments, the SORT compound may be a lipid. A lipidisa
small molecule with two or more alkyl or alkenvl chains of Ce-Caa. A small molecule
therapeutic agent is a compound containing less than 100 non-hydrogen atoms and a weight of
less than 2,000 Daltons. A sugar is a molecule comprising a molecular formula CalonCh,
wherein 1 is from 3 to 7 or a combination of multiple molecules of that formula. A protein is
a sequence of amino acids comprising at least 3 amino acid residues. Proteins without a formal
tertiary structure may also be referred to as a peptide. The protein may also comprise an intact
protein with a tertiary structure. A vitamin is a macronutrient and consists of one or more
compounds selected from Vitamin A, Vitamin B;, Vitamin B2, Vitanun Bi, Vitamin Bs,
Vitamin Bs, Vitamin By, Vitamin Be, Vitamin B, Vitamin €, Vitanun D, Vitamin E, and

Vitamin K.

L PERMANENTLY CATIONIC LIPID

{00136] In some aspects, the present disclosure provides one or more lipids with one
or more hydrophobic components and a permancntly cationic group. The permancutly cationic
lipid may contain an group which has a positive charge regardiess of the pH. One permanently
cationic group that may be used in the permanently cationic lipid ts a quaternary ammonium
group. These permanently cationic lipids include such structures as those described in the

formula below:

(]
~J
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Y1/\j/\‘{3

Y2 o op, .
P {I-PCL)
wherem;

Y1, Y2, or Y3 are cach independently X:C(O)R: or XoN"RsR4Rs; provided at least one
of Y1, Y2, and Y5 158 XoN"R3R4Rs;

Ry is C1-Caq alkyl, C1-Caq substitated alkyl, Ci-Caq alkenyl, C1-Cas substituted
alkenyl;

X115 O or NRa, wherein Rais hvdrogen, Ci-Ca alkyi, or C1-Ca substituted alkyl;
X2 18 Ci-Cs alkanedivl or C1-Cs substituted alkanedivi;

Rs, R4, and Rs are each imdependently Ci-Caa alkyl, Ci-Caa substituted atkyl, C1-
"2 alkenyl, Ci-Cos substituted alkenyl,

Ay is an anion with a charge equal to the number of XoN"R3R4Rs groups in the
compound.
{00137]  In another embodiment, the permanently cationic lipid is further defined by
the formula:
Fzg\f+;26 A

N., Az

Rs ™" (II-PCL)
wherein:
Rs-Ro are cach mdependently Ci-Cas alkyl, C1-Cos substituted alkyl, C1-Cas
atkenyl, Ci-Cas substituted alkenvl; provided at least one of Re-Rois 2
group of Cs-Caa; and

Az 15 a monovalent anton.

[00138] In another embodiments, the permanently cationic lipid 1s further defined

by the formula;

)Of\ e ¥ Ry"
e R N L 3"
R O -R N
//“\\T/,’\\{J 23 é% Fea
Cu O 4 3
Yo A
R {(-PCL)

wherein;

Ri and Rz are each independently alkylics-czay, alkenvles-caey, or a substituted version
of etther group;

Ln
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Ra, Ry, and Rs" are each independently alkvlcse or substituted alkylce;

Ru is alkvlicss) or substituted alkylcss) and

X7 is a monovalent anion.

{00139  In some embodiments, the permanently cationic lipid is present in an
amount from about 4 to about 16 molar percentage of the total lipid composition. The
composition may contain from about 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 molar percentage,
or any range derivable therein. In other embodiments, the composition may comprise from
about 18 to about 66 molar percentage of the total lipid composition. In some embodiments,
the compositions may contain from about 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,

46, 48, 50, 52, 34, 56, 58, 60, 62, 64, or 66 molar percentage, or any range derivable therein.

2. PERMANENTLY ANIONIC LIPID

{00140]  In some aspects, the present disclosure provides one or more lipids with one
or more hvdrophobic components and a permanently anionic group. One antonic group that
may be used 1 the permanently anionic lipid is a phosphate group. The phosphate group may
be a compound which is deprotonated and possesses a negative charge at a pH below §, 9, 10,
11, 12, 13 or 14. The hydrophobic components may be one or more Ce-Cua alkvl or alkenyl
groups. The compound may have one hydrophobic group, two hydrophobic groups, or three

hydrophobic groups.

[00141]  In some embodiments, the permanently anionic lipid has a structure of the

formula;
O
,/EJ\ Qp -0
Ry O/\\(/\Q’ S
Ou L /
Yo R
R (1)
wherein:

Ri and R2 are cach independently alkvles-cae, alkenylcs-czey, or a substituted version
of either group;

Rz 1s hvdrogen, alkvlcws), or substituted alkylcss, or —Y1—Ra, wherein:
Y1 13 atkanedivicss or substituted alkanedivico<s; and

R4 is acyloxywe24 or substituted acyloxycssas.

W
O
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3. PHOSPHOTIDYLCHOLINE
[00142]  In some aspects, the present disclosure provides one or more lipids with one
or more hvdrophobic components, a cationic amine group, and a negatively charged phosphate

group. The cationic amine group may be a quaternary aming with three methyl groups attached

(v

to the nitrogen atom. The hydrophobic components may be one or more Us-Cas alkyl or alkenyl

groups. The compound may have one hvdrophobic group, two hydrophobic groups, or three

hydrophobic groups. In some embodiments, the phophotidylchohne compound 1s further
yarop group phop 3 i

defined as:

/E 3 X
0\ C} + ]
RN N »Rg

Ry o R N
/‘Y\O \O aﬂR l

Ry {(1A)
10 wheremn:

R and Rz arc cach independently alkvies.cza, alkenylcs-czay, o1 2 substituted version
of either group;

Rs, Ra/, and Rs"” are cach independently alkvicss) or substituted alkylicw; and

X~ is amonovalent anion.
15  D. ADDITIONAL LIPIDS IN THE LIPID NANOPARTICLES

{00143] In some aspecis of the present disclosure, compositions containing one or
more hipids are mixed with the cationic ionizable lipids to create a composition. In some
embodiments, the cationic iomizable hpids are mixed with 1, 2, 3, 4, or 5 different types of
lipids. It is contemplated that the cationic ionizable lipids can be mixed with multiple different

20 hipids of a single type. In some cmbodiments, the cationic tomizable lipids compositions

comprise at least a steroid or a steroid derivative, a PEG lipid, and a phospholipid.

{00144] In some embodiments, the hipid nanoparticles are preterentially delivered to
atarget organ. In some embodiments, the target organ s selected from the lungs, the heart, the
brain, the spleen, the bone marrow, the bones, the skeletal muscles, the stomach, the small

25 intesting, the large intestine, the kidneys, the bladder, the breast, the liver, the testes, the ovaries,
the uterus, the spleen, the thvmus, the brainstem, the cercbellum, the spinal cord, the eve, the
gar, the tongue, or the skin. Alternatively, the composition may be preferentially delivered to

a target organ system such as the nervous system, the cardiovascular system, or the respiratory
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system or a part of one of these organ system. As used herein, the term “preferentially
delivered” is used to refor to a composition which is delivered to the target organ or organ
system in at feast 23% of the amount administered. This term 1s used to refer to a composition

m whach at least 23%, 509, or at least 75% of the amount administered.

i Sreroids and Sieroid Derivaiives

[00145]  In some aspects of the present disclosure, the cationic 1ionizable hipids are
mixed with one or more steroid or a sterocid derivative o create a composition. In some
embodiments, the steroid or steroid derivative comprises any steroid or sterowd derivative. As
used herem, in some embodiments, the term “steroid” 1s a class of compounds with a four ning
17 carbon cyclic structure which can further comprises one or more substitutions including
atkyl groups, alkoxy groups, hydroxy groups, oxo groups, acyl groups, or a double bond
between two or more carbon atoms. 1n ong aspect, the ning structure of a steroid comprises

three fused cyclohexyl rings and a fused cyclopenty! ring as shown in the formula below:

In some embodiments, a steroid dertvative comprises the ring structure above with one or more
non-alkyl substitutions. In somc embodiments, the steroid or steroid dervative is a sterol

wherein the formula is further defined as:

HO
{00146] In some cmbodiments of the present disclosure, the sterowd or steroid
derivative 1s a cholestane or cholestane derivative. In a cholestane, the ring structure is further

defined by the formula:
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As described above, a cholestane derivative includes one or more non-alky! substitution of the
above ring system. In some embodiments, the cholestane or cholestane denvative 13 a
cholestene or cholestene denvative or a sterol or a sterol derivative. In other embodiments, the
cholestane or cholestane derivative 1s both a cholestere and a sterol or a derivative thereof.
[00147] In some embodiments, the compositions may further comprise a molar
percentage of the steroid 1o the total lipid composttion from about 40 tc about 46, In some
embodiments, the molar percentage is from about 40, 41, 42, 43, 44, 45, to about 46 or any
range derivable therein. In other embodiments, the molar percentage of the steroid relative to
the total lipid composition 18 from about 15 to about 40. In some embodiments, the molar
percentage is 15, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or 40, or any range derivable

therein.

2. PEG or PEGylated lipid

[00148] In some aspects of the present disclosure, the polymers are mixed with ong
or more PEGvlated lipids {or PEG lipid) to create a lipid composition. In some embodiments,
the present disclosure comprises using any lipid to which a PEG group has been attached. In
some embodiments, the PEG lipid 1s a diglveeride which also comprises a PEG chain attached
to the glveerol group. In other embodiments, the PEG lipid is a compound which contains one
or more C6-C24 long chain alkyl or alkenyl group or a C6-C24 fatty acid group attached 1o a
hinker group with a PEG chain. Some non-himiting examples of a PEG lipid includes a PEG
modified phosphatidylethanclamine and phosphatidic acid, a PEG ceramide conjugated, PEG
modified dialkviamines and PEG modified 1.2-diacvioxypropan-3-amines, PEG modified
diacylglveerols and  dialkyiglvcerols. In some embodiments, PEG moditied
diastearoylphosphatidviethanolamine or PEG modified dimyristoyl-sp-glveerol.  In some
embodiments, the PEG modification is measured by the molecular weight of PEG component
of the lipid. In some embodiments, the PEG modification has a molecular weight from abowt
100 to about 15,000, In some embodiments, the molecular weight is from about 200 to about
500, from about 400 to about 5,000, from about 500 to about 3,000, or from about 1,200 to
about 3,000, The molecular weight of the PEG modification is from about 100, 200, 400, 500,
600, 800, 1,000, 1.250, 1,500, 1.750, 2,000, 2,250, 2,300, 2,750, 3,000, 3,500, 4,000, 4,500,
5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 12,500, to about 15,000, Some non-hnuting
examples of lipids that may be used in the present disclosure are taught by U.S. Patent
5,820,873, WO 2010/141069, or U5, Patent 8450298, which is incorporated hergin by

reference.
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{00149]  In another aspect, the PEG lipid has the formula:

o

wherein: Ry and Rys are cach independently alkylicoq, alkenyiesoq, or a substituted version
of cither of these groups; Re 1s hydrogen, alkvlcss), or substituted alkylcws); and x5 1-250. In
some cmbodiments, Re 15 alkvlcs) such as methyl Ri2 and Ris are cach mmdependently
atkyvlcazo. In some embodiments, x i . In onc embodiment, x 15 5-125 or xis 100-250.
In some embodiments, the PEG lipid 15 1,2-dimvustovi-si-giveerol, methoxypolyethylene
glveol.

[00150]  In another aspect, the PEG lipid has the formula;

Q /\/Q'
/\)\0 ©
o \/>
-~ ‘(\//\O,\/\/v\; /'r" \’”\
i
/ TN
n3

wherem: n1 18 an integer between § and 100 and 1z and ns are cach independently selected from
an integer between 1 and 29, In some embodiments, ny ig 5, 10, 15, 20, 25, 30, 31, 32, 33, 34,
35,36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49,50, 33, 60, 65, 70, 75, 80, 83, 90, 95,
or 100, or anv range dertvable therein. In some cmbodiments, n: 18 from about 30 to about 50.
In some embodmments, nz 18 from S to 23, In some embodiments, nz 1s 11 to about 17, In some

embodiments, ns is from 5 to 23, In some embodiments, 13 1s 11 to about 17.

[00151]  In some embodiments, the compositions may further comprise a molar
percentage of the PEG hipid to the total lpid composition from about 4.0 to about 4.6, Insome
embodiments, the molar percentage is from about 4.0, 4.1, 4.2, 43,44, 4.5, to about 4.6 or any

range derivable therein. In other embodiments, the molar percentage 1s from about .5 to about

L

4.0. In some embodiments, the molar percentage is from about 1.5, 1.75,2,2.25, 2.5, 275,

3.25, 3.5, 3.75, to about 4.0 or any range derivable therein.
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3. FPhospholipid

{00152]  In some aspects of the present disclosure, the polymers are mixed with one
or more phospholipids to create a composition. In some cnbodunents, any lipid which also

comprises a phosphate group. In some embodiments, the phospholipid is a structure which

(v

contains ong or two long chain C6-L24 alkyl or alkenyl groups, a glveerol or a sphingosine,
one or two phosphate groups, and, optionally, a small organic molecule. In some erabodiments,
the small organic molecule 15 an amino acid, a sugar, or an amino substituted alkoxy group,
such as choline or ethanclamine. In some embodiments, the phospholipid 18 a
phosphatidyicholine. In some embodiments, the phospholipid is distearoviphosphatidyicholine

10 or dioleoylphosphatidvicthanolamine.

{00153] In some embodiments, the compositions may further comprise a molar
percentage of the phospholipid to the total hipid composition from about 20 to about 23. In
some embodiments, the molar percentage is from about 20, 20.5, 21, 21.5, 2222 5, to about
23 or any range dernivable therein. In other embodiments, the molar percentage is from about

15 7.5 1o about 20. In some embodiments, the molar percentage 1s from about 7.5, 8, 9, 10, 11,

12,13, 14, 15, 16, 17, 18, 19, to about 20 or any range derivable therein.

E. THERAPEUTIC AGENTS
i Nucleic acids

{00154] In some aspects of the present disclosure, the lipid compositions comprise

20 one or more nucleic acids. In some embodiments, the lipid composition comprises one or more
nucleic acids present in a weight ratio to the hipid composition from about 5:1 to about 1:100.

In some embodiments, the weight ratic of nucleic acid to lipid composition is from about 5:1,

250, 1L 15, 110, 1005, 1:20, 1225, 1:30, 1:35, 1:40, 1:45, 1:50, 1:60, 1:70, 1:80, 1:90, or
1:100, or any range derivable therein. In some embodiments, the weight ratio is about 1:40.

25 In addition, it should be clear that the present disclosure is not imited to the specific nucleic
acids disclosed herein. The present disclosure is not limited in scope to any particular source,
sequence, or type of nucleic acid, however, as one of ordinary skill m the art could readily
wentify related homologs in varicus other sources of the nucleic acid including nucleic acids

from non-human species (e.g., mouse, rat, rabbit, dog, monkey, gibbon, chimp, ape, baboon,

30 cow, pig. horse, sheep, cat and other species). [t is contemplated that the mucleic acid used in
the present disclosure can comprises a sequence based upon a naturallyv-occurring sequence.

Allowing for the degeneracy of the genetic code, sequences that have at least about 50%,
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usually at least about 60%, more usually about 70%, most usually about 80%, preferably at
least about 90% and most preferably about 95% of nucleotides that are identical to the
nucleotide sequence of the naturally-occurring sequence. In another embodiment, the nucleic
acid 1s a complementary sequence to a naturally occurmnng sequence, or complementary to 759,
80%, 83%, 90%, 95% and 100%. Longer polynuclectides encoding 250, 500, 1000, 1212,

1500, 2000, 2500, 3000 or longer are conteraplated herein.

(]

[00155] The nucleic acid used herein may be derived from genomic DBNA| je. |
cloned directly from the genome of a particular organism. In preferred embodiments, however,
the nucleic acid would comprise complementary DNA {(cDNA). Also contemplated 15 a cDNA

10 plus a natural intron or an intron derived from another gene; such engineered molecules are
sometime referred to as "mini-genes.” At a minimum, these and other nucleic acids of the
present disclosure may be used as molecular weight standards in, for example, gel
clectrophoresis.

{00156] The teom "¢cDNA” 135 intended to refer to DNA propared using messcouger

5 RNA (mRNA) as template. The advantage of using a cDNA, as opposed to genomic BNA or
DNA polymerized from a genomic, non- or partially-processed RNA template, is that the
cDNA primarily contains coding sequences of the corresponding protein. There may be times
when the full or partial genomic sequence is preferred, such as where the non-coding regions
are required for optimal expression or where non-coding regions such as introns are to be

20 targeted in an antiscnse strategy.

[00157]  In some embodiments, the nucleic acid comprises one or more antisense
segments which inhibits expression of a gene or gene product. Antisense methodology takes

1

advantage of the fact that nucleic acids tend to pair with "complementary” sequences. By

complementary, it 1s meant that polynucleotides are those which are capable of base-pairing

N
(4

according to the standard Watson-Crick complementarity rules. That is, the larger purines will
base pair with the smaller pyrinmidines to form combinations of guanine patred with cviosing
{(3:C} and adenine paired with either thymune (AT} in the case of DNA, or adenine paired with
uracil (A:U) m the case of RNA. Inclusion of less common bases such as mosine, 5-
methyleytosine, 6-methyladenine, hypoxanthine and others in hvbridizing sequences does not

30 ioterfere with pairing.
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{00158] Targeting double-stranded (ds) DNA with polvnucleotides leads to tnple-
helix formation; targeting RNA will lead to double-helix formation. Antisense polynucleotides,
when introduced into a target cell, specifically bind to their target polvoncleotide and interfere

with transcription, RNA processing, transport, translation and/or stability. Antisense RNA

(]

constructs, or DNA encoding such antisense RNA's, mayv be emploved to inhibit gene
transcription or translation or both within a host cell, either in vifro or in vivo, such as within a

host animal, including a human subject.

{00159]  Antisense constructs may be designed to bind to the promoter and other

control regions, exons, ntrons or even exon-miron boundaries of a gene. 1t is contemplated

10 that the most effective antisense constructs will inchude regions complementary to intron/exon
splice junctions. Thus, it is proposed that a preferred embodiment includes an antisense
construct with complementarity to regions within 30-200 bases of an intron-exon splice
junction. It has been observed that some exon sequences can be mcluded in the construct

without seriously affecting the target selectivity thereof The amount of exonic material

[
(v

mehuded will vary depending on the particular exon and mtron sequences used. One can readily
test whether too much exon DNA is included simplv by testing the constructs in vifro 10
determine whether normal cellular function is affected or whether the expression of related

genes having complementary sequences is affected.

[00160] As stated above, "complementary” or “antisense” means polvnucleotide

20 sequences that are substantially complementary over their entire length and have very fow base
mismatches. For example, sequences of fificen bases in length may be termed complementary

when they have complementary nucleotides at thirieen or fourteen positions. Naturally,
sequences which are completely complementary will be sequences which are entirely
complementary throughout their entire length and have no base mismatches. Other sequences

25 with lower degrees of homology also are contemplated. For example, an antisense construct
which has limited regions of high homology, but also contains a non-homologous region {e.g.,
ribozyme; sce below) could be designed. These molecules, though having less than 50%

homology, would bind to target sequences under appropriate conditions.

30 2. Modified Nucleohases

{00161] In some embodiments, the nucleic acids of the present disclosure comprise

one or more modified nucleosides comprising a modified sugar moiety. Such compounds
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comprising one or more sugar-modified nucleosides may have desirable properties, such as
enhanced nuclease stability or increased binding affinity with a target nuclete acid relative to
an oligonucleotide comprising only nucleosides comprising naturally occurring sugar moicties.

In some embodiments, modified sugar moicties are substituted sugar moieties. In some

(]

embodiments, modified sugar moieties are sugar surrogates. Such sugar surrogates may

comprise ong or more substitutions corresponding to those of substituted sugar moicties.

[00162] In some embodiments, modified sugar moteties are substituted sugar
maoicties comprising one or motce non-bridging sugar substituent, including but not limited to
substituents at the 2' and/or 5' positions. Examples of sugar substituents suitable for the 2'-

10 position, mchide, but are not hmited to: 2-F, 2-0CHz ("OMg" or "O-methyl"™), and 2'-
C(CHapOCH; ("MOE"). In certain embodiments, sugar substituents at the 2' posttion is
selected from allyl, ammo, azido, thio, U-allvl, 0--Ci-Cio alkyl, O--Ci-Cio substituted alkvl;
OCF;, O(CHzRSCHs, O(CH~-0--NRm3{(Rao), and O--CH--C(E=0)--N(RmMRn), where

cach Rm and Rn 13, independently, H or sebstitated or snsubstibited C1-Cio alkyl. Examples of

ot
(v

sugar substituents at the 5'-position, include, but are not limited to: 3'-methvl {R or §); 5-vinyl,
and 5'-methoxv. In some embodiments, substituted sugars comprise more than one non-
bridging sugar substituent, for example, T-F-5'-methyl sugar moicties (see, e.g., PCT
International Application W0 2008/101157, for additional 5°,2'-bis substituted sugar moicties

and nucleosides).

20 {80163] Nucleosides comprising 2'-substituted sugar moieties are reforred to as 2'-
substituted nucleosides. In some embodiments, a 2'-substituted nucleoside comprises a 2'-
substituent group selected from halo, allyl, amino, azido, SH, CN, OCN, CF;, OCFs1, O, 8, or
MN{Rm}-alkyl, O, 5, or N(Bu-alkenvl 8, § or N{Ru)-alkyayl O-alkylenyi-G-alkyl, alkynyl
atkarvl, aralkyl, O-alkaryl, O-aralkyl, O{CH2).5CH;, O(CH2)--O--N{Bu)(Rn) or O--CHa--

25 C(=0)--N(Rm}{Ra), where each Ru and Ra 18, independently, H, an amino protecting group or
substituted or unsubstituted C1-Cio alkyl. These 2'-substituent groups can be further substituted
with one or morg substituent groups independently selected from hydroxyl, aming, alkoxy,
carboxy, benzyi, phenvl, nitro (NO2), thiol, thioalkoxy (S-alkyl), halogen, alkyl, arvl, alkeny!

and alkvnyl.

30 {00164]  Insome embodiments, a 2'~-substituted nucleoside comprises a 2'-substituent
group selected from ¥, NHa, N3, OCF;, O--CH;, O(CHz:NHz, CHy—CH=CH;, O--CHy—
CH=CHa, OCHCH:OCH;, O{CH2SCHs, O-~{CHz)2--0--N{Rm)}{Ra).
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cach Rm and Ry s, independently, H, an amino protecting group or substituted or unsubstituted

Ci-Cie atkyl

[00165]  In some embodiments, 3 2-substituted nucleoside comprises a sugar moigty
comprising a 2'-substituent group selected from F, OCFs;, O--CHs, OCH.CHOCH;,
O(CH2SCHs, O(CH2)2--O--N(CHs)a, —O(CH2pO(CHN{CHa ), and  O--CHo--C(=0)-~
NHYCHa.

[00166] In some embodiments, a 2 -substituted nucleoside comprises a sugar moiety

comprising a 2'-substituent group selected from F, 0--CHs, and OCH2CHOCHs.

[00167] Certain modified sugar moitetics comprise a bridging sugar substituent that
forms a second ring resulting in a bicyclic sugar moiety. In some such embodiments, the
bicyclic sugar moiety comprises a bridge between the 4' and the 2' furanose ring atoms.
Examples ot such 4' to 2' sugar substituents, include, but are not hmited to; ~-[C{Ra}{Ro) ju--~, --
FC(RaRu) -0, ~~C{RaRp)--N{R}-~ O o1, ~LC{RaRp)--O--N{R}~-; 4'-CHz-2', 4'-(CHap-2', 4'-
(CHz)—-0-2' (LNA), 4-(CH2)--S-2", 4'-«(CHopo--0-2" (ENAY; 4'-CH(CH3}--0-2" (cEt) and 4'-
CH{CH:OCH3--0-2'", and analogs thereof (see, e g, US Patent 7,399,845, 4'-C{CH{CHs)~
-(3-2' and analogs thereof, {see, e.g., WO 2009/006478), 4'-CHy--N{OCH3}-2' and analogs
thereof (see, e.g, WO2008/150729), 4'-CHx--0--N{CH33-2' (s¢e, eg. USZ2004/0171570,
published Sep. 2, 2004}, 4'-CHy--0--N(R}-2', and 4'-CHy~-N{R)--0-2'-, wherein cach R s,
mdependently, H, a protecting group, or C1-Cuz alkvi; 4'-CHa--N(R}--0-2', wherein Ris H, -
Ciz alkyl, or a protecting group (see, U.S. Patent. 7,427,672}, 4'-CHy~-C{H}CH3})-2' {(sce, e.g.,
Chattopadhvavaeral., §. Org. Chem,, 2009, 74, 118-134); and 4'-CH--C(=CH2}-2' and analogs
thercof (ace, PCT International Application WO 2008/154401).

{00168]  In some embodiments, such 4 to 2' bridges independently comprise from 1
to 4 linked groups independently selected from ~[C{Ra}{Rod o, ~~C{Ra)=C{Re}--, ~C{Ra)=N-
u, e C{E=NRae, - C(=0)-, - C(=8)ee, w20, <81 Rajoe-, S(=0)x, and --N{Ra}--; wherein:

x180, 1, or2;

nish 2.3, 0r4;

cach Ra and Rs is, independenily, H, a protecting group, hydroxyl, Ci1-Ciz alkyl,
substituted Ci~Crz alkyl, C2-Cr2 alkenyl, substituted C2-Cirz alkenvl, Co-Ciz alkynyl,

substituted Co-Crz alkyayl, Cs-Coe aryl, substituted Cs-Cao aryl, heterocycle radical,
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substituted heterocvele radical, hetercaryl, substituted heteroaryl, Cs-Cr alicyclic

radical, substituted Cs-Cr alicyclic radical, halogen, 05, NJiJ2, Sh, N3, COO6L, acyl

{C(=0)--H), substituted acyl, CN, sulfonyl (8(=0):-11}, or sulfoxyl (S(=0}-§1); and
cach Ii and 2 15, mdependently, H, Ci-Ciz alkyl, substituted Ci-Ciz alkyl, Cz-

(]

Ci2 alkenyl, substituted Co-Ciz alkenyl, Co-Crz alkyayl, substituted Cr-Ciz alkynyl, Cs-
Cao arvl, substituted Cs-Cao arvl, acyl (C(=0}--H), sobstitited acyl. a hetercoycle
radical, a substituted heterocycle radical, Ci-Crz aminoalkyl, substituted C1-Ciz
aminoalkvl, or a protecting group.
[00169] Nucleosides comprising bicyclic sugar moieties are referred to as bicyclic
10 nucleosides or BNAs. Bicvclic nucleosides mclude, but are not limited to, (A) o-L-
Methviencoxy (4'-CHz--03-2% BNA, (B} B-D-Meathvieneoxy (4'-CHz--0-2" BNA {also referred
to as locked nucleic acid or LNA), (C) Ethvlencoxy (4'-(CH2)e--0-2") BNA, (D) Aminooxy (4'~
CHo--O--N(R)-2Y  BNA, (H}  Oxyamuno  {(4-CH:--N{(R)}--G-2"y BNA, ({F)
Methyvl(methylencoxy} (4'-CH(CH:)--03-2") BNA (also referred to as coustraimed cthyl or cEf),
15 {G) methvlene-thio (4-CHz--5-2 BNA, (H) methvienc-amino {(4'-CHZ-N(R)-2"} BNA, ()
methy! carboeyclic (4'-CHz-CH{CH;)-2% BNA, (§) propvlene carbocyclic (4'-(CHz)3-2"y BNA,
and (K} Methoxy{ethvleneoxy) {(4'-CH{CH:OMg)-0-2"} BNA (also referred to as constrained
MOE or cMOE).

{00178]  Additional bicyclic sugar moietics are known in the art, for example: Singh

20 eral, Chem. Commun., 1998, 4, 455-456; Koshkin ef o/, Tetrahedron, 1998, 534, 3607-3630;

Wahlestedt er o/, Proc. Natl. Acad. Sci. US A, 2000, 97, 5633-5638; Kumar ef al., Bicorg,

Med. Chem. Lett, 1998, 8, 2219-2222; Smgh o7 of., J. Org. Chem ., 1998, 63, 10035-10039;

Srivastava ef ., J. Am. Chem. Soc., 129{26) #362-8379 {Jul. 4, 2007); Elayadi ef af | Curr,

Opinion Invens. Drugs, 2001, 2, 5561, Braasch ef of., Chem. Biol,, 2001, 8, 1-7; Omum er al.,

25 Curr. Opinion Mol. Ther, 2001, 3, 239-243; 1.8, Patents 7,053,207, 6,268,490, 6,770,748,

6,794,499, 7034133, 6,525,191, 6,670,461, and 73993843, WO 2004/106356, WO

1994/14226, WO 2005/0215370, and WO 2007/134181; U.S. Patent Publication Nos. US

2004/0171570, US 2007/0287831, and US 2008/0039618; U.S. Serial Nos. 12/129,154,

6(/989.574, 61/026,993, 61/026,998, 61/056,564, 61/086,231, 61/097,787, and 61/099,844;

36 and PCT International Applications Nos. PCT/US2008/064591, PCT/US2008/066154, and
PCT/US2008/068922.
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{00171] In some embodiments, bicvclic sugar moieties and nucleosides
meorporating such bicyclic sugar moieties are further defined by isomeric configuration. For
cxample, a nuclecoside comprising a 4'-2' methvlenc-oxy bridge, may be 1n the .alpha.-L
configuration or in the beta -D configuration. Previously, a-L-methvlencoxy (4'-CHa--0-2"
bicyclic nucleosides have been mcorporated into antisense oligonucleotides that showed

antisense activity (Frieden ef o/, Nucleie Acids Research, 2003, 21, 6365-6372).

[00172]  In some embodiments, substituted sugar moietics cComprise One Or More
non-bridging sugar substituent and one or more bridging sugar substituent {e.g., 5'-substituted
and 4'-2" bridged sugars; PCT Interpational Application WO 2007/134181, wherein LNA is

substituted with, for example, a S-methyl or a 5'-vinyl group).

{01731 In some cmbodiments, modificd sugar moicties arc sugar surrogates. In
some such embodiments, the oxvgen atom of the naturally occurring sugar 1s substituted, e.g.,
with a sulfer, carbon or nitrogen atom. In some such embodiments, such modified sugar moiety
also comprises bridging and/or non-bridging substituents as described above. For example,
certain sugar surrogates comprise a 4'-sulfur atom and a substitution at the 2'-position {see, e.g.,
published U.S. Patent Application US 2003/0130923} and/or the 3" position. By way of
additional example, carbocyelic bicyclic nucleosides having a 4'-2' bridge have been described
{sce, e.g., Freier er al., Nucleic Acids Research, 1997, 25(22), 4429-4443 and Alback er al., k.

Org. Chem., 2006, 71, 7731-7740).

{00174]  Insome embodiments, sugar surrogates comprise rings having other than 5-
atoms. For example, in some embodiments, a sugar surrogate comprises a six-membered
tetrahvdropyvran. Sach tetrahydropyrans may be further modified or substituted. Nucleosides
cormprising such modified tetrabydropyrans include, but arc not limited to, hexitol nucleic acid
{(HNA), anitol nucleic acid (ANA}, manitol nucleic acid (MNA) (see Leumann, CJ. Bioorg. &
Med. Chem. (20023 10:841-854), and fluorc HNA (F-HNA}.

{00175]  In some embodiments, the modified THP nucleosides of Formula VH are
provided wherein g1, gz, g3, 94, G5, go and g7 are each H. In certain embodiments, at least one
of g1, G2, 43, G4, 5, s and g7 18 other than H. In some embodiments, at least one of qu, g2, 3,
g4, gs, g6 and g7 1s methyl. In some embodiments, THP nucleosides of Fornwula Vi are provided
wherein one of Ry and Ro1s F. In certain embodiments, Ry 1s fluoro and Rz is H, Ry is methoxy

and Rz is H, and R1 is methoxyethoxy and Rz is H.
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{00176] Manv other bicvelo and incyclo sugar surrogate ring systems are also
known m the art that can be used to modify noclegsides for incorporation into antisense
compounds {(se¢, e.g., review article: Leumann, J. C, Bioorganic & Medicinal Chemistry, 2002,

10, 841-854).

{00177]  Combinations of modifications are also provided without limttation, such as
2-F-5-methyl substituted nucleosides (see PCT Intemational Application WO 2008/101157
for other disclosed 3',2'-bis substituted nuclecsides} and replacement of the ribosyl ring oxygen
atom with S and further substitution at the Z'-position {sec U.S. Patent Publication US
2003/0130923) or alternatively $'-substitution of a bicvelic nucleic acid (see PCT Intemational
Application W0 2007/134181 whercin a 4'-CHz--0-2" bicyclic nucleoside is further substituted
at the 5' position with a 5-methyi or a 5'-vinyl group). The svnthesis and preparation of
carbocyclic bicyclic nucleosides along with their oligomenization and biochemical studies have

also been described (see, e.g., Snivastava ef af., 2007),

{00178] In somc cmbodiments, the present disclosure provides oligonucieotides
coraprising modified nucleosides. Those modified nucleotides may include modified sugars,
modified nucleobases, and/or modified linkages. The specific modifications are selected such
that the resulting oligonucleotides possess desirable charactenistics. In some embodiments,
oligonucleotides comprise one or more RNA-like nucleosides. In some embodiments,

oligonucleotides comprise one or more DNA-Like nucleotides.

[00179]  In some embodiments, nucleosides of the present disclosure comprise one
or more unmodified nmuclecobases. In certain embodiments, nucleosides of the present disclosure

comprise one or more modified nucicobases.

{00180] In some embodiments, modified nucleobases are selected from: universal
bases, hvdrophobic bases, promiscucus bases, size-expanded bases, and fluorinated bases as
defined herein. 3-substituted pyrimidines, 6-azapyrimidings and N-2, N-6 and (-6 substitute
purines, mcluding  Z-aminopropvladenine, S-propvnviuraci; S-propynvicviosine; S-
hvdroxymethyl cviosine, xanthine, bypoxanthine, Z-aminoadenine, 6-methyl and other alkyl
denivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and
guanine, 2-thiouracil, 2-thiothvmine and 2-thioeytosine, S-halouraci and cytosine, S-propynyl
CHs) wracil and ¢vtosine and other alkvayl derivatives of pyrimidine bases, 6-azo uracil,

cvtosing and thymine, S-uractl {(pseudouracil), 4-thiouracid, 8-halo. 8-amuino, 3-thiol, 8-
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thicalkyl, 8-hydroxvl and other &-substifuted adenines and guanines, S-halo particularly 3-
bromo, S-trifluoromethyvl and other 5-substituted uracils and cvtosines, 7-methyiguanine and
T-methyladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine and 8-azaadenine, 7-

deazaguamine and 7-deazaadenine, 3-deazaguanine and 3-deazaadenine, universal bases,

(]

hvdrophobic bases, promiscuous bases, size-expanded bases, and fluorinated bases as defined
herein. Further modified nucleobases include iricyclic pyrimidines such as phenoxazine
cytidine(]5,4-b}{1,4}benzoxazm-2{3H)-one), phenothiazine cytidine  (IH-pyrimido}3,4-
bi{ 1 .4|benzothiazm-2(3H}-one), G-clamps such as a substituted phenoxazine cytidine (e.g., 9-
{2-aminocthoxy)-H-pyrimido[5 4-13][1,4|benzoxazin-2(3H)-onc), carbazole cytidine (*H-
10 pynmidofd, 3-bindol-Z-one), pyodoindole  cyviidine  (H-pyrido|3',2"4 Slpyrrolof2,3-
dipyrinmidin-2-one). Modified nuclcobases may also include those in which the purine or
pyrimidine base is replaced with other heterocycles, for example 7-decaza-adenine, 7-
deazaguanosine, Z-aminopyiidine and 2-pyndone. Further nucleobases include those disclosed
m U.S. Patent 3,687 808, those disclosed in The Concise Encyvclopedia Of Polvmer Science
15 And Engimeering, Kroschwiiz, J. I, Ed., John Wiley & Sons, 1990, 858-839; those disclosed

by Englisch ef ¢/, 1991; and those disclosed by Sanghvi, Y. §., 1993.

[00181] Representative United States Patents that teach the preparation of certain of
the above noted modified nucleobases as well as other modified nucleobases include without
fimutation, U.S. Patents 3,687.808; 4,845,205, 5,130,302; 5,134,066, 5,175,273, 5,367,066,

20 5432272, 5,457,187, 5,459,255, 5,484,908, 5,502,177, 5,525,711, 5,552,540, 5587469,
5,594,121, 5,596,091, 5,614,617, 5,645,985, 5681,941; 5,750,692, 5,763,588, 5,830,653 and

6,005,096, each of which is herein incorporated by reference in its entirety.

[00182] In some embodiments, the present disclosure provides oligonuclectides

comprising linked nucleosides. In such embodiments, nucleosides may be linked together using

25 anvinternucleoside inkage. The two main classes of internucleoside linking groups are detined
by the presence or absence of a phosphorus atom. Representative phosphorus containing
mternucleoside hinkages include, but are not hmited to, phosphodiesters (P=(0),
phosphotricsters, methvipbosphonates, phosphoramidate, and phosphorothioates (P=S).
Representative non-phosphorus containing internucleoside linking groups include, but are not

30 Imnited to, methylenemethyhimino {--CHy-N{CH3}--0--CHz--}, thiodiester {(--O--C{Q}--S--},
thicnocarbamate  (--O--C(O¥NH)--8--);  siloxane  (—-0O--Si(H}--0O--);  and NN'-
dimethyihydrazine (-—-CHa--N{CH3)--N{CHs)~~). Modified linkages, compared to natural
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phosphodiester linkages, can be used to alter, typically increase, nuclease resistance of the
oligonuclegotide. In some embodiments, mternucleoside linkages having a chiral atom can be
prepared as a racemic mixture, or as scparate cnantiomers. Represcentative chiral hinkages
melude, but are not lmuted to, alkyviphosphonates and phosphorothioates. Methods of
preparation of phosphorous-containing and non-phosphorous-containing  mternucleoside

linkages are wel known to those skilled in the art.

[00183] The oligonuclestides described heremn contain one or more asymmetric
centers and thus give rise to cnantiomers, diastercomers, and other storeoisomeric
contigurations that may be defined, in terms of absolute stereochemistry, as (R} or (8), ¢ o1 B
such as for sugar anomers, or as (D} or (L) such as for amino acids etc. Included in the antisense
compounds provided herein are all such possible isomers, as well as their racemic and optically

pure forms.

[00184] Neotral mternucleoside  linkages  include  without  homtation,
phosphotriesters, methyiphosphonates, MMI (3-CHo--N{CH3)--0-5", amde-3 (3'-CHo--
CE=0)--N(H)-5Y, amide-4  (3-CHa--N(H}--C(=0)-5", formacetal (3'-0--CHz--0-5"), and
thioformacetal (3'-8--CHy--0-5"). Further neutral mtermucleoside linkages include nontonic
linkages comprising siloxanc (dialkvisiloxane), carboxvlate ester, carboxamide, sulfide,
sulfonate ester and amides (Sec for example: Carbohvdratc Modifications in Antisense
Research; Y. S. Sanghviand P. D. Cook, Eds., ACS Symposium Series 580; Chapters 3 and 4,
40-65}. Further neutral mternucleoside linkages include nonionic hinkages comprising mixed

N, &, S and CH: component parts.

[00185] Additional modifications may also be made at other positions on the
oligonucleotide, particularlv the 3' position of the sugar on the 3' terminal nucleotide and the 5
posttion of 3" terminal nucleotide. For example, one additional modification of the ligand
conjugated oligonucleotides of the present disclosure mvolves chemically linking to the
cligonuclectide one or more additional non-ligand moteties or conjugates which enhance the
activity, cellular distribution or cellular uptake of the oligonucleotide. Such moietics include
but are not limited 1o lipid moieties such as a cholesterol mowety (Letsinger et af., 1989), cholic
acid (Manoharan er af , 1994}, a thiocther, e.g., hexyl-5-tritylthiol (Manoharan ef af., 1992,
Mancharan ef al., 1993}, a thiocholesterol (Oberhauser er o/, 1992}, an aliphatic chain, e.g.,
dodecandiol or undecyl residues (Saison-Behmoaras er af, 1991; Kabanov ef af., 1990,

Svinarchuk ef af., 1993}, a phospholipid, e.g., di-hexadecyl-rac-glvcerol or tricthyvlammonium
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1,2-di-O-hexadecvl-rac-glycero-3-H-phosphonate (Manoharan er a/., 1995; Shea er al., 1990},
a polyamine or a polyethylene glyeol chain (Manoharan ef o/, 1995), or adamantane acetic
acid (Manoharan ef o/, 1993}, a palmityl moiety (Mishra er o/, 1995), or an octadecvlamine

ot hexylamino-carbonvi-oxycholesterol moiety {(Crooke ef af., 1996).

{00186] Representative United States patents that teach the preparation of such
ohgonucleotide conjugates include, but are not bimited to, U.S. Patenis 4,828,979, 4,948,882,
5,218,103, 3,525,465, 5541313, 5,545,730, 5,552,538, 5,578,717, 5,580,731, 5,580,731,
5.591.584; 5,109,124, 5,118,802; 5,138,045, 5,414,077. 5.486.603; 5,512,439, 5,578,718;
5,608,046, 4,587.044; 4,605,735, 4,667,025, 4,762,779, 4789737, 4,824,941, 4,835,263,
4.876,335; 4,904,582, 4,958,013, 5,082,830, 5,112,963; 5.214,136; 5,082,830, 5,112.963;
5214136, 5.245,022; 5254469, 5258506, 5,262,536, 5,272,250, 5292873; 5.317.098;
5,371,241, 53,391,723, 5416.203, 5451463, 5,510,475, 5,512,667. 5514,785; 5,565,552,
5,567,810; 5,574,142, 5,583,481, 5,587,371, 5,595,726; 3,597,696, 5,599,923, 5,599,928 and

5,688,941, each of which is herein incorporated by reference.

3 Proteins

{00187]  In some embodiments, the compositions may further comprise one or more
proteins. Some proteins may include enzymes such as nuclease enzymes. The compositions
described herein may comprise one or more CRISPR associated proteins {e.g. CRISPR
enzvme) including a Cas protein. Non-limiting examples of Cas proteins include Casl, CasiB,
Cas2, Cas3, Casd, Cas5, Casé, Cas7, Cas®, Cas? (also known as Csnl and Csx12), Casl0,
Csyl, Csv2, Csv3, Csel, Cse2, Csel, CseZ, Csal, Can2, Cam2, Csm3, Csm4d, Cam3, Csmo,
Cmrl, Cmr3, Cmrd, Cmrs, Cmr6, Csbl, Csb2, Csb3, Cox17, Cexi4, Csx10, Caxli6, CsaX,
Cax3, Coxd, Cox15, Csfl, Csf2, Csf3, Usfd, homologs thereof, or modified versions thereof
These enzymes are known; for example, the amino acid sequence of 8 pyogenes Cas9 protein

may be found in the SwissProt database under accession number 3997W2,

{00188] The protein n the composifions described herein may be Cas9 {e. g, from S
progenes or 8. preumorniay. The CRISPR enzyme can direct cleavage of one or both strands at
the location of a target sequence, such as within the target sequence and/or within the
coraplement of the target sequence. The CRISPR cnzyme may be mutated with respect to a
corresponding wild-type enzyme such that the mutated CRISPR enzyme lacks the ability to
cleave one or both strands of a target polynucleotide containing a target sequence. For example,
an aspartate-to-alanine substitution (D10A) in the RuvC [ catalvtic domain of Cas9 from &
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progenes converts Cas9 from a nuclease that cleaves both strands to a nickase (cleaves a single
strand}. In some embodiments, a Cas9 nickase may be used in combination with guide
sequence(s), e.g., two guide sequences, which target respectively sense and antisense strands
of the DNA target. This combination allows both strands to be nicked and used to induce NHE]
or HDR.

(]

{00189 In some embodiments, the present disclosure provides compounds

containing one or more therapeutic proteins. The therapeutic proteins that may be incloded n

the composition include a wide range of molecules such as cytokines, chemokines, interleukins,
mierferons, growth factors, coagulation factors, anti-coagulants, blood factors, bone

10 morphogenic proteins, immumogiobuling, and cnzymes. Some non-limiting examples of
particular therapeutic proteins include Ervthropoictin (EPQ), Granulocyte colony-stimulating
factor (G-CSF), Alpha-salactosidase A, Alpha-L-iduwronidase, Thyrotropin o, N-
acetylgalactosamine-4-sulfatase (thASB), Domase alfa, Tissue plasminogen activator {TPA)
Activase, Glucocerebrosidase, Interferon (3F) B-la, Interferon B-1b, Interferon v, Interferon o,

TNF-q, IL-1 through 1L-36, Human growth hormone ((HGH), Human inselin (BHE), Human

[
(v

chorionic gonadotropin o, Darbepoctin o, Follicle-stimulating hormone (FSH). and Factor

ViIL

4. Small Molecule Therapeutic Agents

[00198]  In some aspects, the present disclosure provides compositions comprising a

20 therapeutic agent.  The therapeutic agent may be a small molecule such as a 7-
Methoxyptenidine, 7-Methvipteridine, abacavir, abafungin, abarelix, acebutolol, acenaphthene,
acetaminophen, acetanihde, acetazolamide, acetchexamide, acetretin, acrivastine, adening,
adenosine, alatrofloxacin, albendazole, albuterol, alclofenac, aldesleukin, alemtuzumab,
alfuzosin, aliretinoin, allobarbital, allopurinol, all-transretincic acid (ATRA), aloxiprin,

25 alprazolam, alprenolol, altretamine, amifostine, amilonde, ammoglutethinude, aminopvrine,
amiodarone HCL, amutnptvline, amlodipine, amobarbital, amodiaguine, amoxapine,
amphetamine, amphotericin, amphotericin B, ampicillin, amprenavir, amsacrine, amylnitrate,
amylobarbitone, anastrozole, anrinone, anthracene, anthracyvchines, aprobarbital, arsenic
tnoxide, asparaginase, aspirin, astemizole, atenclol, atorvastatin, atovaquong, atrazing,

30 atropine, atroping azathioprine, auranotin, arzacitiding, azapropazone, azathioprine, azintamide,
azithromycin, aztreonum, baclofen, barbitone, BCG live, beclanmude, beclomethasone,

bendroflumethiazide, benezeprid, benidipine, benorylate, benperidol, bentazepam, benzamide,
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benzanthracene, benzathing penmiciling, benzhexol HCI, benzmdazole, benzodiazepines,
benzoic acid, bephenium hydroxynaphthoate, betamethasone, bevacizumab  (avastin},
bexarotene, bezafibrate, bicalutamide, bifonazole, biperiden, bisacodyl, bisantrene, bleomycin,
bleomyvein, bortezomib, brinzolamide, bromazepam, bromocriptine mesylate, brompendol,
brotizolam, budesonide, bumetanide, bupropion, busulfan, butalbital, butamben, butenafine
HCI, butobarbitone, butobarbitone (butethal), butoconazole, butoconazole nitrate,
butylparaben, caffeine, calcifediol, calciprotriene, calcitriol, calusterone, cambendazole,
camphor, camptothecin, camptothecin analogs, candesartan, capecitabine, capsaicin, captopril,
carbamazeping, carbimazole, carbofuran, carboplatin, carbromal, carimazole, carmusting,
cefamandole, cefazolin, cefixime, ceftazidime, cefuroxime axetil, celecoxib, cephradine,
cerivastatin,  cetrizine, cetuximab, chlorambucil, chloramphenicol, chlordiazepoxide,
chlormethiazole, chloroquine, chlorothiazide, chlorpheniramine, chlorproguanit  HCL
chlorpromazine,  chlorpropamide,  chlorprothixene,  chlorpyrifos,  chiortetracycling,
chlorthalidone, chlorzoxazone, cholecalciferol, chrvsene, cilostazol, cimetidine, cinnarizing,
cinoxacin, ciprofibrate, ciprofloxacin HCL, cisapride, cisplatin, citalopram, cladubine,
clanthromycin, clemastine fumarate, chioquinol, clobazam, clofarabing, clofazimine,
clofibrate, clomiphene citrate, clomipramine, <lonazepam, <olopidogrel, clotiazepam,
clotrimazole, clotrimazole, cloxacilling clozapine, cocaine, codeine, colchicine, colistin,
conjugated estrogens, corticosterone, cortisone, cortisone acetate, cvclizing, cyclobarbital,
cyclobenzapring, cyclobutane-spircbarbiturate, cycloethane-spirobarbiturate. ¢ycloheptane-
spirobarbiturate, cvelohexane-spirobarbiturate, cyclopentane-spirobarbiturate,
cvelophosphamide, cyclopropane-spirobarbiturate, cycioserine, cyclospornn, cyproheptading,
cvproheptadine HCL, cytarabine, cyiosine, dacarbazine, dactinomycin, danazol, danthron,
dantrolens sodium, dapsone, darbepoetin alfa, darcdipine, daunorubicim, decoquinate,
dehydroepiandrosterone, delavirdine, demeclocveline, dendeukin, deoxycorticosicrone,
desoxymethasone, desamethasone, dexamphetamine, dexchlorphenivamine, dexfenfluramine,
dexrazoxane, dextropropoxyphene, diamorphine, diatrizowcacid, diazepam, diazoxide,
dichlorophen, dichlorprop, diclofenac, dicumarcl, didanosine, diffunisal, digitoxan, digoxin,
dihydrocodeine, dihvdroeguilin, dihvdroergotamine mesvlate, duodohydroxyguinoling,
diltiazem HCL diloxamide furcate, dimenhydrinate, dimorpholamine, dinitolmide, diosgenin,
diphenoxylate HCL, dipbenyl dipyridamole, dirithromycin, disopyramide, disulfiram, diuron,
docetaxel, domperidone, donepezil, doxazosin, doxazosin HCl, doxorubicin {(neutral),
doxorubicin  HCI, doxycvcling, dromostanclone propionate, droperidol, dyvphviline,
echinocanding, econazole, econazole nitrate, efavirenz, ellipticing, enalapril, enlimomab,
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enoximone, epinephrine, epipodophyvllotoxin derivatives, epirubicin, epoetinalfa, eposartan,
cquilenin, equilin, crgocalciferol, ergotamine tartrate, crlotinib, erythromycin, estradiol,
estramustine, costriol, estrone, cthacrynic acid, cthambutol, cthinamate, cthionamide,
cthopropazing HCI, cthyl-4-aminobenzoate (benzocaine), cthylparaben, ethinyvlestradiol,
etodolac, etomidate, etoposide, etretinate, exemestane, felbamate, felodipine, fenbendazole,
fenbuconazcle, fenbufen, fenchlorphos, fenclofenac, fenfloramine, fenofibrate, fenoldepam,
fenoprofen calcium, fenoxyearb, fenpiclonil, fentanyl, fenticonazole, foxofenadine, filgrastim,
finasteride, flecamide acetate, floxundine, tludarabine, fluconazole, fluconazole, flucytosine,
fludioxonil, fludrocortisone, fludrocortisone acetate, flafenamic acid, flunanisone, flunarizine
H{L, flunisolide, flunitrazepam, fluocoriclone, fluometuron, fluorene, fluorouraci!, fluoxetine
HCL, fluoxymesterone, flupenthixol decanoate, fluphenthixol decanoate, flurazepam,
flurbiprofen, fluticasone propionate, fluvastatin, folic acid, fosenopril, fosphenytoin sodium,
frovatriptan, forcsemide, fulvestrant, furazclidone, gabapentin, G-BHC {Lindane}, gefitinib,
gemcitabine, gemfibrozil, gemtuzumab, glafemne, glibenclamide, gliclazide, glimepinide,
chipizide, glutethimide, glyburide, Glyeervitnnitrate {(mitroglveerin), goserelin  acetate,
grepafloxacin, griseofulvin, guaifenesin, guanabenz acetate, guanine, halofantrine HCL
haloperidol, hydrochlorothiazide, heptabarbital, heroin, hesperetin, hexachlorebenzene,
hexethal, histrelin acctate, bvdrocortisone, hydroflumethiazide, hvdroxvurea, hyoscyaminge,
hvpoxanthine, ibritumomab, ibuprofen, idarubicin, idobutal, fosfamide, thvdroequilenin,
mnatinib mesviate, imipenem, indapamide, indinavir, indomethacin, indoprofen, mterferon
alfa-2a, werferon alfa-2b, iodamide, iopancic acid, iprodione, irbesartan, irinotecan,
isavuconazole, isocarboxazid, isoconazole, 1soguaning, isomiazid, isopropvlbarbiturate,
isoproturon, 1sosorbide dinitrate, isosorbide mononitrate, isradipine, itraconazole, itraconazole,
traconazole (Itra), ivermectin, ketoconazole, ketoprofen, ketorolac, khellin, labetalol,
lamivudine, lamotrgine, lanatoside C, lanosprazole, L-DOPA, leflunomide, lenalidomide,
letrozole, leucovorn, leuprolide acetate, levamisole, levofloxacin, hdocaine, binuron, lisinopril,
lomefloxacin, lomustine, loperanmude, loratadine, lorazepam, lorefloxacin, lormetazepam,
losartan mesviate, lovastatin, lysunde maleate, Maprotiline HCl, mazindol, mebendazole,
Meclizine HCl, meclotenamuc acid, medazepam, medigoxin, medroxyprogesierone acetate,
mefenamic acid, Mefloquine HCI, megestrol acetate, melphalan, mepenzolate bromnde,
meprobamate, meptazinol, mercaptopurine, mesalazine, mesna, mesoridazing, mesiranol,
methadone, mcethaqualone, methocarbamol, methoin, methotrexate, methoxsalen,
methsuximide, methvelothiazide, wmethyviphenidate, wmethyiphenobarbitone, methvi-p-
hydroxybenzoate, methylprednisolone, methyltestosterone, methyprylon, methysergide
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maleate, metoclopramide, metolazone, metoprolol, metromdazole, Mianserin  HCL,
miconazole, midazolam, mifepnstone, miglhitol, minocycling, minoxidil, mitomycin C,
mitotane, mitoxantrone, mofetimycophenolate, molindone, montelukast, morphine,
Moxifloxacin HCI, nabumetone, nadolol, nalbuphine, nalidixic acid, nandrolone, naphthacene,
naphthalene, naproxen, naratriptan HCL natamycin, nclarabine, nelfinavir, nevirapine,
nmicardiping HCL nicotin amude, nicotinic acid, nicoumalone, nifedipine, niutamide,
nimodipine, nimorazole, nisoldipine, nitrazepam, nitrofuranioin, nitrofurazone, nizatidine,
nofetumomab, noretlusterone, norfloxacin, norgestrel, nortriptyline HC, nystatin, oestradiol,
ofloxacin, olanzapme, omeprazole, omoconazole, ondansetron HCI, oprelvekan, omidazole,
oxaliplatin, oxamnigquine, oxantelembonate, oxaprozin, oxatomide, oxazepam, oxcarbazeping,
oxtendazole, oxiconazole, oxprenolol, oxyphenbutazone, oxyphencyclimine HCL, paclitaxcl,
palifermin, pamudronate, p-aminosalicviic acid, pantoprazole, paramethadione, paroxeting
HCI, pegademase, pegaspargase, pegfilgrastim,  pemetrexeddisodium, penicillaming,
pentacrvthritol  totranitrate, pentazocin, peptazocine, pentobarbital, pentobarbitone,
pentostatin, pentoxifylline, perphenazine, perphenazine pimozide, perviene, phenacenude,
phenacetin, phenanthrene, phenindione, phenobarbital, phenclbarbitone, phenolphthalein,
phenoxybenzamine, phenoxybenzamine HCL phenoxyvmethvl penicillin, phensuximide,
phenvibutazone, phenytoin, pindolol, pioglitazone, pipobroman, piroxicam, pizotifen maleate,
platinum compounds, plicamyein, polvenes, polvmyxin B, porfimersodium, posaconazole
(Posa), pramipexole, prasterone, pravastatingd praziquantel, prazosin, prazosin HCI,
prednisolone, predunisone, prmidone, probarbital, probenecid, probucol, procarbazine,
prochlorperazine, progesterone, proguamil HCL  promethazine, propofol, propoxur,
propranclol, propvlparaben, propyithiouracil, prostaglandin, pscudoephedrine, pteridine-2-
methvi-thiol, pteridine-2-thiol, ptendine-4-methyl-thiol, pteridine-4-thiol, pteridine-7-methyl-
thiol, ptenidine-7-thiol, pyraniclembonate, pyrazinamide, pyrene, pyridoshgmine,
pvrimethamine, quetiapine, quinacrine, quinapril, quinidine, quimdine sulfate, quinine,
guininesulfate, rabeprazole sodiwm, ranitidine HCL rasburicase, ravuconazole, repaghnide,
reposal, reserpine, rotinoids, rifabutine, rifampicin, rifapentine, rimexoclone, risperidone,
ritonavir, rfuximab, rizatriptan benzoate, rofecoxib, ropinirole HCl, rosiglitazone, saccharin,
salbutamol,  sabicylamide, sabicylic acid, sagquinavir, sargramostim, secbutabarbital,
secobarbital, sertaconazole, sertindole, sertraline HCL simvastatin, sirohimus, sorafenib,
sparfloxacin, spiramvcin, spironolacione, stanclone, stanozolol, stavudine, stilbestrol,
streptozocin, strvchnine, sulconazole, sulconazole nitrate, sulfacetamide, sulfadiazine,
subfamerazine, sulfamethazine, sulfamethoxazole, solfandamide, sulfathiazole, subindac,
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sulphabenzamide,  sulphacetamide,  sulphadiazine,  sulphadoxine,  sulphafurazole,
sulphamerazine, sulpha-methoxazole, sulphapyridine, solphasalazine, sulphinpyvrazone,
sulpiride, sulthiame, sumatriptan succinate, sunitinib maleate, tacrine, tacrolimus, talbutal,
tamoxifen citrate, tamulosin, targretin, taxanes, tazarotene, telmusartan, temazepam,
temozolomide, teniposide, tenoxicam, terazosin, terazosin HCL terbinafine HCL, terbutaline
sulfate, terconazole, terfenadine, testolactone, testosterone, tetracycline, tetrahydrocannabinel,
tetroxoprim, thalidomide, thebaine, theobromine, theophyiiine, thiabendazole, thiamphenicol,
thioguaning, thioridazine, thiotepa, thotom, thymine, tiagabimne HCL tibolone, uclopidmme,
tinidazole, tioconarzole, tirofiban, tizamiding HCL tolazamide, tolbutamide, tolcapone,
topiramate, topotecan, toremifene, tositumomab, tramadol, trastuzumab, trazodone HCL
tretinoin, triameinolone, triamterene, triazolam, trnazoles, triflupromazine, trimethoprim,
trimipramine maleate, triphenviene, troglitazone, tromethamine, tropicamide, trovafloxacin,
tybamate, ubidecarenone (coenzyme Q10), undecenoic acid, uracil, uract! mustard, uric acid,
valproic acid, valrubicin, valsartan, vancomycin, venlafaxine HCI, vigabatrin, vinbarbital,
vinblastine, vineristing, vinorelbine, voriconazole, xanthine, zafirlukast, zidovuding, zileuton,

zoledronate, zoledronic acid, zolmitriptan, zolpidem, and zopicione.

F. KITS

{00191]  The present disclosure alsc provides kits. Any of the components disclosed
herein may be combined in the form of a kit. In some embodiments, the kits comprise a

composition as described above or in the clamms.

[00192] The kats will generally include at least one vial, test tube, flask, bottle,
syringe or other container, into which a component may be placed, and preferably, suitably
aliuoted. Where there is more than one component in the ki, the kit also will generally contain
a sccond, third or other additional containers into which the additional components may be
separately placed. However, various combinations of componeuts mav be comprised in a
container. In some embodiments, all of the lipid nanoparticle components are combined i a
single contamer. In other embodiments, some or all of the lipid nancparticle components are

provided m separate containers.

{00193 The kits of the present disclosure also will tvpically include packaging for
containing the various containers m close confinement for commercial sale. Such packaging

may inchude cardboard or injection or blow molded plastic packaging mto which the desired
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contamners are retained. A kit may also include mstructions for employing the kit components.

Instructions may include variations that can be implemented.

F. Examples

{00194] The following examples are included to demonstrate preferred embodiments

(]

of the disclosure. It should be appreciated by those of skill in the art that the techmigues
disclosed in the examples which follow represent techniques discovered by the imventor to
function well in the practice of the disclosure, and thus can be considered to constitute preferred
modes for its practice. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific embodiments which are
10 disclosed and still obtain a like or similar result without departing from the spirit and scope of

the disclosure.
Example 1 - Preparation of BOTAP Modified Lipid Nanoparticles

{00195] Lipid nanoparticles {LNPs}) are the most efficacious carrier class for in

vive nucleic acid delivery. Histoncally, effective LNPs are composed of 4 components: an

15 ionizable cationic lipid, zwitterionic phospholipid, cholesterol, and hipid polv{cthylene glycol)
(PEG). However, these LNPs result in only general delivery ot nucleic acids, rather than organ
or tissue targeted delivery. LNPs typically delivery RNAs only to the hiver. Thercfore, new

formulations of LNPs were sought in an effort to provide targeted nucleic acid delivery.

{00196] The four canonical types of lipids were mixed i a 15:15:30:3 molar
20 ratio, with or without the addition of a permanently cationic lipid. Briefly, LNPs were prepared
by mixing 3A2-SCR {ionizable cationic), DOPE (zwitterionic), cholesterol, DMG-PEG, and

DOTAP (permancntly cationic) in the ratios shown in Table 0.1
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Table .1: Molar Ratios and Percentages of Lipids in modified LNPS.

Molar Ratios Molar Percentage (%) Lipids/

Name DMG- mRNA

5A2-8C8 DOPE Chol DMG-PEG DOTAP |5A2-SC8 DOPE  Chol .o DOTAP (wiwy)
mMDLNP, 15 15 30 3 0 23.8 238 47.6 43 0.0 40
DOTAPS 15 15 30 3 33 226 226 45, 45 5.0 40
DOTAP10 15 15 3 3 7 214 214 42.9 43 10.0 40
DOTAP15 15 15 3¢ 3 11 20.3 20.3 40.5 4.1 14.9 40
DOTAP20 15 15 3¢ 3 16 19.0 19.0 38.0 3.8 20.3 40
DOTAP25 15 15 30 3 21 17.9 17.9 357 3.6 25.0 40
DOTAP320 15 15 30 3 27 18.7 16.7 33.3 3.3 20.0 40
DOTAP35 15 15 30 3 24 15.5 15.5 30.8 3.1 35.1 40
DOTAP40 15 15 30 3 42 14.3 143 28.6 2.9 400 40
DOTARAS 15 15 30 3 52 13.0 13.0 76.1 2.6 45.7 40
BOTARS0 15 15 30 3 &3 1.6 1.9 23.3 24 50.0 £0
DOTARSS 15 15 30 2 71 107 0.7 214 2.1 550 40
DOTAPSD 15 15 30 3 95 3.5 9.5 120 18 60.1 40
DOTAPSS 15 15 30 2 117 8.3 83 16.7 17 65.0 49
DOTARTD 15 15 30 2 136 7.0 7.0 14.1 1.4 704 40
DOTARTS 15 15 30 3 19G 58 5.9 11.9 1.2 75.1 40
DOTARSD 15 15 30 K] 766 4.6 48 3.3 0.8 80.5 40
DOTARES 15 15 30 3 57 3.8 3.6 7.1 0.7 85.0 40
BOTAREO 15 15 30 3 576 2.4 2.4 47 0.5 90.0 40
DOTARSS 15 15 30 2 1200 1.2 1.2 2.4 0.2 95.0 40
DOTAR1O0 o 0 0 G 106G 2.0 0.0 6.0 0.6 100.0 40
{00197} For preparation of the mDLNP formulation, 3A2-8C8, DOPE,

Cholesterol and DMG-PEG were dissolved m ethanol at the given molar ratios {15:15:30:3).
The mRNA was dissolved 1n citrate buffer {10 mM, pH 4.0} The mRNA was then diluted into
the lipids solution to achieve a weight ratio of 40:1 (total lipids:mRNA) by rapidly mixing the
mRNA mnto the lipids solution at a volume ratio of 3:1 (mRNA:Iipids, v/v). This solution was
then incubated for 10 min at room temperature. For formation of DOTAP modificd mDLNP
formulations, mRNA was dissolved in 1 x PBS or citrate buffer (10 mM, pH 4.0}, and mixed
rapidly mto ethanol contaiming 5A2-8C8, DOPE, Cholesterol, DMG-PEG and DOTAP, fixing
the weight ratio of 40:1 (total lipids:mRNA) and volame ratio of 3:1 (mRNAlipids). As shown
m Table 1, each formulation is named DOTAPX where X represents the DOTAP molar

percentage in total lipids.
Example 2 - Characterization of DOTAP Meodified mBDLNP formudations.

{00198] To characterize the different mPLNP formulations, size, polydispersity
mdex and zeta-potential were exanuned by dynanuc light scattering, 3 separate times for each
formulation. Size and polvdispersity index are shown i FIG. 5A, indicating regardless of
DOTAP concentration, the formulations all fell within a size range of about 90 nm to about

160 nm, while the polvdispersity indices varied from about 0.1 to about 0.3, indicating relative
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homogeneity ot size. Zeta potential 1s shown for each fommulation in FIG. 5B and shows that

the zeta potential generally increases with the concentration of BOTAP,

[00199] Next, encapsulation efficiency was tested using a Ribogreen RNA assay

(Zhao er al., 2016). Briefly, mRNA was encapsulated with about 85% efficiency in mDLNPs

5 without DOTAP (FIG. 5C) when the mRNA was dissolved m acidic buffer (10 mM citrate, pH
43. Low pH 15 required to protonate the iomizable amine in the ionizable cationic ipd {e.g
5A2-5C8, C12-200, DLin-MC3-DMA) to allow electrostatic complexation with negatively
charged mRNA. For all other formulations on this plot, mixing was performed at pH 7.4 using
mRNA dissolved n PBS. Clearly, with low concentrations of DOTAP, encapsulation

10 efficiency was low, but increased to >809 with a molar percentage of DOTAP above 25%
(FIG. 5C). The encapsulation efficiency was between about 80% and about 93% for all
formulations with a molar percentage of greater than 25% DOTAP. Therefore, the potential to

use neutral pH PBS mixing is a feature of the permanently catiomic hipid strategy. This strategy

allows for tissue specific delivery and for high Cas9 protein encapsulation. The addition of a

[
(v

permancntly cationic lipid allows formation of LNPs at neutral pH. These encapsulation resulis
are when PBS was used as a buffer. When acidic buffers are used {e.g. citrate buffer (10 mM,
pH 4.0)}, then the encapsulation efficiency is high (>90%; for all formulations from 0 to 100%
DOTAP.

{00200} Finally, pKa  was  determined  using  2-{p-toluidino)-6-

20 paphthalencsulfonic acid (TNS) assay (FIG . 3B) (Zhao er o/, 2016}, The relationship between
pKa and tissue specific mRNA delivery was plotted based on the defined rules. Here 8 rules

were designed to score as showed in the table. Obviously, hver targeted formulations had a
narrow pKa {(~6-7}, no significant range for spleen targeted formulation, buot lung targeted
delivery required high pKa (> 9.25). Together distnibution and pKa detection into

25 consideration, it was concluded that miernal charges of NPs is one factor that affects mRNA
distributions, and that global / apparent LNP pKa is another factor determines the mRNA-

mediated protein expression profiles in organs
Example 3 - Efficacy of permanently cationic lipid modified mDLNPs for mRNA Delivery

{00261} To examine the delivery efficacy by which LNPs meluding a
30 permanently cationic lipid are able to debiver active cargo in virro, the DOTAP modified

mPLNPs were loaded with mRNA encoding nciferase, and Huh-7 liver cells and AS549
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adenocarcinomic human alveolar basal epithelial celis were transfected with the 50 ng/well of
mRNA. These celis were cultured for 24 hours before luciferase expression and cell viability
were examined. As shown in FIG. 6A, DOTAP percentages of 3%-50% were better for mRNA

delivery and expression in the Huh-7 hiver cells in vitro, and 10% DOTAP appeared to have

(]

the greatest dehivery and expression of luciferase (FIG. 6A). It is noted that delivery
characteristics in vive may be different. Generally, these studies may not be useful to predict
in vivo activity, nor tissue tropism due to the additional im vivo barriers, organ distribution, and
cellular specify of the SORT LNPs. Additionally, cell viability was examined and it was found
that 10% BOTAP vielded high viability within the mBLNPs which exhibited robust luciferase
10 expression {FIG. 6A). Examination of the same transfection with the A549 hung cancer cell
hine showed similar results, with cells transfected with the DOTAPIO formulation exiubiting
nearly double the fhiorescence of anv of the other formulations and maintaining a high cell
viability (FIG. 6A). DOTAP SORT LNPs were formed in PBS (pH 7.4) rather than citric
buffer (10mM, pH 4.0}, but may formed in either buffer systern. This is an attribute because it
15 aliows encapsulation and delivery of cargos that are not stable in ethanol or acidic buffer, e.g.

proteins.

1002021 To determne the effect of ethanol concentration within the formulation,

DOTAP2S was selected and prepared with various ethanol to PBS ratios (1:3, 1.5, 1.7.5 ad

1:10} (FiG. 6B). All four formulations showed similar encapsulation efficiency, size, and PDI

20 (FIG. 2B). mRNA delivery efficiency was also measured by transfecting FabDu hypopharvnx
carcinoma cells with 50 ng/well of mRNA in cach formulation. The delivery efficiency of each
formulation was similar, with very little effect on cell viability as well (FIG. 6(). Therefore,

these formulations appear applicable to amumber of cell types, including hiver, lung, and throat.
Further, this formulation has also been successfully modified to use 1 x PBS (pH 7.4} instead

25 ofacidic buffer (pH 4.0), and these data show that the ethanol percentage can be dramatically
decreased, which provide for the possibility that DOTAP formulations mayv deliver cargo that

are much more sensitive to high ethanol concentrations and acidic buffers, e. g proteins.

{00203] Next, to test the ability of these mDLNPs to deliver mRNA in vivo, mice

were injected with a dose of 0.1 mg/kg of Luc mRNA 1n ¢ach of the formulations. FIG. 1B

30 shows ex vivo images of luciferase in major organs at 6k post IV injection of each formulation.
Interestingly, with increasing molar percentage of DOTAP, luciferase expression moved from

liver to spleen, then to lung, demonstrating organ specific delivery. These data were
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guantifated, revealing that DOTAP percentage is a factor for tissue targeting delivery, and that
mBINP (0% DOTAP) is the best for bver delivery, while 5-15% DOTAP are the best for
spleen and DOTAPS0 (50%) is the best for lung dehvery (FI1G. 1B). Assuming that luciferase

expression was detected only in liver, spleen and lung afier TV injection, the percentage of

(]

laciferase expressed in each organ can be caleulated (FIG. 1C). These data clearly indicate that
with increasing molar DOTAP percentage in the formulation, there is decreasing delivery to
and expression in the liver, with close to zero expression scen in the liver when DOTAP
percentage is greater than 70% (FIG. 1B, 1C). However, the greater the DOTAP percentage,
the more laminescence is seen in lung tissacs, with close to 100% of himinescence seen in the
10 hing when DOTAP percentage is greater than 80% (FIG. 1C). Concentrations of DOTAP 5
and 30 molar percentage showed higher percentages of luminescence in spleen tissues, while
DOTAPIO showed the highest relative lummescence i the spleen compared to other tissues
(FIG. 1C). These results indicate that Lipid concentrations can be tatlored for specific tissue

delivery, following injection.

[
(v

{00204] To test the organ biodistributions of specific BOTAP formulations n
greater depth, PBS or liver targeting NPs (mDLNP), spleen targeting NPs (DOTAP10) and
tung targeting NPs {DOTAPSO) were injected into C57BL/6 mice (n=2) at a dose of 0.5 mg/kg
Cy3-Luc mRNA (dve labeled mRNA o track RNA LNPs). 6h post injection, major organs
were collected and imaged (FIG. 3A). The organ distribution of formulations was changed by
20 the amount of DOTAP, and accumuilation i hiver gradually moved to lung with mncreasing
DOTAP percentages, but regardless of DOTAP percentage, there are still NPs present in the
hver (FEG. 7, FIG. 8). Taking this data intc account with that of FIG. 1, 1t 1 clear that organ
distribution is not enough to analvze tissue targeted delivery efficacy (mRNA translation to
protein). Further, considenng the similar size distribution and EE between these formulations,

25 zeta-potential and pKa may play roles in tissue targeting mRNA expression.

{00205] In an effort to understand whether the effects of the addition of BOTAP
to mDLNPS were limited, or whether the distributions shown above are universal {o permanent
cationic lipid formulated mDLNPs, mDLNPs were generated with inclusion of another popular
cationic hipid, Pidodecyldimethyiammonium Bromide (BDARB) (FIG. 2A1). DDAB has two

30 hydrophobic tails with 18 carbons and no unsaturated bonds, and has a completely different
head group than DOTAP (FIG. 1C). DDABS, DDABIS, DDAB40 and DDABS0 formulations

were selected for in vive delivery (0.1mg/kg, 6h, n=2). Similar to the DOTAP fornwdations
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above, there was very little difference i size distribution (F1G. 2A1), even though DDAB
percentage in the NPs varied by 10 fold (5% 1o 50%). Similarto DOTAP NPs, in vive luciferase
cxpression showed a trend that luminescence moved from the liver to spleen, then to fung with

mereasing DDAB percentages (FIG. 2A2).

3 {00206] mDLNPs were formed with a third permanent cationic lipid with the
headgroup 1,2-dimyrnistovi-so-glycero-3-cthviphosphocholine chloride which has similar
structure with DOTARP, but with shorter, 14 carbon, hydrophobic tails {((14:0} EPC) (FIG. 2B1).
Similar to the DDAB strategy, (14:0) EPCS, (14:0) EPCI5, (14:0) EPCA40 and (14:0) EPCS0
formulations were prepared and the size distribution (FIG. 2B1) and in vivo Luc mRNA

10 debvery (0.1lmg/kg, 6h, n=2) were examined (FIG. 2B2}. Similar to the mDLNPs analyzed
above, the particle size was generally uniform (FIG. 2B1), and as cxpected, lomingscence
moved trom liver to spleen, then to lung with increasing {14:0) EPC molar percentages {(Fi(.
2B2). Taking all of these data together, which include different hydrophobic tails, saturated

and unsaturated bonds, and different head groups, it appears that cationic lipid formulated

[
(v

mBLNP for tissue targeting mRNA delivery 1s universal.

{00207] In an effort to understand whether the effects of the addition of DOTAP
to LNPs were specitic to permanently cationic lipids, the effects of adding zwitterionic lipids
mstead of permanently cationic lipids m mDLNP formulations was examined.  Two
representative zwitterionic lipids, phosplolipids with different chemical structures: DSPC and

20 DOCPe were tested. Additionally, it was also tested to determine if the addition of zwitterionic
lipids (instead of permanently cationic hpidsy would affect tissue spectific delivery efficacy.
FiGs 2C1 and 2D1 show the chemical structures of DSPC and DOCPe lipids (zwitterionic
lipids). There are differences in both the positions of the positive and negative charged
functional headgroups and 1 the hvdrophobic domains (saturated versus unsaturated),
25 suggesting that any observed cffect would be general / umiversal for zwitterionic hipids.
mDLNPs formulated with either DSPC or DOCPe were simidar (FiGs. 2C1, 2D1
Interestingly, the inclusion of zwitterionic lipids into 5-component modified DLNPs did not
change the protein expression profile from liver to lungs as was the case for DOTAP and other
permanently cationic lipids. Instead, both DSPC and DOCPe improved mENA delivery mto
30 spleen within given range (less than 80% in DSPC and less than 50% in DOCPe). There was

no protein expression in fungs for any percentages (0.1 mg/ke, 6h, n=2) (FIGs. 2C2, 2B2).
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Therefore, inclusion of additional zwitterionic lipid can aid spleen delivery, but cannot tune

delivery efficacy from liver to spleen to langs like the inclusion of permanently cationic hipids.

[00208] In an effort to understand whether the effects of the addition of DOTAP

to LNPs were specific to permanently cationic lipids, the effects of adding ionizable cationic

5 lipids mstead of permanently cationic lipids in mBLNFP fornulations were examined. Two
representative ionizable cationic lipids with different chemical structures: C12-200 and
DODAP, were tested. DODAP has a same structure with DOTAP except for the head groups
{quaternary versus tertiary amineg). C12-200 15 an effective hipidoid used for siRNA and mRNA
deliverv containing tonizable tertiary amines (also no quaternary anunes}), which has a

10 completely different structure with DODAP. (FIGs. 2E1, 2F1} Similarly, the size distributions
of both modified mDENPs were stifl uniform at certain percentages (less than 80%). (FIGs.
ZEL 2F1) Surprisingly, the inclusion of ionizable cationic lipids into 3-component modified
DLNPs did not change the protein expression profile from hiver to spleen to lungs as was the

case for DOTAP and other permanently cationic lipids. Instead, the inclusion of ionizable

[
(v

cationic hipids mto DBLNPs increased mRNA delivery efficacy of mRNA to the liver. These
showed much better delivery cfficacy than original mDENP (0.1 mg/kg, 6h, n=2} without
additional 1onizable cationic lipid {only 3A2-SC8). With increasing percentages of BODAP or
C12-200 (50% or 80%;), luciferase signal decreased a lot, but hiver still was the main organ
rather than splcen or hung. Therefore, it was concluded that organ specific cffects can be
20 attributed to inclusion specific ratios of permanently cationic lipids. Moreover, this data shows
that permanently cationic hipids produce different effects than ionizable cationic lipids. These

data further show that these trends are universal with respect to classes of lipids.

Example 4 - CRISPR/Cas9 gene editing using modified mDLNPs that ce-deliver Cas9
mRNA and sgRNA

25 {00209} First, three sgRNAs targeting Td-Tomato mice were compared to
determine which sgRNA would be most effective in subsequent expeniments. These sgRNAs
are sgToml, sgTom? and sgloxP. As is shown m FIG. 10A,) sgTom! and sgloxP were
delivered and expressed with similar results, and were more successfol at inducing TdTomato
than sgTom2 (F1G. 10A). Considering the weak PAM of sgloxP (NAG), sgTom! was finally

30 chosen for further expenments.

100210] Given the tissue specific mBNA (Juc mRNA) delivery shown with
DOTAP NPs, and that both DDAB and EPC modified NPs showed similar delivery trends,
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DOTAP modified mDLNPs were then used for Cas9 mRNA/sgRNA co-dehivery aimed at
achieving tissue specific gene editing. To examine co-delivery in vivo, genetically engineered
mice containing a homozygous Rosa26 promoter Lox-Stop-Lox tdTomato (tdT0) cassette
present in all cells were used (FIG. 44). Co-delivery of DOTAP modified mDLNPs housing
Cas9-mRNA and sgRNA against LoxP or against Tom enabled deletion of the Stop cassetie
and nduction of tdTO expression (FIG. 4B). The mice were IV mjected by mDLNP and
DOTAPS0 formulations for co-dehvery of IVT Cas9 mRNA and modified sgTom 1 (4/1, wt/wt}
at the total doses of 2.5 mg/kg (50 ug cach), then fluorescence of main organs was detected at
day 10 after treatment. (Fig. 4B}, Liver and hmg specific CRISPR/Cas gene cditing was
achigved. Spleen specific editing was also achieved. However, due to very bigh background

red autofluorescence, spleen editing was not quantifiable using this TdTomato reporter mouse.

{00211} To further examine tissue specific editing, PTEN was selected as an
endogenous target. C37BL/6 mice were TV mjected with mBLNP, DODAP20 or DOTAPS0 to
reach tissue specific gene editing. The total dose was 2.5 mg/kg (50ug each), weight ratio of
IVT Cas9 mRNA to modified sgPTEN was 4/1, and detection time was day 10 after treatment.
sgRNA targeting PTEN wasused. A T7E] assay showed that tissue specific feature was further

confirmed with 7z vive PTEN editing. (Fig. 4C).

Example 5 - CRISPR/CasS gene editing using modified mDLNPs that deliver Cas9
protein / sgRNA ribonucleoproteins (RNPs}

{00139} Building on the discovery that inchision of a permanently cationic lipid {e.g
DBOTAP) into traditional LNP formulations contaming an tonizable cationic lipid, a
zwitterionic hipid, cholesterol, and a PEGvlated lipid, @ was investigated whether this
formulation methodology could also deliver other cargoes that are sensitive to ethanol and/or
low pH acidic agueous baffers. The key clement of the DOTAP strategy is that formulations
can be prepared using PBS at neutral pH. It was therefore exanuned if this methodology could
also encapsulate and deliver large proteins, such as Cas9, for gene editing applications. DOTNP
Epid nanoparticles therefore consist of five components: an ionizable cationic lipids (e.g. 5A2-
S{8), a zwitierionic lipid {e.g. DOPE), Cholesterol, DMG-PEG, and modular melusion of a
permancntly cationic lipid (e.g. BOTAP). The mole ratio of 5A2-SC8, Cholesterol, DOPE, and
DMG-PEG was fixed (15:15:30:5, mol/mol) and BOTNPX means DOTNP with different mole
percentage of DOTAP.
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{00140] The first characterized Cas%/sgRNA complexes were examined if they are
sensitive 1o acidic pH. The size {diametery (FIG. 11A} and Zeta potential (FIG. 11B) of
CasY/seL UC complex {mol/mol=1/1} was measared in PBS {pH 7 4} and 1o citrate Buffer (pH
4.2). The size of Cas%/sgl.UC complexes prepared in citrate buffer is large {greater than 100
nm) and the zeta potential is positively charged. These two attributes (size larger than a typical
efficacious LNP) and positive charge {charge incompatible to complex with positively charged
lipids), render 1t impossible to be effectively encapsulated by hipid nanoparticles. However, the
size of Cas¥/sgl.UC complexes prepared in PBS is compact (less than 20 nm) and has negative
charges. Therefore, it can be encapsulated by lipid nanoparticles when formulated at neutral
pH. Next, Cas%/sgRNA complexes with different Cas9 protein to sgRNA molar ratios were
prepared and characterized. Size (FIG. 11C) and Zeta potential (FIG. 11D) of Cas%/sglUC
complexes prepared with different Cas9/sgRNA mole ratios (1/1, 1/3, and 1/5}. Compared with
Cas9/sgtUC complex (1/1, mol/moly, higher mole ratios {1/3 and 1/3, mol/mol) showed
smaller size and more negative charges, which may be beneficial for lipid nanoparticle
encapsulation. The composttions were prepared and characterized DOTNP lipid nanoparticles
after encapsulating Cas9/sgRNA complexes. Size (FIG. 11E} and Zeta potential (FIG. 11F) of
DOTNPLO lipid nanoparticles cncapsulating Cas9/sgLUC complex {(named DOTNP10-L)
when preparing with different mole ratios (1/1, /3, 1/5). This data indicates encapsulation of
Cas9/sgRNA RNPs into mongodisperse LNPs. FIG 116G shows TEM images of BOTNP10-L
(1/3, mol/mol}y LNPs with encapsulated RNPs. Following this mitial study, different sgRNA
were used including sgl.UC, sgGFP, sgTOM, and sgPTEN. To distinguish them, the first letter
of each gene was added at the end of DOTNP. For example, DOTNP10-L means DOTNPLO
lipid nanoparticles encapsulating Cas9/sgLUC complex; DOTNP10-G means DOTNPIO pd

nanoparticles encapsulating Cas%/sgGFP complex.

DOTAP10

DSPCS50

DODAPS0

Citric

PBS Buffer

Citric

PBS Buffer

Citric

PBS Buffer

1554
0.09
34.9

85.1
0.21
54.9

Size (nm)
PDI
EE (%)

208.9 2020
0.30 0.29
0 43.7

1563.5
0.08
14.4

148.0
(.15
36.2

Table 7. Characterizations of BOTAPIO, DSPC50 and DODAP30 formalations formed by

PBS and citric buffer, including size, PDI and encapsulation efficacy.
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Nams Forward Primers (5 o 37} Reverse Primars {(5'10 3’} | Length Notes

. AT A & AT s ATRTATGARTYCTTACTTTYTCTTTTT
Casy  [pATOSATOCOUCALCATOBIECCAR 16 CCTGBOCGECCTITITCRTERC  4233p | For v cions
SANEAAELATEAAE CGCOOBCCTTITETCBCCTCCCAG

Ca9 Seq-1 | CTGAGCGACATCCTGAGAGTGAAC

Cal Seg-2 AGCABBTCCTCICTGTICAG

{ cav Seq-3 |GACGGCTTCGCUCAACAGAAACTTC

For sequencing to
Ca9 Seg-4 TTTGATGCCCTCTTCGATCCG confirm the whole
Cas9 sequences

Caf Seq-5 {GGGAGATCGTGTGGGATAAG

Ca9 Seq-6 ACTTCTTAGGGTCCCAGTCC

Cal Seqg~7 {AAGAGAGTGATCCTGGCCGAL

PTEN ATCCGTCTTCTCCCCATTCCG GACGAGCTCGCTAATCCAGTG 638bp For T7E1 assay

TAATA(‘ GA STCACTATAGGGAANTARAAL
VT sgTomt STOTALAASTOGTTTTAGAGCTAGAAATA |AAAAGCACCGACTCGGTGCC 120bp

For IVT template
preparation.

TAATACGACTCACTATAGGGAAALGTEY,
VT sgTom2 CASATHTROTAGTTTTAGAGCTAGAAA] fA AAAAGCACCGACTCGGTGCC 120bp
GC

VT sgloxP AAAAGCACCGACTCGGTGCC 120bp

Table 8. Listed all primers used in this rescarch work, including the length of PCR product and
their purposes. (Cas9 = SEQ 1D NOS: 3-4; Ca% Seq-1 = SEQ ID NO: 5; Ca9 Seq-2 = SEQ 1D
NG: 6; Ca¥ Seq-3 = SEQ ID NO: 7. (a9 Seq-4 = SEQ 1D NG: 8; Ca9 Seq-5 =SEQ ID NG: 9,
Ca% Seqg-6 = SEQ ID NO: 10; Ca9 Seq-7 = SEG ID NO: 11; PTEN = SE(Q 1D NOS: 14-15;
IVT sgToml = SEQ ID NOS: 44-45. VT sgTom?2 = SEQ [D NOS: 46-47; IVT sgloxP = SEQ
1D NOS: 48-49)

{80141] To examine if DOTNP lipid nanoparticles could deliver Cas%/sgRNA RNP
corplexes into the nucleus and mediate efficient gene cditing i virro, a series of experiments
were performed. First, DOTNPs containing Cas%/sgRNA RNPs that were tagged by a green
fluorescent EGFP were tracked by confocal microscopy (FIG 124}, Images of Hela-Luc cells
after incubation with DOTNP 10 cncapsulating Cas9-HGFP/sgl.UC complexes (1/3, mol/mol}
for 1h, 3h, 6h, and 24h {(9nM of sgRNA was used) showed that the DOTNPs were mternalized
into cells and that the Cas9 RNP trafficked to the nucleus. Green: EGEP fused (Cas9 protein;
Blue: nucle: stained with Hoechst 33342 Red arrows indicated the process of BOTNPIO

entering into nucleus. (FIG. 12B)
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[00142] Next, it was examuned if DOTNP lipid nanoparticles could deliver
Casf/sgRNA RNP complexes could cut targeted Luciferase DNA. The percentages of DNA
indels (insertions and deletions) was quantified using the TIDE assay av the LUC locus
following mecubation with with DOTNPI0-L of different mole ratios for 3 days (24nM of
sgRNA was used). DOTNPI9 lipid nanoparticles encapsulating Cas9/sgGFP (DOTNPIO-G)

(]

was used as negative control. Here, two commercial CasY proteins (GeneAxt Cas® and Truecut
Cast) were used. (FIG. 12B). Next, a T7E] cleavage assay of Hela-Luc cells incubated with
different formulations (Z4nM of sgRNA} was performed to demonstrate DNA editing (FIG.
12C). Among the conditions tested, mole ratio at 1/3 showed the best gene editing when using

10 Truecut Cas9 protein. Next, fluorescence microscopy was used to test editing of GFP (FIG.
121}, Images of SKOV3-GEFP cells incubated with DOTNPT0-L {control, does not target GFP)
and DOTNPIO-G {(does target GFP} (24nM of sgRNA) which showed on target editing
demonstrated by disappearance of GFP protein expression. Finally, flow cytometry was used
to analvze SKOV3-GFP cells incubated with DOTNP10-L and DOTNPI0-G (FIG 12E). (FIG

15 12F) Mean fluorescence mtensity of SKOV3-GFP cells incubated with DOTNPI0-L and
DOTNP10-G by flow cytometry showed editing of GFP by CRSPR/Cas.

[00142] Next, it was examined if DOTNP lipid nanoparticles counld dehver
Cas%/sgRNA RNP complexes in vive to achieve CRISPR/Cas-mediated genc editing. As
before, the genctically engineered TdTomato mouse mode! was emploved. 1.5 mg/kg of

20 sgRNA were dehvered per mouse with the followmg formulations: DOTNP3-T means
DOTNPS LNPs encapsulating Cas%/sgTom complex; DOTNPL10-T means DOTNPIO LNPs
encapsulating CasY/sgTom compiex: DOTNP50-T means DOTNP30 LNPs encapsulating
CasY/sgTom complex. Following IV injection of these formulations, tdTomato fluorescence
was guantified ex vivo in major organs 7 days post injection (FIG 134A). tdTomato flaorescence

25 was only observed in the liver for the DOTNE3-T treated group; In DOTNP10-T group, shght
fluorescence was seen in lung and if further increasing dose of DOTAP to 50% (DOTNPS0-
T}, most of tdTomato fluorescence was observed m lung. Therefore, similar to the mRNA
delivery experiments summarized above, the BOTAP methodology alse allows tissue specific
gene editing of Cas9/sgRNA ribonucleoprotein (RNP) complexes. To further examine

30 dehiverv, LNPs containing sgRNA against PTEN were delivered. Using the T7E] cleavage
assay of liver and lung organs, 1t was determined that IV mjection of DOTNPS-P (DOTNPS
LNPs encapsulating CasS/sgPTEN complex), DOTNPI0-P (BOTNPIO LNPs encapsulating
Cas%/sgPTEN complex) and DOTNP50-P (DOTNPS0 LNPs encapsulating Cas9/sgPTEN
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complex) (Pmg/kg of sgRNA per mouse) mediate gene editing (FIG 13B). The results are
congistent with that obtained by ex vive imaging. Gene editing was only detected 1n fiver after
treated with DOTNPS-P; gene editing was obtained both in iver and in lung when incubated

with BOTNP10-P; while in BOTNP50-P treatment group, most of gene editing was observed

(]

in lung.

{00212} The data provided herein show that lipid nanoparticles may be prepared
with varyving compositions in order to specifically target the pavicad to specific tissues.
Particularly, lipid nanoparticles with low concentrations of permancntly cationic lipids (< 10%)
are effective for delivering nucleic acids to the liver, and LNPs with less than 30% permanently

10 cationic hipid are effective for delivenng nucleic acids to the spleen, LNPs with greater than
30% permanently cationic hpid effectively deliver nacleic acids to the lungs. These findings

appear to be universal, with head groups, saturation, and tail length having hitle offect.

Example 6 ~ Additional of another lipid into known four lipid compositions result in the
change of delivery target
5 {0021 3] The gencralizability of the approach (methodology) to include a “fifth”

lipid into established 4-component LNPs was then explored.

{00214} To examine 1f the mclusion of a permanently cationic lipid (e.g

DOTAP) could alter the tissue specificity of other ionizable cationic lipids, two well known

and well established ionizable cationic lipid LNP systems were selected. DLin-M{C3-DMA was

20 sclected and 1t was formulated with with DSPC, Cholesterol, and PEG-DMG. The same molar
composition as Patisiran / Onpatiro {Alnvlam Pharmaceunticals) was produced and
supplemented with 13% or 50% of BDOTAP {(extra 5th lipid mto Unpattro 4 lipid formulation}

(F1G. 14). DLin-MC3-DMA LNPs arc counsidered the “gold standard™ for both siRNA and

mRNA delivery. To date, thev have only been shown to deliver o the liver following IV

o
[

administration. As shown in FIG. 13A, BOTAP altered mRNA expression profiles in organs
for BLin-MC3-DMA based LNPs (0.1 mg/ke Luciferase mRNA, 6h). With increasing
percentage of DOTAP, tuciferase signal moved from liver to spleen and finally to lung, which
was exactly the same with the phenomenon for SA2-SC8 mBLNPs. To further study the
universality of this approach, we included DOTAP into C12-200 LNPs (FIG. 163, While DLin-
36 MOC3-DMA 15 a two-tailed lipid with a single dimethylamine headgroup that is considered a
stable nucleic acid lipid nanoparticle (SNALP), C12-200 1s a representative “hipidoid” that can

be formulated into lipid-like LNPs. All three arc ionizable cationic lipids. Identical to the
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resulbts with 5A2-8C8 and DLin-MC3-DMA, inclusion of 15 or 50% DOTAP o C12-200
LNPs changed fuciferase protein expression following mRNA delivery from the iver to spleen
to lungs (FIG. 15B). Thus, the 5" lipid methodology (such as adding a permanently cationic

Lipid) is generalizable to other wonizable cationic lipid LNPs.

5 Example 7 — Additional of another lipid into known four lipid compesitions result in
improved delivery
{00215] Furthermore, the generalizability of the approach (methodology) by

asking if additional 1onizable cationic lipid would improve liver delivery was explored.

[00216] To examine if the iomizable cationic lipid generally promotes hver

10 delivery, additional SAZ-SC8 ionizable cationic lipids was included as the “fifth” lipid into
LNPs containing appropriate ratios of 3AZ-SCR, DOPE, Cholesterol, and PEG DMG. Extra
5A2-5C8 was included at percentages of 10 to 30 (FIG. 17A and FIG. 18). To avoid saturated
huminescence, a low 0.05 mg/kg dose of mRNA dose was tested (IV, 6h). As shown in FIG.

178, both ex vivo images and quantified data demonstrated that increased extra 15%to 253% of

15 5A2-SC8 did help improve mENA delivery potency in the hiver. SAZ-5C8720 (SA2-5CE LNPs
plus 20% extra 5A2-SC8) increased Luciferase 2-3 tumes higher than the original mDLNP

formulation.

Example 8 ~ Studies Relating to Selective Organ Targeting Compositions

This disclosure describes a strategy termed Selective ORgan Targeting (SORT) that

20 allows nanoparticles to be systematically engineered for accurate delivery of diverse cargoes
mehiding mBNA, Cas® mRNA / sgRNA, and Cas?® ribonucleoprotein (RNP) complexes to the
hings, spleens, and bivers of mice following intravenous (1Y} admimistration (FIG, 19A)
Traditional LNPs arc composed of ionizable cationic lipids, zwitterionic phospholipids,
cholesterol, and poly{cthvlene glyeol} (PEG) lipids. This disclosure shows that addition of a

25 supplemental component (termed a SORT compound or a selective organ targeting compound)
precisely alters the 72 vivo KNA delivery profile and mediates tissue specific gone delivery and
editing as a function of the percentage and biophysical property of the added SORT lipid. This
disclosurg shows evidence of a theory for tissug specific delivery, establish that this
methodology is useful for various nancparticle systems, and provide a method for LNP design

30 to edit therapeutically relevant cells.
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Effective intracellular delivery materials have conventionally relied on an optimal
balance of ionizable amines to bind and release RNAs (pKa between 6.0 —~ 6.5} and nanoparticle
stabilizing hydrophobicity (Kanasty er ¢/, 2013; Javaraman ef al., 2012; Nelson er af., 2013;

Hao efal., 20158). Without wishing to be bound by any theory, it 1s believed that internal and/or

(]

external charge may be a factor for tening tissue tropism.  Intravenous administration of the
developed SORT LNPs enabled high levels of tissue specific gene editing. SORT is compatible
with various methods of deploying gene editing machinery, including mRNA, Cas9 mRNA /
sgRNA, and Cas9 RNPs (the systemic RNP delivery). Lung-targeted SORT LNPs edited 40%
of epithelial cells and 65% of endothelial cclls; spleen-targeted SORT LNPs edited 13% of B
10 celis and 10% of T celis; and enhanced liver-targeted SORT LNPs edited 93% of hepatocytes
following a single, low dose injection.
A, Biscovery and development of SORT
To examine the hypothesis that internal charge adjustment could mediate tissue specific
delivery, a strategy was conceived to add a 5™ lipid to already established LNP compositions
15 with validated cfficacy in liver hepatocvies. The rationale was to tune ecfficacious LNP
formulations without destroving the core 4-component ratios that are nommally used for

mediating RNA encapsulation and endosomal escape (Wittrap er o/, 2015; Cheng er ol 2018).

The effect of adding a permanently catiomic lipid {defined as positively charged without

pKa or pKa >8} to a degradable dendrimer ionizable (pKa <8) cationic lipid named 5A2-SC8

20 used in mBPLNPs (Zhou e of., 2016, Zhang er ol 20183; Zhang ¢7 o/, 2018b} was examined,
which effectively delivered fumarviacetoacetate hvdrolase (FAHY mRNA to liver bepatocyies

and extended survival in FAH knockout mice {(Cheng e/ o/, 2018}, This initial base mBLNP
formulation consisted of 3A2-8(8, 1,2-dicleovi-sn-glycero-3-phosphoethanolamine (BOPE),
cholesterol, DMG-PEG (15/15/30/3, mol/mol}, and mRNA (BAZ-5C8mRNA, 20/1, wt/wt}

25 (FIG. 28). A series of LNPs were then formed by svstematically increasing the percentage of
additional permanently cationic hpid from 5 to 100% of total lipids (FIGS, 19B & 20). 1,2-
disleoyi-3-trimethylammonivm-propane (DOTAP), a well-known quaternary amino hipid, was
mitially selected as the SORT lipid to add into LNP formulations. DOTAP-moditicd SORT
formulations thus included five lipid components, where 5A2-8C8/DOPE/Chol/DMG-PEG

30 was fixed at 15/15/30/3 (molmol}, and DOTAP was added at molar ratios from 010 1200 to

make a titrated senies of formulations (FI1G. 20).

The effects of SORT modification was then gvaluated by delivering Luciferase (Luc)

mRNA intravenously (1Y) at dose of 0.1 mg/kg. With increasing molar percentage of DOTAP,
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resulting luciferase protein expression moved progressively from liver 1o spleen, and then to
hing, demonstrating a clear and precise organ specific delivery trend with a threshold that
allowed exclusive lung delivery (FIG. 19B). DOTAP percentage was the key factor that tuned
tissue specificity. Base LNPs (0% DOTAP) were optimal for liver delivery, which was
anticipated since they had been previously optimized for hepatocvte debivery (Cheng ef af.,
2018). With addition of 10-15% DOTAP, the resulting SORT LNPs could now deliver mRNA
to cells in the spleen. Increasing the permanently cationic SORT lipid further, it was found that
50% DOTAP was optimal for lung delivery (FIG. 19C). It 1s worth noting that although 50%
DOTAP SORT LNPs are efficacious for mRNA dehivery to the hungs in vivo, they were not as
cfficacious for in vifro delivery (FI1G. 21}, Moreover, 50% DOTAP SORT LNPs possess a
neutral zeta potential surface charge (-0.52 mV) (FIG., 28), indicating that tissue tropism is not
due to positive charge related MPS uptake. Calculating the relative expression m each organ,
the use of DOTAP as a SORT lipid completely altered delivery from liver to hings (FIG, 198),
Given that 1t has been estimated that >99% of current 1V nanomedicines are sequestered by the
MPS (Wilthelm er a/., 2016; Gustafson ef af., 2015), these new SORT nanoparticles therefore

overcome one longstanding challenges in nanomedicine.

With the functional role of the permanently cationic SORT lipid elucidated, without
wishing o be bound by any theory, it is believed that inclusion of other lipids may also alter
tissuc tropism. To explore this potential, negatively charged 1,2-dicleovi-sn-glycero-3-
phosphate (18PA) was incorporated as a SORT lipid in a similar manuver as DOTAP (FiG, 26).
At 10-40% 18PA mcorporation, SORT LNPs now mediated completely selective delivery to
the spleen with no luciferase expression in any other organ (FIG. 19E). Thus, negatively
charged SORT lipids allow for explicit delivery to the spleen. These results indicated that
SORT lipid percentage can be tailored for specific tissue mRNA delivery via 1V injection.

B. SORT is generalizable to other LNP types and lipid classes

It was then explored if the SORT methodology could be applied to other classes of
established 4-component LNPs 1o test whether SORT is universal. First, DLin-M{C3-DMA was
formulated with DSPC, cholesterol, and PEG-DMG with the same molar composition as FDA-
approved Cuopattro (Patisiran) (30} (F1G. 22), considered the “gold standard” for both siRNA
and mRNA debvery. To date, they have only been shown to deliver to the hiver following 1V
administration, which was confirmed here as well (FI1G. 19F). As expected, supplementing
DLin-MC3-DMA LNPs with DOTAP altered the protein expression profile of the Onpattro

formulation. With inereasing SORT lipid percentage, the luciferase signal moved from the hiver
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to spleen to lung, which was exactly the same phenomenon tor the mitially tested 5A2-SC8
DLNPs. To further study the universality of the approach, DOTAP was included mto C12-200
LNPs (FIGS, 19G & 22), which are also well validated for RNA delivery to the liver (Kove ef
al, 2010; Kauffman ef af., 2015}, Identical to the results with 5A2-5C8 and DLin-MC3-DMA
LNPs, melusion of 15 or 50% DOTAP into 12-200 LNPs changed luciferase protein
expression following mRNA delivery from the fiver o spleen to hungs (FIGS. 138G & 22).
Additionally, inclusion of 18PA as a SORT lipid mirrored the results with SAZ-5C8 and
mediated exclusive delivery of Luc mRNA to the spleen for both DLin-MC3-DMA SNALPs
and C12-200 LLNPs (FIGS. 19F-G). While DLin-MC3-DMA 13 a two-tailed lipid with a
single dimethviamine beadgroup that forms stable nucleic acid lipid nanoparticles (SNALPs),
C12-200 1s a representative hipidoid that forms hipid-like LNPs (LLNPs). Thus, the SORT
methodology was shown to be generalizable to other classes of ionizable cationic hipid LNPs,
which will allow existing liver-targeting LNPs to be casily altered to deliver mRNA to the
spleen or lungs. Specifically, the SORT technology may allow FDA-approved Onpattro 0 be

guickly redeveloped for treatment of discases m the lung and spleen.

To understand whether the tissue iropism profiles observed were specific to exact
chemical structures or generalizable to defined chemical classes, multiple permanently
cationic, anionic, zwitterionic, and ionizable cationic SORT lipids were evaluated (FiG. 23).
First, 5A2-5C8 LNPs was generated with two additional permanently cationic lipids:
didodecvidimethvlammonium  bromide {(DDAB)  and  1.2-dimyrnistovi-so-glycero-3-
cthyviphosphocholine chionde (EPC). These hipids all contain guaternary amino groups, but
there are major chemical differences in the polar head group, linker region, and hydrophobic
domain {e.g. degree of saturation). LNPs containing 5, 15, 40, 50, and 100% BDAB or EPC
were formulated and characterized. The in vive luciferase expression profile matched that of
the DOTAP LNPs, where the luminescence activity svstematically shifted from the liver to
spleen, then to hung with increasing DDAB or EPC percentages (0.1 mg/kg, 6h}. Once the
percentage was increased to 40%, high Juciferase signal was observed exclusively in the lungs
(FIG. 23A). 1. 2-duvoyristovl-sn-glveero-3-phosphate (14PA) and sn-(3-oleoy]-2-hyvdroxy}-
glveerol-1-phospho-sn-3'-(1",2'-dioleoy-glyeerol (18BMP} was generated as representative
anionic lipids with very different structures compared to 18PA. All anionic SORT lipids
promoted exclusive delivery to the spleen (FIG. 23B).  This flexability provides ways 1o
balance multiple factors mcluding potency, selectivity, and tolerabilitv by optimizing the

SORT compound.
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Inspired by these findings, other ionizable cationic lipids were added to established
formulations. As expected, addition of DODAP or C12-200 to 5A2-5C8 LNPs did not
significantly alter tissue tropism, but surprisingly did enhance liver dehivery >10-fold at 20%
meorporation (FIG. 23C). Supplementing already established 5A2-SC8 LNPs with additional
5A2-SC% as a SORT lipid dramatically improved liver mRNA delivery, producing 107
photons/sec/cm’ at the extremely low dose of 0.05 mg/kg. SORT thus offers a new strategy to
further improve liver targeting LNP systems (F1G. 24). The effect of using zwitterionic lipids
{DOCPe and DSPC) were also evaluated as SORT hipids. While the tissue tropism was found
to move from hiver to spleen, it was not as selective compared to use of cationic or antonic

SORT lipids (FIG. 25).

To test the limits of the SORT methodology, it was examined if SORT could “activate”
otherwise inactive formulations. Indecd, supplementing a completely mmactive formulation with
DODAP or DOTAP resulted in tissue specific delivery to the spleen and lung (FIG. 26). Taking
these results together, the SORT 15 a modular and universal strategy to achieve tissue targeted
delivery.

C. SORT alters protein corona, LNP biodistribution, and apparent pkK, fo

mediate organ specific delivery
Mechanistic experniments were conducted to explore how and why mmchusion of extra

bipids in defined categories controls mBRNA delivery to different organs. It is logical that LNPs
that deliver to cells within the tungs should bicdistribute (accumulate) in the lungs. Cyv5-labeled
mRNA was delivered to track the i vive distribution of 5A2-5C8 LNPs containing SORT
lipids with tung (DOTAP guatemary amine lipid), spleen {18PA aniomic lipid and DSPC
zwitterionic lipid) and liver (BODAP ionizable tertiary amino lipid) tropism (FIGS. 27A &
28). All LNPs were injected TV at a dose of 0.5 mg/kg CyS-labeled mBNA and imaging was
performed after 6 hours. As shown in FIG, 27A, DOTAP aliered biodistribution with a
progressive increase in fung accumulation as g function of DOTAP percentage. Incorporation
of 18PA mcreased uptake into the spleen. DODAP slightly increased liver and decreased spleen
accumulation. Interestingly, there was no protein expression at all in the Hiver for lung- and
spleen-specific SORT LNPs, cven though these LNPs still accumudated mn the hiver. This
suggests that organ biodistnbution 1s required for organ specific efficacy but is not the only

factor to explain the mechanism of tissue targeted delivery.

Without wishing to be bound by any theory, it is believed that the changes m

biodistribution and activity in defined cell populations could be due to alieration of the protein
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corona, where the binding of specific protein(s) creates a functionally active biological identity.
Using guantifative mass spectroscopy analysis, 1t was found that the addition of SORT
maolecules dramatically changes both the specific proteins that most tightly bind and the overall
protein corona composition. Without wishing to be bound by any theory it is believed that lung-
specific SORT LNPs sclectively and most abundantly boand vitronectin, which can interact
with positively-charged hipids and binds avi3 integrins that are highly expressed on both
endothelial and epithehial cells of the lungs. This mechanism of endogenous targeting draws a
direct comparison to adenoviruses that exploit the ovp3 integrin to target the bronchial
epithebum. Spleen-specific SORT LNPs most tightly bound B2-glycoprotem 1, which has been
shown to interact with negatively-charged lipids and potentially plays a role in spleen
localization with immune cell populations m the spleen. It i3 worth noting that the complex
mixture of bound proteins may also play a role. This ensemble offect was also viewed as a
potential mechanism for targeting of muldtiple cell types and as a way to further earich
specificity to specific cell types within one organ using alternative SORT molecules. K has
previousiy been shown that Apolipoprotein E binds to DLin-MC3-DMA Onpattro LNPs and
that efficacy is lost in Apo E knockout animals. Thas, there 1s strong evidence that Apo E is
required for receptor-mediated targeting and uptake in hepatocytes, presumably by LDL
receptor, and that the described protein corona mechanism can control cellular spectficity and
efficacy. To see that mDELNPs also strongly associate with Apo E was therefore encouraging,
providing further evidence of their hepatocyte efficacy and strengthening the vahidity of the
protein corona assays. Liver-cohanced SORT LNPs retain Apo E binding but also are enriched
m albumin, suggesting a possible expansion of cell types within the liver. These data
cumulatively show that the chemical structure of the SORT molecule can direct a specific
protein corona that alters organ tropism and cellular specificity. Without wishing to be bound
by any theory, it is belicved that the identity of the SORT molecule can control the protein
corona identity suggesting that SORT molecules could include a sugar, a lipid, a small
molecule therapeutic agent, a vitanin, small molecules, hydrophilic molecules, hydrophobic

molecules, amphipathic molecules, peptides, protein, and the like.

The apparent / global pKa was examined because i has been established as a parameter
that correlates LINPs with functional activity. For example, it has been shown that pKa around
6.4 is optimal for deliverv to hepatocvies (Javaraman er af., 2012). The apparent pK. was
analvzed using the TNS assay for all efficacious i vive formulations (67 LNPs) (FIGS, 278

& 28, Table 1). Because SORT involves inclusion of additional charged Hpids, the resulting
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TNS titration curves capture the ionization behavior of more complex mixed species LINPs, As
such, the relative pKa was instead esttmated when 50% of normalized signal was produced.
When plotting relative pKa with respect to tissue tropism, SORT LNPs grouped into defined
apparent pKa ranges (FIG. 278). As expected, all efficacious liver targeted formulations had a
very narrow pkKs within the well-established 6-7 range (Javaraman ef o/, 2012). All lung
targeted formulations were located 1o the high pKarange (39). Conversely, spleen tropic SORT
LNPs grouped to the low pKa range (2-6). Thesc results confirm that 6-7 is optimal for delivery
to the liver but reveal the finding that high pKa mediates lung delivery and low pKa mediates
spleen delivery. It should be note that all SORT LNPs still contain iomzable cationic hipids,
which are considered useful for endosomal escape (Wittrup ef o/, 2015) due to their ability to
acquire charge. Control experiments were performed and confinmed that mclusion of an
tonizable cationic hpid was required for efficacy (FIG. 30). Thus, SORT allows retention of
the molecules with spacific microspecies pKa that are required for efficacy in desired molar
proportions, while inclusion of SORT lipids modifics the apparent pKa. Without wishing 1o be
bound by any theory, it is believed a two-part mechanism may play a role. SORT LNPs
selectively bind specific proteins in the serum that enable receptor-mediated efficacy in celis
in the lungs or spleen, very similar to how lipoprotein particles {e.g. LDL) natively transport
cholesterol. This controlled and predictable endogenous targeting mechanism enables SORT
LNPs to reach non-liver targets. The second part involves how the SORT molecules alter the
propertics of the non-hepatic targeting SORT LNPs such that they no longer possess the
physiochemical properties for iver efficacy (e.g. global/apparent pKa 6.4), which provides the
precision. It is also noted that other and more complicated factors, such as cell-specific
endocytic trafficking differences, may also play a role. Taking results into consideration, it is
suggested that the internal charges of LNP nanostructures mediate bicdistnbution and that the
apparent pKa correlates with protein expression profiles in specific organs. This particular
value may be used to continue to develop other organ-specific nanoparticies.
Table 1: Details of DDAB, EPC, 14PA, 18BMP, DODAP, C12-200, SA2-8C8, DSPC,
angd DOCPe modified mDLNP formulations (SORT LMPs), including

molar ratio and percentage of each component, weight ratios of total lipids
to mRNA, size, and PDI.
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Molar Ratios iolar Percentage {%;} Lipds! |
. mRNA " [3s ]
Name iﬁ DOPE  Chol ?ftég“ R i{g‘; DORE  Chal Eﬁ’gg" X pwtwyy | P
5% DDAB 4 18 0 3 3.318 22.82 4.52 500 40 414
155, DDAB 15 18 £ 3 112 | 20,24 405 4500 40 9.13
0% DRAB 15 58 30 3 42 | 1428 286 4000 40 543
50% DRAR 15 48 30 3 83 | 11.90 238 B0OG 40 .21
190% DR o G 2 we | 600 500 10000 40 8,23
15 5 3G 3 3.315 22.62 4.52 5.00 44 2.14
15 15 3G 3 th O] 2088 Q A0.47 408 1800 44 2,14
15 15 36 3 2| 1439 1423 2857 286 4G 4D 345
15 15 3G 3 a3 1190 14.80 2.38 [G.00 AG 247
3 B ¢ g W0 | 600 GE0 900 10000 AC 2.32
3 5 45 ) 3 3345 | 2062 2262 463 .00 A0 D48
0% 14RA 45 5 30 3 7 2143 2143 420 1006 4D 2.8
208 14PA Th g ] 3 15.73 1805 18.08 381 20.00 48 Q27
3% 4PA a8 15 20 3 @y 1 mar 1eeY 233 300G 4 042
100% 14RA { { 2} i8] 300 3.00 3.00 (.00 00 100,03 40 828
8% 1848MP 18 18 30 3 3.3t 2282 2262 A48 34 3.52 5,00 40 213
10% 14BMP 15 18 30 3 7 2143 2143 4288 423 B8040 2.0
20% 18BMP 15 8 30 3 1575 | 12.05 1806 3840 381 2000 40 042
30% 185MP 15 8 30 3 3711887 1687 3333 333 3000 40 043
100% 188MP O 0 G Q 000 006 10000 40 221
10% DODARP 15 8 3¢ 3 4288 429 TR0 44 & 3.7
20% OGDAR 15 kL) 3¢ 3 28,10 3.81 2000 44 sk 3.18
S0% DUDAP 43 15 56 3 238t 238 8600 4¢ agg 048
80% DODAR 15 15 3G 2 252 .88 8608 A G A 2.13
160% DODAR. D b 6 0 000 006 16000 40 qar8 D74
0% C12-200 15 15 30 3 4285 420 000 40 797 B
20% C12-200 4§ 15 30 3 30 AT 2000 40 W13 09
50% C12.200 15 15 30 3 2381 233 5000 AD wel 918
80% 12200 & 15 a0 3 ¢52  0.0% : 232 o
100% C12-288 { G [ 3 .00 200 25053 A
Y & 30 3 7 ) i ! .
158 i8 30 3 A 3. 40487 405 1308
15 18 30 3 15.78 12.05 18.08 3840 281 137.6
15 18 £ 3 29 11788 1788 as7i asy 126.0
15 18 30 3 27 16.57 1667 3333 333 34,7
15 8 30 3 1575 19.0% 1905 38.10 3.81 187
50% DSPL 45 15 36 3 53 1180 180 2381 238 20
30% DSPC 45 15 56 2 252 1 o4r& 4 332 095 G 10237
100% DEPC 3 i3] G ] 180 .00 {00 200 3,00 16600 A4
20% DOUPe 15 5 3¢ 3 1875 16.05% 1905 3810 3.8 iR CE A
50% DACPe 15 95 30 3 53 ] 180 1980 2381 238 5000 40
15 15 30 3 252 1 476 476 252 088 A080 40
9 G o g 100 | 000 000 GO0 000 10000 AC

3 ¥ ropresents DRAR

B,

CEFG, 1484, 18RMP, DUDAPR, $12-200, 5A2-3C8, D8P and RDOCPa,

SORT aliows lung, liver, and spleen specific gene editing following 1V

administration

Given the abibity of SORT LNPs to target specific organs, these finding were then

applied to tissue specific gene editing via IV injection. The CRISPR/Cas (clustered regularly

interspaced short palindromic repeat / CRISPR-assoctated protein (Cas)) technology can edit

the genome in a precise and sequence dependent manner and has rapidly developed for use in

diverse applications, including for potential correction of discase-causing mutations (Jingk ef

al, 2012

{00702958}
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2017, Wang er af, 2018; Amoasii ef al, 2018). Gene editing can be achieved by local
administration injections (Zuns ef ol 2015; Sun er ol 2015; Chew ef al., 2016; Staahl ef al.,
2017y, However, many serious genetic disorders arise from mutations in cells deep in organs,
where correction of specific cells will be required to cure disease. Such correction may be best
achieved by systemic administration. It has been recently reported that IV co-delivery of Cas9
mRNA and sgRNA is a safe and cffective strategy to enable gene editing (Miller ef al., 2017,
Yin ef ol., 2017, Finn ef of., 2018). To date, however, there have been no reports of LNPs

rationally engineered to edit cells 1 organs outside of the hiver,

To examine and quantify the ability of SORT LNPs to mediate orean-specific gene
editing, genetically engmeered tdTomato (tdTom) reporter mice contamning a LoxP flanked
stop cassette (Tabebordbar ef af | 2016} were utilized that prevents expression of the tdTom
protein {Staahl er o/ 2017). Once the stop cassette is deleted, tdTom flusrescence is tumed on,
allowing detection of gene edited cells (FIG. 31A). Cre recombinase mRNA (Cre mRNA)
were mnitiallv debivered to activate tdTom in edited cells. Fluorescent tissues were readily
apparent (FIG, 31B) n selected organs treated with liver, hung, and spleen selective SORT
LNPs. It should be noted that separate controls had to be used for cach experiment because
these mice have some background organ fluorccense, which is weakest in the spleen compared
to other organs (FIGS. 31C & 32). This makes detection of spleen specificity more challenging
to differentiate in the tdTom mouse model. When endogenous P7EN was subsequently edited,
spieen specific SORT LNPs showed clean DNA cutting by the T7EL assay only in the spleen
(FIG. 33¢C) without any cutting of DNA in the liver or lungs. Nevertheless, tdTom positive
cells were easily seen by confocal imaging of tissue sections (Fig. 311).

K. SORT enables high levels of editing in specific and therapeutically relevant

cell populations
Gene editing of specific cell types within the Liver, lung, and spleen using flow

cvtometry of single cells extracted from edited organs were quantified (FI1G, 31E). Liver-
specific SORT (20% DODAP) 5A2-8C8 LNPs edited ~93% of all hepatocvies m the hiver
following a single injection of 0.3 mg/kg Cre mRNA (FIGS. 31E & 34). This s the highest
level of hepatocyie gene editing reported to date. Lung-specific SORT (50% DOTAP) 5A2-
SC8 LNPs edited ~40% of all epithelial cells, ~65% ot all endothelial cells, and ~20% of
mnmune cells i the lungs at the same dose (FIGK. 31E & 38). Given that epithelial cells are a
primary target for correction of mutations in CFTR that cause cystic fibrosis, this result
cstablishes lung-specific SORT LNPs as a compelling delivery system with vomediate

application for correcting CFTR mutations. Finallv, spleen-specific SORT (30% I8PA) SAZ-
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SC8 LNPs edited ~13% ofall B cells, ~10% of all T cells, and ~20% of all macrophages (FIGS.,
31E & 36). Due to the improved selectivity over prior studies, spleen-specific SORT LNPs
could be applicable to treat non-Hodgkin's B cell lvmphoma and other immune disorders.

Although the 1mtial focus was on smgle, low dose mjection quantification, hugher levels of

(]

editing are achievable by admmistering higher doses or multiple mjections.

F. SORT aliows tissue specific gene editing via IV co-delivery of Cas9 mRNA
{ sgRMNA and by delivery of Cas9 RNPs
The ability of SORT LNPs to achieve tissue specific CRISPR/Cas gene editing via IV

co-delivery of Cas9 mRNA and sgRNA in a single nanoparticle (FIGS, 374, 38, & 39, Table
13 2) were next examined. The hiver and lung targeting SORT LNPs were mjected at a dose of 2.3
mg/kg total RNA (4.1 mRNAsgRNA, wtwi) and guantified gene editing 10 days following a
single IV injection. As shown in FIG. 37B, strong tdTom fluorescence m the liver was
observed for both the base LNP and 20% DODAP SORT LNP treated nice, and strong
fluorescence in the lung of 50% DOTAP SORT LNP treated mice. All results were consistent
15 with the Lec mRNA delivery results. Due to fast tumover of splenic immune cells in mice
{Kamath er af., 2000}, the weight ratio of Cas9/sgRNA was optimized to be 2/1 (Fig. 39) and
tested the spleen editing two days afier injection. Accounting for background autofluorescence,
bright tdTom floorescence was observed in the spleen of 30% 18PA-treated mice, and clear
T7E! cleavage bands were detected exclusively 1o DNA isolated from the spleen {no editing
20 of hiver or lungs) (FIG. 33). The fluorescence was then confirmed by imaging tissuc sections

with confocal microscopy (FIG. 37().

Next, the direct delivery of Cas9 RNPs was cxplored, which is the most challenging
strategy tor synthetic carriers. The use of permanently catiomic SORT lipids enabled Cas9
protein / sgtd Tom complexes to be encapsulated with control over tissue tropism. IV mjection

of 7% DOTAP SORT LNPs enabled liver editing, while 55% DOTAP SORT LNPs cnabled

N
(4

cxclusive lung editing (FIG. 37F). These data indicate that the described methodology enabies

biver, lung, and spleen specitic CRISPR/Cas gene editing.

To go bevond reporter mice, the ability of tissue specific LNPs to edit an endogenous

target was tested. PTEN was selected because it is a well-catablished tumor suppressor

30 expressed in most cells. Wild type C57BL/6 mice were mjected with SORT LNPs co-loaded
with Cas9 mRNA and sgPTEN (2.5 mg/kg total RNA). Generation of insertions and deletions
(indels} was quantified 10 days following a single TV injection. As shown in FIG. 37D, clear

DNA cleavage bands were observed in specific tissues by T7E] assay which demonstrated that
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both base LNPs and 20% DODAP SORT LNPs mediated cffective PTEN editing in liver, but
not at all in lung or spleen. Remarkably, 50% DOTAP SORT LNPs showed PTEN editing
cxclusively in the tungs. To further confirm F7TEN editing, H&E staiming and
mamunohistochemistry (IHC) of tissue sections was performed. As shown in FIG, 37E, cells
i tissue sections obviously displayed clear eytoplasm, which 1s a known phenotype of PTEN
loss due to hipid accumulation (Xue ef af., 2014). Moreover, negative staining of PYAN was
observed n IHC sections i both fiver and lung tissues, providing clear evidence for FTEN
editing. Although spleen specific 18PA SORT LNP editing was more challenging to
distinguish in the tdTom mouse model, clear spleen PTEN editing could be observed in wild
type mice with the optimized weight ratio of Cas9/sgPTEN {2/1) and detection tume (2 days).
No editing of BDNA 1n the liver or tungs was observed by the T7E1 assay performed on 18PA
SORT LNP injected mice (FIG. 33). Finally, SORT was applied to Cas9 RNPs and examined
endogenous editing of PTEN. As before, 7% and 55% DOTAP SORT LNPs containing Cas®
protein / sgPTEN enabled liver and hung specific editing, respectively (FIG. 37G). These
results, targeting an endogenous gene, demonstrate rationally guided tissue selective gene

cditing achieved by svnthetic carriers.

G. Materials and Methods
L Materials
3A2-SC8 (Zhou ef al., 2016}, DLin-MC3-DMA (Javaraman ef af., 2012}, and C12-200

{Love e/ al, 2010) were synthesized and purified by followmg published protocols. 1,2-
disleoyi-3-trimethylammonivm-propane (DO TAP), dimethvidioctadecylammoniom (BDAB),
1,2-dimvrnstoyl-sn-glycero-3-cthylphosphocholine (EPC), 1,2-dioleovl-sn-glycero-3-
phosphate (sodium salt) (18PA}, 1,2-dimyrnistovi-sn-glveero-3-phosphate {(sodium  salt)
(14PA}, si~(3-oleoyl-2-hydroxy)-glveerol-1-phospho-sn-3'<(1',2'-dicleovi}-glvcerol
{ammonium salt) (18:1 Homi BMP, 18BMP), 1,2-diolcoyl-3-dimethylammonivm-propane
{DODAP), 1,2-distearovl-sn-giycero-3-phosphocholine {(DSPC). 22,3~
bis{oleovioxypropylidimethylammoniojethyl ethyl phosphate (BOCPe) and 1,2-dicleoyl-sn-
glveero-3-phosphocthanclamine (DOPE) were purchased from Avanti Polar Lipids.
Cholesterol  was  purchased from  Sigma-Aldach.  L2-Dimyrstoyl-sn-glycerol-
methoxy{poly{{ethylene glyveoly MW 2000) (DMG-PEG2000) was purchased from NOF
America Corporation. £as® protein was purchased from Thermo Fisher. The ONE-Glo + Tox
Luciferase Reporter assay kit was purchased from Promega Corporation. Pur-A-Lyzer Midi

Dhalysis Kits (WMCO, 3 .5kDa) were purchased from Sigma-Aldrich. 4',6-Diamidino-2-
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phenvlindole dihydrochlonide (DAPY) was purchased trom Thermo Fisher Scientific. Cas9
mBNA was produced by in vitro translation (JVT). Cv3-labelled firefly luciferase mRNA
{Cy5-Luc mRNA), unlabeled fuefly luciferase mRNA (Luc mENA), and mCherry mRNA
were purchased from Trilink BioTechnologies. D-Luciferin (Sodmum Salt) was purchased
from Gold Bictechnology. Modified sgTom! and sgPTEN {Table 2) were purchased from

Synthego.

Tabie 2: Relative apparent pK, values of SORT LNPs measured by the TINS assay.

N MC3 and G12-200 N
mDLNP based LNPs based LNPs C1 based LNPs

R

Originat LNPs

Caticn LNP2

Artionic Lipids + LNPs

R

tonizabie Lipids + LNPs

Zwittarionie Lipids + LNPs

L Nanoparticle formation
RNA-loaded LNP formulations were formed usmg the ethanol dilution method (Zhou

et al., 2016}, The liver-targeted mBRNA formulation (mBLNP} was developed and reported in
a previous paper (Cheng ef of | 2018}, and the base formulations were prepared as previously
described (Jayaraman ef af., 2012; Love ef of., 2010). Unless otherwise stated, all hipids with
specified molar ratios were dissolved in ethanol and RNA was dissoived m 10 mM citrate
buffer (pH 4.0). The two sclutions were rapidly mixed at an aqueous to cthanol ration of 3.1
by volume (3:1, ag. .cthanol, vol:vol) to satisty a final weight ratio of 40:1 (total lipids:mRNA),
then incubated for 10 min at room temperature. To prepare SORT LNP formulations containing

anionic SORT lipids (such as 18PA | 14PA and 18BMPY, the amionie lipids were dissolved
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tetrahvdrofuran (THF) first then nuxed with other lipid components in ethanol, finally yielding
formulations with mRNA buffer (10 mM, pH 3.0} as described above. All formulations were
named bascd on the additional lipids. Taking DOTAP mDELNP as an example, the mternal
molar ratio of mDLNP was fixed as reported i a published paper with SAZ-
SC8/DOPE/Cholesterol/BMG-PEG of 15/15/30/3 (Cheng ef al, 2018). DOTAP, as the
additional hipid, was dissclved ioto the above ethanol lipid mixture with specified amount,
making the molar ratio of 5AZ-SC8/DOPE/Cholesterol/DMG-PEG/DOTAP cqual to
15/15/30/37X, then rapidly mixed with ag. mRNA solutions followmg the above standard
protocol, finally producing SORT LNPs named Y% DOTAP, where Y means the molar percent
of DOTAP in total lipids. Formulations with other additional fipids were formed similarly with
the above methods (FIG. 20 and Table 3). For Cas9/sgRNA nbonucleoprotein (RNP)
encapsalation, 1x PBS was used for formaulation and the molar ratio of Cas9 and sgRNA was
fixed at 1:3. After SORT LNP formation, the fresh LNP formulations were diluted with 1=
PBS 10 0.5 ng/ ul. mRNA (with final ethavol concentration < 3%; for in vifro assays and size
detection. For in vivo experiments, the formulations were dialyzed (Pur-A-Lyzer Midi Dhalvsis
Kits, WMCQ 3 .5kDa, Sigma-Aldrich) against 1x PBS for 2h and diluted with PBS to 15 ul/g

for intravencus {(1V) injections.

Table 3: sgRMNA sequences

Narae Sequences {3716 3%) PAM (8" 10 3%) Notes
AAGTAAAACCTCTACAAATG i
spTom] - o TGG
(SEQID NO: 1) Chemical modified sgTomi
AGATCGTTAGCAGAAACAAA and sgPTEN were selected
sgPTEN AGG

(SEQ ID NG: 2)

i, Characterization of mRNA formulations
Size distribution and polyvdispersity index (PDM) were measured using Dynamic Light

Scattering (DLS, Malvern MicroV model; He-Ne laser, 4 = 632 nm), zeta-potential was
measured after diluting with 1x PBS. To measure the apparent pKa of mRNA formulations,
the 2-(p-toluidino}-6-naphthalenesulfonic acid (TNS) assay was employed (Cheng et o/, 2018;
McLaughlin and BHarary, 1976, Bailev and Cullis, 1994; Heyes ef al, 2005), with some
modification. mRNA formulations {60 uM total lipids) and the TNS probe (2 uM) were
mcubated for 5 min with a series of buffers, containing 10 mM HEPES, 10 mM MES (4-
morpholinecthanesulfonic acid), 10 mM ammonium acetate and 130 mM NaCli (the pH ranged

from 2 5to 11}, The mean fluorescence mtensity of cach well {black bottom 96-well plate) was
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measured by a Tecan plate reader with kax =321 nm and Aem = 445 mm and data was normalized
to the vahie of pH 2.5, Typically, the apparent pKa is defined by the pH at halfomaxumim
fluorescence. Although this method was useful for estimating LNP global/apparent pK. for
most all LNPs, it could not be used for SORT LNPs containing >40% permanently cationic
limd because these LNPs are always charged. Therefore, the relative pKa was instead estimated
compared to base LNP formulation (no added SORT lipid) when 50% of normalized signal
was produced. This alternative calculation did not change the pka for most LNPs but did allow
estimation of permanently catiome SORT LNPs that agreed with experimental results for tissue
selective RNA delivery. Thus, it can be suggested that the standard TNS assay be used when
LNPs contain a single iomizable cationic lipid and the altemative 50% normalized signal
method be used for systems such as SORT that contain complex mixtures of multiple lipids
harboring a varnety of charge states.
IV,  invire luciferase expression and cell viability tests

Huh-7 or A549 cells were seeded into white 96-well plates at a density of 1x10* cells
per well the day before transfoction. The media was replaced by 150 ul. fresh DMEM medium
(5% FBS), then 50 b Luc mRNA formulations were added with fixed 25 ng mRNA per well.
After incubation for another 24h, ONE-Glo + Tox kits were used to detect mRNA expression
and cytotoxicity based on Promega’s standard protocol.

Y. Animal experiments

All animal experiments were approved by the Institution Animal Care and Usc
Commitices of The University of Texas Southwestern Medical Center and were consistent with
local, state and federal regulations as applicable. C37BL/6 mice were obtained from the UTSW
Mouse Breeding Core Facility. B6.Cg-GtROSA ) 2680y (CaG-1dTomatoi e F mice {also known as
A9 or AiY(RCL-tdT) mice} were obtained from The Jackson Laboratory (007909) and bred to
maintain homozygous expression of the Cre reporter allele that has a loxP-flanked STOP
cassette preventing transcription of a CAG promoter-driven red fluorescent tdTomato protein.
Following Cre-mediated recombination, A19 mice will express tdTomato fluorescence. A9
mice are congenic on the C57BL/6F genetic background.

/Y. Fnvive Luc mRNA delivery and biodistribution

C57BL/6 mice with weight of 18-20g, were 1V injected by various Luc mRNA
formulations at a dose of 0.1 or 0.05 mg/kg. n = 2-4 per group. Aflier 6 h, mice were
mtraperitoneal (JP} mjected with D-Luciferin (150 mg/kg) and imaged by an IVIS Lumina

system {Perkin Elmer}. For biodistribution, C37BL/6 mice were 1V injected with CvS-Luc
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mBNA formulations at a dose of 0.5 mg/kg. Ex vive imaging {CyS channel) was performed 6h
post ijection.
VH. mENA synthesis

Optimized Cre recombinase mRNA and Cas9 mRNA was produced by in vifro
transcription (IVT). Briefly, NLS-Cre fragment and Cas9 fragment were prepared by PCR
program using pCAG-CreERT2 and pSplasO(BB)-2A-GEFP (PX458) as PCR template,
respectively. Then, the these fragments were cloned into pCS2+MT vector with optinized
5°(3"y-untranslated regions (UTR) and poly A sequences. IVT reactions were performed
following standard protocols but with Nl-methylpseudouridine-5'-triphosphate replacing the
typical UTP. Finally, the mRNA was capped (Cap-1) by Vaccinia Capping Enzyme and 2°-0-

methvitransferase (NEB). Table 4 shows the primers used herein.

Table 4: Primers including the length of PCR products and their purposes
Naue Forward Primers (3” t6 3%) Reverse Primers (3 t9 3%) Length Neotes
ATATATGAATTCTTACTTTTTCTTT

ATATATOOATCCGCCACCATOOCC
Cas9 CCAAAGAAGAAGCGGAAGGTC
(SEGID NO: 3)

TFTGCCTGGCCGOCCTTTICOTGGE | | ForIVT
CGCOGGECTTTTGTCGCCTOCCAG S
(SEQ D NO: 4)

clone

CTGAGCGACATCCTGAGAGTGAAC

Cad Seq-t (SEQ ID NO: 5)

AGCAGGTCCTCTCTGTTCAG

a0 Seq-2 ,
B (SEQ [D NO. 6)

. . | GACGGCTTCGCCAACAGAAACTTC For
Ca% Seqg-3 . e . .
(SEQIDNO: 7y sequencing
- TTTGATGCCCTCTTCGATCCG to confirm
Ca% Seq-4 L
(SEQ ID NG 8) the whole
. GGGAGATCGTGTGGGATAAG Cas9
Ca% Seg-5 . DN N
(SEQIDNG: O SSQUCHCES

ACTTCTTAGGGTCCCAGTCC

a9 Seq-6 3N
Cag Seq-6 (SEQ 1D NG 10)

AAGAGAGTGATCCTGGCCGAC

a9 Seqg-7 o )
Ca9 Seq (SEQID NO: 11)

ATATATGGATCCGCCACCATGCCC
AAGAAGAAGAGGAAGGTGGCCAA | ATATATGAATTCTTAATCGCCATCT

For VT
NLS-Cre | TTACTGACCGTACACCAAAATTTG CCAGCAG 1083bp 1:’1‘0:
CCTG (SEQ D NO: 13) one
(SEQ IDNO: 12)
_ ATCCOTCTTCTCCCCATICCG GACGAGCTCGCTAATCCAGTG For T7EL
PTEN S R 638bp
(SEQ ID NO: 14) (SEQ ID N 15) assay

The code sequences for NLS-Cre and Cas9 as following:

NLS-Cre:
ATGCCCAAGAAGAAGAGGAAGGTGGCCAATTITACTGACCGTACACCAAAATTTG
CCTGCATTACCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAACCTGATGGALC
ATGTTCAGGGATCGCCAGGCGTTTICTGAGCATACCTITGGAAAATGUTICTIGTCCG
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TTTIGCCGGTCGTGGOCGGCATGOTGCAAGTTGAATAACCGGAAATGOGTITCCCGC
AGAACCTGAAGATOTTCGCGATTATCTTICTATATCTTCAGGCGCGCGOTCTGGCA
GTAAAAACTATCCAGCAACATTITGGGCCAGCTAAACATGCTTICATCGTCGGTCCG
GGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGCGGCGTATCCG
AAAAGAAAACGTTGATGCCGOTGAACGTGCAAAACAGGUTCTAGCGTTCGAALG
CACTGATTTCGACCAGUGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGAT
ATACGTAATCTGGCATTICTGGGOGATTGCTTATAACACCCTGTTACGTATAGCCG
AAATTGCCAGGATCAGGGTTAAAGATATCTCACGTACTGACGOGTGGGAGAATGT
TAATCCATATTGGCAGAACGAAAACGCTGOGTTAGCACCGCAGGTGTAGAGAAGG
160 CACTTAGCCTGGGUGGTAACTAAACTGGTCGAGCGATGOATTTCCGTCTCTGGTGT
AGCTGATCGATCCGAATAACTACCTGTTITIGCCGOGTCAGAAAAAATGOTGTIGCC
GCGCCATCTGUCACCAGCCAGCTATCAACTCGUCGCCCTGGAAGGGATTTTTIGAAG
CAACTCATCGATTGATTTACGGCGCTAAGGATCGACTCTGGTCAGAGATACCTGGE
CTGOGTCTGGACACAGTGCCCOTGTCGOAGCCGCGCGAGATATGGCCCGCGCTGH
15 AGTTTCAATACCGGAGATCATGCAAGCTGGTGOGCTGGACCAATGTAAATATIGTC
ATGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTG
GAAGATGGCGATTAA (SEQ ID NO: 16)

W

SV40 NL5-Cag9-Nucleoplasmin NLS:

20 ATGGCCCCAAAGAAGAAGCGGAAGGTCGOGTATCCACGGAGTCCCAGCAGCCGALC
AAGAAGTACAGCATCGOCCTGGACATCOGCACCAACTCTGTGGGCTGGGCCOGTG
ATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACC
GACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTICGACAGCGGT
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAG

25 ACGGAAGAACCGGATCTGCTATCTGUAAGAGATUTTCAGCAACGAGATGGUCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGA
TAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTA
CCACGAGAAGTACCUCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCAC
CGACAAGGCCOGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTC

30 COGGGCCACTTICCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGAC
AAGCTGTTICATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCC
ATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAG
AGCAGACGGCTGGAAAATCTGATCGCCCAGUTGCCCGGUGAGAAGAAGAATGGC
CTGTTCGGAAACCTGATTIGCCCTGAGCCTGGGUCTGACCCCCAACTTCAAGAGCA

35  ACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACG
ACGACCTGGACAACCTGCTGOGCCCAGATCGGCGACCAGTACGCCGACCTGTTITCT
GGCCGCCAAGAACCTGTCCGACGCCATCCTGUTGAGCGACATCCTGAGAGTGAA
CACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGA
GUACCACCAGGACCTGACCCTGUTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGA

40 GAAGTACAAAGAGATTITICTTCGACCAGAGUAAGAACGGCTACGUCGGCTACAT
TGACGGCGGAGCCAGCCAGGAAGAGTTICTACAAGTTCATCAAGCCCATCCTGGA
AAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCT
GCGOAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGEG
AGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGAC

45 AACCGGGAAAAGATCGAGAAGATCCTGACCTTICCGCATCCCCTACTACGTGGGC
CCTCTGGCCAGGGGAAACAGCAGATTCGCUTGGATGACCAGAAAGAGUGAGGA
AACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCA
GAGCTTCATCGAGCGGATGACCAACTTICGATAAGAACCTGCCCAACGAGAAGGT
GCTGCCCAAGCACAGCCTGCTGTACGAGTACTICACCGTGTATAACGAGCTGACC

50 AAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCOTTCCTGAGCGGCGAG
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CAGAAAAAGGCCATCGTGOACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTG
AAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTICGACTCCGTGGAA
ATCTCCGGUGTGGAAGATCGOGTTCAACGCCTCCCTGGGCACATACCACGATCTGC
TGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTC
TGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGG
AACGOGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGUTGA
AGCGGCGGAGATACACCGOCTGOGGCAGGCTGAGCUGGAAGCTGATCAACGGC
ATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATITCCTGAAGTCCGACGGC
TICGCCAACAGAAACTTICATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAG
10 AGGACATCCAGAAAGCCCAGGTGTCCGOGCCAGGGCGATAGCCTGCACGAGCACA
TTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGUATCCTGCAGACAGTGA
AGGTGOTGGACGAGCTCGTGAAAGTGATGOGCCGGCACAAGCCCGAGAACATOG
TCGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGC
CGCGAGAGAATGAAGUCGUGATCGAAGAGGGCATCAAAGAGCTGOGGCAGCCAGAT
15 CCTGAAAGAACACCCCOGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCT
GTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAA
CCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTICTGAAGGAC
GACTCCATCGACAACAAGOTGUTGACCAGAAGCGACAAGAACCGGGOLAAGAG
CGACAACGTGUCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCA
20 GUTGCTGAACGUCAAGUTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGC
CGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCT
GOTGGAAACCCGGCAGATCACAAAGCACGTGOGCACAGATCCTGGACTCCCGGAT
GAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCAC
CCTGAAGTCCAAGCTGOTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTG
25 CGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGLCGTOGTG
GGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGC
GACTACAAGGTGTACGACGTGCGGAAGATCGATCGCCAAGAGCGAGCAGGAAAT
CGOGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTITICAAG
ACCGAGATTACCCTGOCCAACGGCGAGATCOGUGAAGCGOGCCTCTGATCGAGACA
30 AACGGCGAAACCGGUGGAGATCGTOTGGUGATAAGGGCCOGOGGATTTTGCCACCGTE
CGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAG
ACAGGUGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGUGATAAGCTG
ATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCC
ACCGTGGCCTATTCTGTGCTGOGTGOTGGUCAAAGTGGAAAAGGGCAAGTCCAAG
35 AAACTGAAGAGTGTGAAAGAGCUTGCTGGGGATCACCATCATGGAAAGAAGCAG
CTTCGAGAAGAATCCCATCCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGE
CCGGAAGAGAATGCTGGLCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGC
CCTGUCCTCCAAATATOTGAACTTCCTGTACCTGOGUCAGUCACTATGAGAAGCTG
40 AAGGGUTCCCCCGAGGATAATGAGCAGAAACAGUTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATC
CTGGCCGACGCTAATCTGGACAAAGTGCTOGTCCGCCTACAACAAGCACCGGGAT
AAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAAT
CTGGGAGCCCCTGCCGCCTICAAGTACTTTIGACACCACCATCGACCGGAAGAGGT
45  ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCG
GCCTOGTACGAGACACGGATCGACCTGTCTCAGCTGOGAGGUGACAAAAGGCCGG
CGOGCCACGAAAAAGGUCGGUCAGGCAAAAAAGAAAAAGTAA (SEQ ID NGO 17)

W

50
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VI Western blot
The guality of IVT Cas9 mRNA was analvzed bv western blot. 2937 cells were seeded

into 12-well plate with the density of 12107 cells per well the day before transfection. Cells
were treated with various formulations i 600 ul total volume for another 24 h, including

5 mCherrv mDLNP (0.5 pg mRBRNA per well), mCherry mDLNP (1.0 pg mRNA per welh), IVT
Cas9 mDLNP (0.5 pg mRMNA per well), IVT Cas? mDLNP (1.0 ug mRNA per well) and
Lipofectamine2000/Cas® pDNA (0.5 ug pDNA per well}. After washing three times with 1x
PBS, 100 pL lysis buffer (50 mM Tris HCL pH 7.4, with 150 mM NaCl, 1 mM EDTA and 1%
TRITON X-100) and 1 pL protein inhibitor cocktail (100x, Thermo Fisher) were added mto

10 each well and rocked for 20 min at RT. Cell lysates were collected mto 1.6 mL tubes and
centrifuged for 10 min {13,000 g) at 4 °C. Supematants were collected into new tubes and
stored i -80 °C if not used immediately. Before cxecuting a western blot, protein
concentrations were measured using a BCA assay kit {ThermoFisher). Fifteen microgram total

proteing were loaded and separated by 4-20% polvacrvlamide gel (ThermoFisher). Separated

[
(v

proteing were then transferred into polyvinylidene membrane {BioRad) and blocked by 5%
BSA (dissolved in PBST) for 1 h at RT. Primary antibodics were applied overmight at 4 °C.
After washing four imes using PBST, the membrane was incubated by secondary antibody for
1 h at RT then imaged with ECL substrate after washing four times by PBST (ThermoFisher).
IX.  Gene editing {Cre mRNA) in Td-Tomato mice model

20 Cre mRNA formulations were prepared as described above and performed 1V injections
(0.3 mg/ke Cre mRNA}. After two days, mice (n = 4 per group} were sacrificed and major

organs were imaged by VIS Lumina systern (Perkin Elmer).

X. Cell isolation and staining for flow cytometry

To test the Td-Tomato™ cells in cell tvpes of each organ, cell isolation and staining was
25 performed afier 2 days of treatment with Cre mRNA formulations (0.3 mg/kg), then analyzed

by flow cytometry.

For hepatocyte isolation, two-step collagenase perfusion was executed as described
betfore (Cheng ef arf., 20183, Briefly, mice were anesthetized by isofluorane and fixed. Perfusion
was started with liver perfusion medium (Themmo Fisher Scientific, 17701038} for 7-10 min,

30 then switched to liver digestion medium {Thermo Fisher Scientific, 17703034) for another 7-
10 min. The liver was collected mnto a plate containing 10 mL of hiver digestion medium and
cut to release the hepatocyies. Then the released hepatocytes were collected and washed twice

with hepatocyte wash medium {Thermo Fisher Scientific, 17704024 and once with Ix PBS.
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Afier further isolated by straining and low speed (50xg) centrifugation, the hepatocvies were

analyzed by FACS Arta H SORP machine {BD Biosciences).

For isolation and staining of spleen cell types, the removed spieen was minced up by a

sterile blade and homogenized i 250 gL of 1x digestion medium (45 wmts/pl Collagenase 1,

5 25units/ul BNAse and 30 units/pL Hyaluronidase}. The spleen sohution was transferred into
a 15 mL twbe that contained 5-10 mL of 1= digestion medium. Next, the spleen solution was
filtered using a 70 um filter and washed once with 1x PBS. A cell pellet was obtained by
centrifuging for 5 min at the speed of 300xg. The supernatant was removed and the cell pellet

was resuspended in 2 mL of 1x RBC lysis buffer (BioLegend, 4206301) and incubated on ice

10 for 5 mun. Afier incubation, 4 mL of cell staining buffer (BioLegend) was added to stop RBC
tysis. The solation was centrifuged agam at 300xg for 5 mun to obtain a cell pellet. The single

cells were resuspended in cell staining buffer and added imto flow tubes that contained
antibodies (100 uL total volume). The cells were incubated with antibodies for 20 min in the

dark at 4 °C. The stained cells were washed twice with 1 mL Ix PBS, then resuspended n 500
15wl 1x PBS for flow cytometry analysis. The antibodies used were Pacific Blue anti-mouse
D45 (Biolegend, 103126), Alexa Fluor 488 anti-mous¢/human €D1lb (Biclegend,
101217), Alexa Fluor 647 anti-mouse CD19 (Biolegend, 115522) and Per(CP-Cyanine3 5
Anti-Mouse CD3e¢ (145-2C11H (Tonbo Biosciences, 63-0031). Ghost Dyve Red 780 {(Tonbo

Biosciences, 13-0865-T500) was used to discriminate live cells.

20 For isolation and staining of lung cell types, 1solated lungs were minced up by a sterile
blade and then transferred mto 15 mL tube that contained 10 mL 2x digestion medium (90
vnits/pl, Collagenase I, 50 units/ul BNAse [ and 60 units/ul Hvaluronidase) and incubated at
37 °C for Th with shaking. Aficr incubation, any remaining fung tissue was homogenized. The
following steps were similar with the spleen protocol described above. The antibodics here

25 used were Pacific Blue anti-mouse CP45 {Biolegend, 103126), Alexa Fluor 488 anti-mouse
CD31 (Biolegend, 102414) and Alexa Fluor 647 anti-mouse CI3326 (Ep-CAM) (Biol.egend,
118212). Ghost Dyve Red 780 (Tonbo Biosciences, 13-0865-T500) was used to discriminate
hve celis.

Xi.  Gene editing (Cas? mRNA/sgRNA and Cas®/sgRNA RNPs) in Td-

30 Tomato mice model
To evaluate in vivo gene editing, Td-Tom mice were selected for comparable weight

and same sex. Cas9 mRNA and sgRNA was co-delivered to tdTomato (td-Tom) mice. Cas9

mRNA/sgToml (4/1, wi/wt} were co-delivered by varous formulations with the total RNA
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dose equal {0 2.5 mg/keg. 10 days followng IV injection, the main organs were removed and
mmaged on an VIS Lumina system. For spleen-targeted formulations, the total RNA dose was
4 mg/kg and the weight ratio of Cas9 mRNA to sgTom 1 was 2/1, with a detection time was 2

days. For RNP delivery, the mole ratio of Cas9 protein to sgRNA was fixed at 1:3, the injection

(]

dose was 1.5 mg/kg RNA, and the detection time was day 7 after igjection (n = 2-4 per group).
To confirm Td-Tom expression, tissuc sections were further prepared and imaged by confocal
microscopy. Bricfly, tissue blocks were embedded mto optimal cutiing temperature compound
{(OCT) (Sakura Fmetek) and cvro-sectioned (8 pm) on a Cryvostat instrument (Leica
Biogystems}. Mounted tissue slices were stained with 4,6-diamidino-2-phenviindole (DAPL
10 Vector Laboratones) before imaging by confocal microscopy on a Zeiss LSM 700.

XIL  Gese editing (Cas® mRBRNA/sgPTEN and Cas9/5gRNA RNPs) in

CS7BL/6 mice
To examine endogenous gene editing i vive, PTEN was selected. Wild type CS7BL/S

mice were IV injected with varicus carriers by co-delivery of Cas® mRNA and modified
15 sgPTEN atatotal dose of 2.5 mg/kg (4/1, mRNA/sgRNA, wiiwt) (o= 2-4 per group). After 10
davs, tissucs were collected, and zenomic DNA was extracted using a PureLink Genomic DNA
Min: Kit (ThermoFisher). For spleen-targeted formulations, the total RNA dose was 4 mg/kg,
Cas% mBRNA/sgToml was 2/1 {(wi/wt), and the detection time was 2 days after injoction. For
RNP delivery, the mole ratio of Cas?® protein to sgRNA was fixed at 1.3, the mjection dose was
20 1.5 mg/kg RNA, and the detection time was day 7 after injoction (n = 2-4 per group). After
obtaining PTEN PCR products, the T7E1 assay (NEB} was performed to confinm gene editing
efficacy by the standard protocol. Furthemmore, ¢valuation of PTEN editing was executed on
tissuc sections by H&HE staining and immunochistochemistry (JHC). Briefly, paraformaldehyde

(PFA) fixed tissues were embedded in paraffin, sectioned and H&E stained by the Molecular

o
[

Pathology Core at UTSW. The 4 pm sections were performed in the standard fashion and

detected with Elite ABC Kit and DAB Substrate (Vector Laboratories) for IHC.
Example 9:  Formulation Using Neutral Buffer

Cas9 RNPs was observed to denature in acidic buffer, resulting i an increase of
hyvdrodynamic size from 10 nm to 150 nm (FIG. 40B). This makes RNP encapsulation mto

30 monodisperse nanoparticles difficult if not impossible. These studies focus on hipid
nanoparticles (LNPs) because they are the most efficacious class of RNA delivery carders
{(Wang ef al., 2017; Doudna & Charpentier, 2014; Hajj & Whitchead, 2017, Sander & Joung,

2014} m preclimical models and in humans (Wood, 2018). Among the four components of
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LNPs fionizable cationic hipids, zwitterionic phospholipids, cholesterol, and poly{ethylene
glveol) (PEG) lipids)], iomizable cationic lipids with pKa around 6.4 are useful for activity
because they bind negativelv charged RNAs at the pH of mixing (e.g. pH 4 when the amines
are protonated), lose charge at neutral pH before cellular uptake, and then acquire charge again
as the pH 1in endosomes decreases to fuse with endosomal membranegs and enable release of
cargoes to the cytoplasm. However, this feature prevents effective encapsulation of cargoes at
neutral pH because ionizable cationic lipids are uncharged at neutral pH. To overcome this
challenge, the addition of a S component, specifically a cationic lipid that would be posttively
charged at neutral pH, would allow for encapsulation of RNAs and proteins using neutral
buffers {instead of acidic buffers), thus preserving the tertiary structure and stability of RNPs
(FIG. 40A).

To evaluate this strategy, SAZ-5(8 was sclected as the ionizable cationic lipid because
5A2-SC8 LNPs safely deliver short siRNAs/miRNAs and long mRNAs to mice with
compromised hiver function, including AFYC-driven liver cancer (Zhou e af., 2016; Zhang er
al., 2018a; Zhang er al., 2018b) or genetic knockout of fumarylacetoacetate hydrolase (FAH)
{Cheng ef ¢l , 2018). Introduction of a permanently cationic lipid {¢.g. DOTAP) mto traditional
4-component SAZ-5CE LNP formulatons indeed allowed controlled self-assembly 1o occur by
mixing an ethanol solution of hipids with a PBS solution of RNPs (1/3, v/v). The incorporation
of DOTAP was evaluated from 5 to 60 mole % of total lipids {FIG. 41), which revealed higher
levels of gene editing at 10-20% i virro and formation of stable KNP-loaded nanoparticies
with size <200 nm (FIG. 42). Initially using sgRNA targeting reporter Luciferase (sglhuc), the
size of LNPs with 10 mole % DOTAP incorporation (SA2-DOT-1¢: 5A2-
SCE/DOPE/Chol/DMG-PEG/DOTAP = 15/15/30/3/7 (mol/mol}) was observed, prepared
using PBS buffer were slightly larger than nanoparticles without RNP loading. Identical LINPs
prepared using low PH buffer did not change size, implying that RNPs were not encapsulated
(FIG. 40C). To determing the optimal mole ratic between Cas9® protein and sgRNA,
Cast/sgRNA complexes at 1/1, 1/3 and 1/5 (mol/mol} were prepared, which decreased RNP
size {(FIG. 400} and increased negative charge (FIG. 40F). The RNP ratio did not alter the
size or zeta potential of the resulting LNPs after encapsulation (Fig. 1E, 1G). The surface
charge of all LNPs was neutral, which not only indicates successful encapsulation, but is alse
uscful for mimimizing i vive uptake by the immune mononuciear phagocyte system (MPS)
gystern. To further examine whether SA2-DOT-10 could successfully mediate dehiverv of

RNPs into the nucleus, LNPs with encapsulated fluorescent EGFP-fused Cas9 protein were
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tracked. Free RNPs alone were unable to enter cells, as no green tluorescence above
background was detectable (FIG. 43). Bright green fluorescence was observed in the
cvtoplasm of cells after SAZ-DOT-10 treatment for 3 hours. EGFP~fused Cas9 proteins were

then observed to gradually enter the nucleus within 6 hours (FIG. 46H) due to the presence of

(]

nuclear focalization signals on Cas9. Endocytosis was energy dependent and mainly dependent
on hipid rafts, as treatraent of MBCD, an inhibitor of lipid rafi-based endocyiosis, significantly

imhibited cellular uptake of nanoparticies (FIG. 461).

To quantity gene editing eofficacy, Hela-Luc and Hela-GFP reporter cells were

employed. Examining different Cas9/sgluc ratios, gene editing was higher at 1/3 and 1/5 (Fig.

10 44A) The result of a T7 Endonuclease 1 {T7EL assay demonstrated that most all target DNA
bands (720bp} were cut into two cleavage bands (536bp and 184bp). No cleavage bands were
observed with control treatment groups. To test the hypothesis that neutral pH buffer is required

to encapsulate RNPs with preservation of Cas9 function, the gene editing efficiency of 5A2-
DOT-10 prepared using pH 4 citrate buffer was also evaluated. No cleavage bands were

15 observed at all (FIG. 44A). The negative result was further confirmed by Sanger sequencing,
providing additional evidence that the conventional acid-based formulation methods could not
produce efficacious NPs. Switching to GFP-expressing cells, 3A2-BOT-10 encapsulating
Cas%/sgGFP induced Indels mto GFP DNA and knocked out nearly all GFP expression.
Control groups exhibited similar fluorescence mtensity with PBS-treated cells (FIG. 44B),

20 which was confirmed by flow cytometry (FIGS, 44C & 435} Permanent gene editing was
apparent by an indefinite loss of GFP in growing cclls and confirmed by Sanger sequencing,
where Inference of CRISPR Edits (ICE) analysis showed that mdels reached 953% (FIG. 4413).

With an eye towards clinical translation, RNP-loaded SA2-DOT-10 stability was momtored at

4 °C for 2 months. ENPs did not change size and remained vniform (PDI<0 2} (FIG, 44G).

25 Continwal testing of 5A2-DOT-10 nanoparticles revealed constant gene editing activity, even

after 60 davs storage (FIG. 44H).

The strategy of adding a permanently cationic Epid into classical 4-component LNPs

to achieve efficient RNP delivery was not himited to the dendrnmer-based ionizable hipid, SA2-

SC8. To prove this, supplemental DOTAP was included mto nanoformulations prepared uvsing

30 other classes of ionizable materials: the well-known DLin-MC3-DMA lipid used in FDA-
approved Onpattro (Wood, 2018) and the C12-200 lipidoid (FIGS. 46A-B). Even though they

have very different chemical structures compared to SA2-SCR (FIG. 460), all DOTAP-

modified nanoparticles could efficiently edit cells whereas previousty gstablished C12-200 or
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MC3 formulations without DOTAP showed low editing efficiency (FIG. 44E). 5A2-DOT-10
also achieved higher editing efficiency than the positive control RNAIMAX, Because 5A2-
DOT-10 LNPs were more cofficacious than MC3-DOT-10 and C12-200-DOT-10, all
subsequent experiments were performed using 3A2-5C8. In addition to DOTAP, other cationic

lipids, including DDAB and EPC, were also introduced into LNP formulations (FIGS. 46E-

(]

(). The results were similar for all three cationic Epids with different chemical structures (FIG.
46H). These results indicate that this strategy is universal for ionizable cationic hipid
nanoparticles (DLNPs, LLNPs, SNALPs} and tor other cationic lipids that are positively
charged at pH 7.4, Because this methodology aliowed adjustment of the FDA-approved
10 Onpattro formulation to enable delivery of RNPs, this approach offers different directions for

chinically translatable treatment of human discases.

A key to successful RNP delivery is replacement of the standard acidic butfer with PBS
buffer to maintain protein stability. To test if this methodology 1s compatible with other neutral
buffers, LNPs mn PBS, Opti-MEM medium, and HEPES were formulated. Formulations

15 prepared in citrate buffer (pH 4} were used as a control (FIG. 461). Significant and equivalent
gene editing (>90%) was achieved using LNPs prepared in all three neutral buffer conditions,
but not in acidic buffer (FI1G., 44F). ICE analysis of sequencing results was consistent with that

shown by flow cvtometry (FIG. 46K).

To examine 7 vivo gene editing, 5A2-DOT-10 encapsufating Cas9/sgTOM complexes

20 to the Td-Tomato mouse model (FIG. 47A) were delivered. In these mice, CRISPR-mediated
deletion of the Lox-Stop-Lox cassetie toms on downstream tdTom expression in successfully
edited cells. SAZ-DOT-10 LNPs loaded with Cas9/sg TOM RNPs were injected into the left leg

of mice by intramuscular injection at dose of 1 ma/kg sgTOM. Due to previous use for direct
mjection gene editing, (Zuris ef ¢, 2015) RNAIMAX complexed with Cas%/sgTOM RNPs

25 was used for comparison. Higher Td-Tom fluorescence was observed in the muscle treated
with 5A2-DOT-10 than in mice treated with RNAIMAX (FIG. 47B). Imaging oftissue sections
further confirmed gene editing producing brighter red fluorescence in the 5A2-DOT-10
treatment group (FEG, 47C). SAZ-DOT-10 wers injected into the brains of Td-Tom mice (0.15
meg/kg of sgTOM). Again, bright red signal was observed near the injection site, confirming

30 editing of mouse brains (FiG. 47D-E).

The improved stability and efficacy of SAZ-BOT-10 could mediate successful systemic
gene editing n tissues were evaluated. To examine this strategy for RNP delivery, LNPs were

prepared with ditferent molar percentages of DOTAP (5-60%) and delivered RNPs to Td-Tom

60702958 114



(]

10

WO 2020/051223 PCT/US2019/049565

mice IV (1.5 mg/kg of sg TOM). Td-Tom fluorescence was observed exclusively in the liver 7
davs following injection of SA2-DOT-5. lncreasing the incorporated DOTAP percentage from
5 to 60 % resulted in gradual fluorescence (CRISPR-guided gene editing} from liver to lung.
SA2-DOT-60 enabled mainly hung editing (FIG. 47F). These results indicate that deep tissue
editing can be achieved in a tissue-specific manner by adjusting the inner lipid component
chemistry and molar ratios. Tissue-specific editing was further confirmed by confocal imaging
of tigsue sections (FIG. 47G). The editing of an endogenous target, Pren, were then evaluated
by systemically injecting LNPs encapsulating Cas%/sgPTEN RNPs into wild-tvpe C57BL/6
mice. Clear T7EI cleavage bands were only detected in liver for SA2-DOT-5 treated mice and

in the lungs for SA2-DOT-50 and 5A2-BOT-60 treated miuce (FIG. 47H).

To evaluate whether it is possible to simultancously edit multiple genes in vivo, Cas9
protein and six different sgRNAs into 3AZ-DOT-50. sgTOM, sgP53, sgPTEN, sgEmi4, sg ALK
and sgRB1 were loaded into Cas9 proteins were encapsulated. Td-Tom mice with SA2-DOT-
50 (Pool) by tail vein mjection (0.33 mg/kg of cach sgRNA) were then treated. Afier one week,
bright Td-Tom fluorescence was detected in the lungs, mdicating gene editing of TOM (FIG.
471}, Clear T7E] cleavage bands were observed at all other 5 genome loct. demonstrating 5A2-
DOT-50 were able to edit owultiple genes simultancously and effectively (FIG. 47.J) at low
doses. Quantification analvses revealed editing efficiencies of targets up to 22% (FIGS. 47 &
48) in the lungs. The sgRNAs with end modifications of the first and last 3 mucleotides were
used herein to enhance sgRNA stability and reproducibility (FIG. 49) (Finn e of., 2018;
Hendel ef af., 2015). Reports have shown that precise modifications to additional nucleotides
can increase in vivo gene editing 2- to 4-fold compared to end-modified sgRNAs, (Finn ef af.,
2018; Yin ef af., 2017) suggesting that the editing efficiencies reported herein could be higher
with further sgRNA optimization. Nevertheless, the high potency and tissue specificity of SAZ-

DOT-30 allowed for simultancous editing of 6 targets i the lungs with one injection.

Animal models arc traditionally gencrated by transgenesis or genc engineering in
embryonic stem cells, which is time consuming and costly. Direct mutation of tumor- and other
diseasc-related genes in adult mice using CRISPR/Cas provides a feasible approach for rapid
generation of models. This has only been accomplished using costly leativiruses that must be
engineered for cach target and by hvdrodvnamic injection into the biver (Xue er al., 2014;
Maddalo ef o/, 2014). Since mutation of multiple genes is typically required to generate
functional cancer models, the development of an inexpensive and effective non-viral

nanoparticle-based approach for multiplexing is highly desirable. Since SAZ-DUT-X LNPs are
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potent, can simultancously edit multiple targets, can be administered repeatedly, and provide

tissue specificity, they provide a path to generate a wide variety of ammal models.

SA2-DOT-3 were emploved to simultancously knockout three tumor suppressor genes

(P53, PTEN, and RB1} selectively in the liver. These gencs have been identified in many

5 human cancers, mchiding liver. C57BL/6 mice were treated with weekly 1Y injections of 2.5
mg/kg total sgRNA for 3 weeks and detected the gene editing efficiency in mice livers (FIG.
48A). The clear cleavage bands at all three gene loci were observed after treatments of 2, 12,

15, and 20 weeks by TTEL assay (FIGS, 48B, 50, & 51). The cleavage bands were much
brighter as time progressed, indicating tumor growth. When the mice were sacrificed at 135

10 weeks and 20 weeks, visible tumors were found on the hiver, together with several metastatic
tamors in the abdominal cavities (FIGS, 48C & 52). The tumor generation by H&E staining

and HC staining targeting tumor proliferation biomarker Kio7 (FIGS. 48D & 53) weie also

detected at various time points,

To generate a challenging lung cancer mouse model, the Eml4-Alk chromosomal

[
(v

rearrangement was focused on, which is a complex mutation found in many sohid human
twmors, especially non-small cell lung cancers (Maddalo er o/, 2014; Blasco er o, 2014). The
Eml4-Alk fusion protem generated afier rearrangement between Eml4 and Alk promotes
cancer development. Exploiting the high potency and lung-targeting specificity of 3A2-DOT-
50, once (at dose of 2 mg/ks of total sgRNA) or twice (at dose of 1.5 mg/ke of total sgRNA,
20 weekly) IV doses were injected and evaluated the tumor generation process (FiG. 48E). Indel
generation was detectable at all examined time points from extracted lung DNA from mice in
both groups (FIGS, 48F & 34 Clear gene rearrangement bands were detected in the luags of
SA2-DOT-50-treated nmuce, confirming successfully generated chromosomal rearrangemenis
{(FIGS, 48F & 54). The Emi4-Alk rearrangement bands were much brighter as time progressed,
25 suggesting proliferation of edited cells. The sequencing results afer sub-cloning of these PCR
amplicons further contirmed the Eml4-Alk recarrangements (FIGS. 48G & 54). Scveral tumor
lestons were observed m the lungs after 16 weeks and 24 weeks from H&E staming and Ki67
staining {FIGS. 48H, 55, & 56). These results show that a single injection of 5A2-BOT-50
LNPs could successfully generate chromosomal rearrangements and lead to lung tumor
30 generation in adult mice. These LNPs are therefore positioned to accelerate in sifu creation of

a variety of disease models.

B. Baterials and Methods
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i. Baterials.

SAZ-SCE (Zhoueral, 2016), DLin-MC3-DMA (Jayaraman er of., 2012}, and C12-200
{Love ef al., 2010) were synthesized and punfied by following published protocols. 1,2-
dioleoyl-sn-glyeero-3-phosphoethanclamine  (BOPE), 1,2-dicleovl-3-trimethylammonium-
propane {DOTAP), dimethyldioctadecvlammoniam (DDAB), 1,2-dimyristovi-sa-glvecero-3-
cthviphosphocholine (EPC), and 1,2-distearoyi-sn-glycero-3-phosphocholine (DSPCY were
purchased from Avanti Polar Lipids. Cholesterol was purchased from Sigma-Aldnch. 1,2-
Bimyristovl-sn-glvecerch-methoxy{poly{{cthvlene glyveoly MW 2000} (DMG-PEG2000) was
purchased from NOF America Corporation. The ONE-Glo + Tox Luciferase Reporter assay
kit was purchased from Promega Corporation. Pur-A-Lyzer Midi Dhalysis Kits (WMCO,
3.5k D) were purchased from Sigma-Aldrich. 4 6-Biamidino-2-phenylindole dihvdrochlonde
{DAPL, Hoechst 33342, DLS Ultramicro cuvettes, Lipofectamine RNAMAX Transfection
Reagent, and Lab-Tek chambered cover glass units were purchased from Thermo Fisher
Scientific. Cas9 protein and Ki-67 monoclonal antibody was purchased from Thermofisher.
GenCrispr NLS Cas9-EGFP Nuclease was purchased from GenScript. Modified sgRNAs were

purchased from Synthego.
. Cas9/sgRNA complex preparation.

Separate solutions of Cas9 proteins and sgRNAs m the notated buffers were mixed
together at equal volumes. After mixing, the RNPs were allowed to form over 5 nunutes of
mcpbation at room temperature for full Cas9/sgRNA complex self-assembly. The mole ratios

of CasY protein to sgRNA vsed were 1/1, 1/3 and V5,

Bl Optimized nanoparticle formulations and Characterization.

Ionizable cationic Hipids (SA2-8C#, C12-200, or DLin-MC3-DMA) (Zhou et /., 2016;
Jayaraman ef al., 2012; Love ef af., 2010), zwitterionic lipids (DOPE or DSPC). cholesterol,
DMG-PEG, and permanently cationic lipids (BOTAP, DDAR, or EPC) were dissolved m
cthanol at given molar ratios. Cas%sgRNA complexes were dissolved in 1+ PBS buffer. The
CasY/sgRNA RNP complexes solution in PBS buffer was pipetie mixed rapidly into the lipids
solution in cthanol at a volume ratio of 3:1 (Cas9/sgRNA RNPs:lipids, v/v), such that the
weight ratio of total lipids to sgRNA was 40:1 (wt), then incubated for 15 min at room
temperature. Afterwards, the fresh formulations were directly characterized and used for in
vitro assays. For amimal experiments, the formulations were dialyzed (Pur-A-Lyzer Midi

Dhalysis Kits, WMCO 3 5kDa) against ix PBS for 1h to remove cthanol before topical
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mjections (intra-muscle or intra-brain injection) or systemic injection (intravenous injection).
The size distribution and zeta potential of nanoformulations were measured using Dynamic

Light Scattering (DLS, Malvemn; He-Ne Laser, & = 632nm; detection angle = 173°).

V., RNAIMAX formulations.
For preparation of RNAIMAX complexing RNPs, the Cas%/sgRNA complex was
prepared in Opti-MEM and nuxed gently with Lipofectamine RNAIMAX Transfection
Reagent diluted m Opti-MEM (at dose of 1pLl RNAIMAX/ ug sgRNA). The muxture solution

was incubated at room temperature for 30 munutes to complete the complexation.

V. Standard LNP formulations.

For preparation of C12-200 and MC3 LNPs encapsulating RNPs, Cas®/sgRNA RNP
complexes solution in citrate buffer {pH 4.0} was pipette muixed rapidly into the lipids solution
1 cthanol at a volume ratio of 3:1 (Cas9/sgRNA RNPs : total lipids, v/v), such that the weight
ratio of total lipids to sgRNA was 40: 1 (wt/wt), then incubated for 15 mum at room temperature.
The molar ratic of C12-200/DOPE/Chol/DMG-PEG was 35/16/46.5/2 5 for C12-200 LNPs;
the molar ratio of PLin-MC3-DMA/DSPC/Chol/DMG-PEG was S0/16/38.5/1.5 for M{3
LNPs.

VI,  Cellular uptake and uptake mechanism of 5A2-BOT-10 CasY/sgluc
treatment.

To examine cellular uptake, Hela-Luc cells were sceded into Lab-Tek Chambered
Coverglass (& wells) at a density of 2x10* cells per well and incubated at 37 °C overnight.
Then, the old media was replaced with 150 ub of fresh DMEM containing 10% FBS and treated
with 50 pl of SA2-DOT-10 encapsulating Cas9-EGFP/sghuc RNPs (9 oM of sgRNA per
well), At 1h, 3h, 6h, and 24h after treatment, cells were washed three times with PBS and
statned with Hoechst (0.1 mg/mL} for 15 min at 37 °C, then imaged by confocal microscopy

{Zciss LSM 700}

To examine the optake mechanism, assayvs of specific mhibition on endocytosis
pathways were evaluated using Hela-Luc cells. 5A2-DOT10 only treatment was used as a
control. HeLa-Luc cells were seeded at a density of 5x10° celis per well in 12-well plates and
meubated 1 DMEM complete medium for 24 h. The cells were then washed with PRS and
followed by pre-incubating at 37 °C for 1 h with one of the following endocytosis inhibitors
dissolved in Opti-MEM: 20 uM chiorpromazine (CMZ, an mnhibitor of clathrin-mediated

endocytosis), 2 mM Amiloride (AML, an inhibitor of macropinocytosis), 200 uM Genistein
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(GEN, an mhibitor of caveolac-mediated endocyviosis), 5 mM Methyl-P-cvclodextrin (MBCD,
an inhibitor of hpid rafis-mediated endocytosis). Next, the mednim was removed and replaced
with complete DMEM medium containing SAZ-DOT-10 Cas9/sgluc (24 oM sgluc) for
another 30 mun. Atfter that, the medinm was removed and the cells were washed three times
with PBS. The cells were then collected and analvzed by flow evtometry. All expertments were
carried out in triplicate. Here, Cas9-EGFP protein was used to formulate Cas9/sgluc complex.
To evaluate whether it is encrgy dependent endocytosis, the cells were also pre-incubated under
4 °C for 1h, and then treated with complete DMEM medium containing 24 nM of SA2-DOT-

10 CasY/sghuc (24 nM sgluc) for another 30min before analysis by flow cyvtometry.

VH. T7E[ assay to detect genomic editing,

For in vitro genomic DNA editing analysis, HeLa-Lue cells were seeded into 12-well
plates at a cell density of 1.5x10° cells/well and imcubated overnight. Then, different
nanoformulations containing 24 nM of sgRNA were added to cclis. After 3 days, the cells were
collected, washed and re-suspended m 50 ull of 1x passive lysis buffer (Promega) together
with 2 pl of proteinase K (Thermofisher). Afterwards, a lysis PCR program (65 °C for 15 min,
05 °C for 10 min} was run to obtain cell lvsates. The targeted genomic loct were then amplified
using the following PCR amplification program (95 °C for 5 mun; (93 °C for 30 sec; 60-64 °C
for 30 sec; 72 °C for 1 mun) for 40 cyveles; 72 °C for 7 min and then keep at 4 °C). Cell lysates
were used as DNA templates. The amplicons were then purified using PCR purification kits
{Qragen) and 200 ng of the purified DNA was added 1o 19 pl. of anncaling reaction containing
IxNEBufter 2. Then the PCR products were anncaled 1n a thermocycler using the following
conditions (95 °C for 5 min, then the mixture was cooled from 95 °C to 85 °C with Ramp Rate
of -2 °C/second, following &5 °C t0 25 °C with Ramp Rate of -0.1 °Clsecond, then keep at 4
°C) to form herctoduplex DNA. Afterwards, 1 pl of T7EL (NEB) was added and incubated at
37 =C for 15 min. The cleavage reaction was then stopped by adding 1.5 ul of 0.25M EDTA.
Next, the digested DNA was analyzed using 2 5% agarose gel electrophoresis. All primers ased

for T7EI assay arc hsted in Table 5.

Tabie 5: sgRNA Sequences

Name Target Seguences (8”10 30 PAM (310 37)
£LUC CTTCGAAATGTCCGTTCGGT TG
> (SEQ ID NO: 18)
GAAGTTCGAGGGCGACACCC e
TGG
sgGEP (SEQ ID NO: 19)
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£ TOM AAGTAAAACCTCTACAAATG s
(SEQ D NO: 20)

. AGATCOTTAGCAGAAAC ARA oG
SgPTEN (SEQ 1D NO: 21)

- CTOTAATAGCTCOTOC ATOG Ay
£ (SEQ ID NO: 22)

RE] TOTTACCAGGATTCCATCCA oo

(SEQ ID NO- 23

I CCTGCCCTGAGTAAGCGACA v
(SEQ D NO: 24)
(SEQ ID NO: 25)

For in vivo genomic DNA cditing analysis, genomic DNA was extracted from tissues
using PureLink Genomic DNA Mini Kit (Invitrogen) according to manufacturer’s instructions.
Subsequently, the aforementioned procedurcs were followed as described above for T7EL
detection.

The fragmented PCR products were analyzed and the indels percentages were calculated
based on the following formula:

% gene modification = 100 X (1 - (1- fraction cleaved)?)

where the fraction cleaved is the sum of the cleavage product peaks divided by the sum of

the cleavage product and parent peaks.”

Vi, Sanger sequencing to detegt genome editing,
Purified PCR amplicons of the T7E1 assay together with thewr forward primers were
sequenced by The McDemmott Center Sequencing core facility in UT Southwestern Medical
Center. The sequencing data were finally analyzed using osoline analysis software, ICE

Analysis, which is a web tool provided by Synthego.

IX.  invitro gene editing in Hela-GFP cells,

Heba-GFP reporter cells were cultured in DMEM containing 10% FBS and 1%
penicillin/streptorayein at 37 °C/ 5% COq. For the experiments, Hel.a-GFP cells were sceded
into 12-well plates at a cell density of 1.5x10% cells per well and incubated overnight. Then,
the mediam was replaced with 0.5 mL of fresh complete BMEM and 100 ub. of nanoparticle
dispersion were added {the final concentration of sgRNA was fixed at 24 M), Three days after

treatment, the cells were analvzed using a fluorescence microscope (Kevence). For the flow
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cvtometry analysis, the celis were collected, washed with PBS, re-suspended in PBS, and

analyzed using a BD Analyvzers LSRFortessa SORP (BD Biosciences).

X. Stability of SA2-DOT-10 Cas9/sgGFP.

To measure stability, SAZ-DOT-10 LNPs encapsulating Cas9/sgGFP RNP complexes
were prepared and stored them at 4 °C for 2 months. The size and PDI of these nanoparticles
were tested after storing for different tines and their gene editing efficiency were also evaluated
m HeLa-GFP cells by adding nanoparticles (24 nM sgRNA dose) and quantifying gene editing
after 3 days. For cach time point, an aliquot of stored 5SA2-DOT-10 LNPs encapsulating

CasY/sgGFP RNPs was taken and analyzed (size, PDE efficacy).

Xl  Animal experiments.

All animal experiments were approved by the Institution Animal Care and Use
Commitices of The University of Texas Southwestern Medical Center and were consistent with
local, state and federal regulations as applicable. C37BL/6 mice were obtained from the UTSW
Mouse Breeding Core Facility. B6.Cg-GiROSA) 2680y (CaG-dTomato)lize) | mice {also known as
A9 or AiYRCL-dT) mice} were obtained from The Jackson Laboratory (007909) and bred to
maintain homozyvgous expression of the Cre reporter allele that has a loxP-flanked STOP
cassette preventing transcription of a CAG promoter-driven red fluorescent td Tomato protein.
Following (as9/sgRNA RNPs mediated gene editing, Ai% mice will express tdTomato

fluorescence. AiY mice are congenic on the C57BL/SJ senetic background.

XE. I vivo gene editing.

For gene editing in muscles, Td-Tomato mice were injected with SA2-DOT-10 LNPs
encapsulating Cas9/sgTOM RNP complexes at dose of 1 mg/kg of sgTOM in the left leg by
mira-muscle injection. RNAIMAX encapsulating Cas9/sgTOM RNP complexes was used as
positive control. After treatment for 7 days, the mauscle tissues of all treatment groups were
collected and imaged using an [VIS Lumina systern (Perkin Elmer). Atterwards, the muscle
tissues were embedded in optimal cutting temperature (OCT) compound and cut into 10 pm
slices. The sections were fixed with 4% Paraformaldehyde (Thermo Fisher Scientific} for 20
min, washed three times using PBS buffer. Afterwards, one drop of ProLong Gold Mountant
with DAPL (Thermo Fisher Scientific) was applied onto each slide. A coverslip was placed,
and the shdes were imaged by confocal microscopy (Zeiss LSM 700). For gene editing in brain,
Td-Tomato mice were injected with SA2-DOT-10 LNPs encapsalating Cas9/sgTOM RNP

complexes at dose of .13 mg/kg of sg TOM by intra-brain injection. After treatment for 6 days,
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the brains were excised and imaged using IVIS Lumina system. Frozen sections of brains were

prepared as the protocol mentioned above and imaged by confoeal microscopy.

For gene editing by 7.v. mjection, Td-Tomato mice were treated with 5A2-DOT-X

LNPs containing different percentage of DOTAP at dose of 1.5 mg/kg of sgTOM by tail vein

njection. After treatment for 7 days, all organs were collecied and imaged using IVIS Lumina

system. The frozen sections of these tissucs were prepared as the protocol mentioned above

and 1maged by contocal microscopy.

X, PCR for Emld4-Alk rearrangements,

The in vive Eml4-Alk rearrangements were tested by nested PCR (Blasco er ol 2014).

For the first round PCR, 40 ng of genomic DNA was used as template with PCR program of
95 °C for Smun; {95 °C for 30 sec; 64 °C for 30 sec; 72 °C for 30 se) for 18 cycles; 72 °C for

7 min and then keep at 4 °C. For the second round PCR. 1l of the 1* round PCR product (100

dilutions) was used for PCR reactions (935 °C for Snun; {95 °C for 30 sec; 68 °C for 30 sec; 72

°C for 30 sec) for 30 cycles;

reactions are listed in Table 6.

72 °C for 7 min and then keep at 4 °C. Primers used in the PCR

Table 6: Listing of Primers
Name Forward Primers (5° {0 3%) Reverse Primers (3 10 3%)
ATGGAAGACGCCAAAAACATAAA | AACACTTAAAATCGCAGTATCCGGA
LucC GAAAGGCUCGGCGCCATTIC ATG
{SEQ ID NO: 26) (SEQ ID NO: 27)
GFp G_'l:‘GGZ?GCCCA’I‘CC’I‘GG’I‘CGAG CGCTTCTCGTTGGGGTICTTITGC
{SEQ ID NO: 28) {(SEQ ID NG: 29
PTEN ATCCGTCTTCTCCCCATTCCG GACGAGUTCGCTAATCCAQGTG
(SEQ ID NO: 30 (SEQ ID NO: 31
P53 ATAGAGACGCTGAGTCCGGTTC CCTAAGCCCAAGAGGAAACAGA
(SEQ TD NO: 32} (SEQ ID NO: 33)
CTGTGCTGGTGTGTGCAAACTATA C { G 1 &ACAG TGAAACTCGTTACTTTG
RB1 (SEQ ID NO: 34) TATATC
S, (SEQ ID NO: 39)
Eold AC AAGG CTCTﬁ{'GCTTCC ATTG GATCAAAGCAAGGCCTTGTGCAT
] {(SEQ ID NO: 36) {(SEQ ID NG: 37)
Alk TCTGAGCCCCTTCCATCTGACC AGCTCAGCAGAAGCTCAGCAG
‘ (SEQ 1D NO: 38} (SEQ ID NO: 39)
i;‘ii;gg\ CCCAGTCA’I‘CA:GTTGC’I'zf\'I'GCAzf\T GGG’I’TTC;CT’IﬁTGG’ITCACAGATCCA
(1% round) T (SEQ ID NO: 40) (SEQIDNG. 4D
Eoud4-Alk S, N A g Spp S gy
inversion QGTTTTTQC ACAAGAGCTAAGGCT (iT(I(JTTT{I(IT(.. ACATCTCAGGTG
(7 round) (SEQ ID NOG: 42) (SEQ ID NO: 43)
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X1V, H&E staining and immunchistochemistry (IHC).
Briefly, 10% Formalin sclotion fixed tissues were embedded in paraffin, sectioned and
Hé&E stamed by the Molecular Pathology Core at UTSW. The 4 wm sections were performed
m the standard fashion and detected with Ehte ABC Kit and DAB Substrate (Vector
Laboratories) for FHC.

XVY. Statistical analyses.
Statistical analvses were conducted using two-sided Student’s r-test by GraphPad Prism
software, version 7.04 (GraphPad Software, USA). No adjustments were made in any statistical

test. A P value <0.05 was considered statistically significant.

3%
X%
*

[00217]  All of the methods disclosed and claimed herein can be made and executed
without undue cxperimentation in light of the present disclosure. While the compositions and
methods of this disclosure have been described o terms of preferred embodiments, it will be
apparent to those of skill m the art that variations may be applied to the methods and in the
steps or in the sequence of steps of the method described berein without departing from the
concept, spirit and scope of the disclosure. More specifically, it will be apparent that cortain
agents which are both chenmucally and physiologically related may be substituted for the agents
described hercin while the same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled i the art are deemed to be within the

spirtt, scope and concept of the disclosure as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A composition comprising:
a therapeutic agent; and
a selective organ targeting (SORT) lipid composition comprising:
(1) a SORT lipid that is a cationic SORT lipid, a zwitterionic SORT lipid, or an
anionic SORT lipid;
(2) an ionizable cationic lipid; and
(3) a phospholipid;
(4) a steroid or steroid derivative; and
(5) polymer-conjugated lipid;
wherein said cationic SORT lipid is an ionizable cationic SORT lipid, where the ionizable
cationic SORT lipid is 1,2-dioleoyl-3-dimethylammonium-propane (DODAP);
wherein said cationic SORT lipid is a permanently cationic SORT lipid, wherein said
permanently cationic SORT lipid has a structure of Formula (I), Formula (II), or Formula (I1I), or
is a pharmaceutically acceptable salt, stereoisomer, tautomer thereof:
B NON.]
R,
b

Ra ),

R

wherein, in Formula (I):
Ri and R: are each independently alkyl(cs-c24), alkenylics-c24y, or a substituted
version of either group;
Rs, R3', and R3"” are each independently alkylc<e) or substituted alkylc<e); and
X" is a monovalent anion;

Xz
R4\ R4
N

R R (),
wherein, in Formula (II):
R4 and R4" are each independently alkylice-c24), alkenylice-c24), or a substituted
version of either group;

R4 1s alkyl(c<2a), alkenylc<24), or a substituted version of either group;
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R4"" is alkyl(ci-cs), alkenyl(ca-cs), or a substituted version of either group; and

X> is a monovalent anion; or

9] X
W\ O + ]
/U\ P N R3
RTTOTY T, T Wy
OYO R’4 R3
Ro (I11),

wherein, in Formula (I11):
Ri and R: are each independently alkyl(cs-c24), alkenylics-c24y, or a substituted
version of either group;
Rs, R3', and R3"” are each independently alkylc<e) or substituted alkylc<e);
R4 is alkyl(c<e) or substituted alkyl(c<6); and
X" is a monovalent anion;
wherein said zwitterionic SORT lipid has a structure of Formula (IA), is a pharmaceutically

acceptable salt, stereoisomer, tautomer thereof:

O o X
PN O R
RO o R T Wy
3

Re (1A),
wherein, in Formula (IA):
Ri and R» are each independently alkyl(cs-c24), alkenyl(cs-c24), or a substituted version
of either group;
Rs, R3', and R3"” are each independently alkylc<e) or substituted alkylc<e); and
X" is a monovalent anion; or
wherein said anionic SORT lipid has a structure of Formula (IV), is a pharmaceutically

acceptable salt, stereoisomer, tautomer thereof:

0 _
BN -0
R 7O 0~ P\O
Os 0O ;
YR
Ro aIv),

wherein, in Formula (IV):

127



2019336679 07 May 2025

Ri and R: are each independently alkyl(cs-c24), alkenyl(cs-c24), or a substituted version
of either group;

R3 is hydrogen, alkylc<e), or substituted alkyl(c<e), or —Y1—Ra4, wherein:

Y1 is alkanediylc<e) or substituted alkanediyl(c<e); and

R4 is acyloxy(c=s-24) or substituted acyloxyc<s-24),
wherein the SORT lipid composition is characterized by an apparent ionization constant
(pKa) from about 8 to about 13 as determined by a 2-(p-toluidino)-6-naphthalenesulfonic
acid titration assay, and
wherein the composition delivers the therapeutic agent to at least a lung.
The composition of claim 1, wherein the pKa of the SORT lipid composition is about 9 or

higher.

The composition of claim 1 or claim 2, wherein a surface of the SORT lipid composition
interacts with apolipoprotein E (Apo E) to a lesser degree than with an endogenous protein

that is not Apo E.

The composition of claim 3, wherein the endogenous protein binds to the surface of the

SORT lipid composition at a greater amount than Apo E.
The composition of claim 4, wherein the endogenous protein is vitronectin.

The composition of any one of claims 1-5, wherein the SORT lipid is present in the SORT
lipid composition at a molar percentage from about 5% to about 65%, wherein the molar

percentage is determined based on total lipids present in the SORT lipid composition.

The composition of any one of claims 1-5, wherein the SORT lipid is present in the SORT
lipid composition at a molar percentage from about 5% to about 50%, wherein the molar

percentage is determined based on total lipids present in the SORT lipid composition.

The composition of any one of claims 1-7, wherein the permanently SORT cationic lipid is

selected from;
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defined as:

10. The composition of any one of claims 1-7, wherein the permanently anionic SORT lipid is

further defined as;

0 or

129
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11.

12.

13.

14.

15.

The composition of any one of claims 1-10, wherein the ionizable cationic lipid is present
in the SORT lipid composition at a molar percentage from about 5% to about 30%,
wherein the molar percentage is determined based on total lipids present in the SORT lipid

composition.

The composition of any one of claims 1-11, wherein the phospholipid is further defined as
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine or 1,2-distearoyl-sn-glycero-3-
phosphocholine.

The composition of any one of claims 1-12, wherein the phospholipid is present in the
SORT lipid composition at a molar percentage from about 8% to about 23%, wherein the
molar percentage is determined based on total lipids present in the SORT lipid

composition.

The composition of any one of claims 1-13, wherein the polymer-conjugated lipid

comprises one or more of the following:
(1) one or more hydrophobic moieties each comprising at least 6 carbon atoms; or

(i1) a polymer component having an average molecular weight from about 100 Daltons

(Da) to about 15,000 Daltons.

The composition of any one of claims 1-14, wherein the polymer-conjugated lipid is:
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16.

(a) a PEGylated diacylglycerol;

(b) a compound of the formula:

O
O\)\/O\(‘/\Ofoe

wherein;

Ri2 and Ri3 are each independently alkylc<24), alkenylc<24), or a substituted version

of either of these groups;
Re is hydrogen, alkylc<s), or substituted alkyl(c<sy; and
x is 1-250;

(c) dimyristoyl-sn-glycerol;

(d) a compound of the formula:

st

n3

N
/O\onﬁ\/ N/T,N( \/er\/\oJ%A

wherein:
ni is 5-250; and
n2 and n3 are each independently 2-25; or

(e) a polyethylene glycol (PEG) conjugated lipid.

The composition of any one of claims 1-15, wherein the polymer-conjugated lipid is
present in the SORT lipid composition at a molar percentage from about 0.5% to about

10%, wherein the molar percentage is determined based on total lipids present in the SORT

lipid composition.
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20.

21.

22.

The composition of any one of claims 1-16, wherein the steroid or steroid derivative is
present in the SORT lipid composition at a molar percentage from about 15% to about
46%, wherein the molar percentage is determined based on total lipids present in the SORT

lipid composition.

The composition of any one of claims 1-17, wherein the composition is characterized by a

zeta () potential from -0.25 to -10 mV as determined by dynamic light scattering.

The composition of any one of claims 1-18, wherein the therapeutic agent comprises a
small interfering ribonucleic acid (siRNA), a micro-ribonucleic acid (miRNA), a primary
micro-ribonucleic acid (pri-miRNA), a messenger ribonucleic acid (mRNA), a clustered
regularly interspaced short palindromic repeats (CRISPR) related nucleic acid, a CRISPR-
RNA (crRNA), a single guide ribonucleic acid (sgRNA), a trans-activating CRISPR
ribonucleic acid (tractrRNA), a plasmid deoxyribonucleic acid (pDNA), a transfer
ribonucleic acid (tRNA), an antisense oligonucleotide (ASO), a guide ribonucleic acid, a
double stranded deoxyribonucleic acid (dsDNA), a single stranded deoxyribonucleic acid
(ssDNA), a single stranded ribonucleic acid (ssRNA), a double stranded ribonucleic acid
(dsRNA), a protein, and a CRISPR-associated (Cas) protein.

The composition of any one of claims 1-18, wherein the therapeutic agent comprises a
messenger ribonucleic acid (mRNA) encoding a Cas protein, the CRISPR-associated (Cas)
protein, a CRISPR-RNA (crRNA), a single guide ribonucleic acid (sgRNA), a trans-
activating CRISPR ribonucleic acid (tracrRNA), a double stranded deoxyribonucleic acid
(dsDNA), a single stranded deoxyribonucleic acid (ssDNA), or a combination thereof.

The composition of any one of claims 1-20, wherein the therapeutic agent is present in a

ratio of the SORT lipid composition to the therapeutic agent from about 1:1 to about 1:100.

The composition of any one of claims 1-21, wherein composition is configured for
administration: orally, intraadiposally, intraarterially, intraarticularly, intracranially,
intradermally, intralesionally, intramuscularly, intranasally, intraocularly,
intrapericardially, intraperitoneally, intrapleurally, intraprostatically, intrarectally,
intrathecally, intratracheally, intratumorally, intraumbilically, intravaginally, intravenously,
intravesicularlly, intravitreally, liposomally, locally, mucosally, parenterally, rectally,

subconjunctival, subcutaneously, sublingually, topically, transbuccally, transdermally,
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vaginally, in crémes, via a catheter, via a lavage, via continuous infusion, via infusion, via

inhalation, via injection, via local delivery, or via localized perfusion, or systemically.

23. A pharmaceutical composition comprising:
(A)  the composition according to any one of claims 1-22; and

(B)  anexcipient.
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SEQUENCE LISTING

<110> THE BOARD OF REGENTS OF THE UNIVERSITY OF TEXAS SYSTEM

<120> COMPOSITIONS AND METHODS FOR ORGAN SPECIFIC DELIVERY OF NUCLEIC
ACIDS

<130> UTFD.P3406W0

<140> Unknown
<141> 2019-09-04

<150> US 62/726,741
<151> 2018-09-04

<160> 62
<170> PatentIn version 3.5

<210> 1

<211> 2@

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 1
aagtaaaacc tctacaaatg

<210> 2

<211> 2@

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 2
agatcgttag cagaaacaaa

<210> 3

<211> 45

<212> DNA

<213> Artificial sequence

Page 1



UTFD_P3406W0_ST25.TXT
<220>
<223> Synthetic oligonucleotide

<400> 3
atatatggat ccgccaccat ggccccaaag aagaagcgga aggtc 45

<210> 4

<211> 74

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 4
atatatgaat tcttactttt tcttttttgc ctggccggecc ttttcgtgge cgeccggectt 60

ttgtcgcctc ccag 74

<210> 5

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 5
ctgagcgaca tcctgagagt gaac 24

<210> 6

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 6
agcaggtcct ctctgttcag 20

<210> 7
<211> 24
<212> DNA

Page 2
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<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 7
gacggcttcg ccaacagaaa cttc 24

<210> 8

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 8
tttgatgccc tcttcgatcc g 21

<210> 9

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 9
gggagatcgt gtgggataag 20

<210> 10

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 10
acttcttagg gtcccagtcc 20

<210> 11
<211> 21
<212> DNA

Page 3



UTFD_P3406W0_ST25.TXT

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 11
aagagagtga tcctggccga ¢

<210> 12

<211> 75

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 12

atatatggat ccgccaccat gcccaagaag aagaggaagg tggccaatta ctgaccgtac

accaaaattt gcctg

<210> 13

<211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 13
atatatgaat tcttaatcgc catctccagc ag

<210> 14

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 14
atccgtcttc tccccattcc g

<210> 15

Page 4

21

60

75

32

21



<211>
<212>
<213>

21
DNA

<220>

<223>

<400> 15

UTFD_P3406W0_ST25.TXT

Artificial sequence

Synthetic oligonucleotide

gacgagctcg ctaatccagt g

<210>
<211>
<212>
<213>

16

DNA
<220>
<223>

<400> 16
atgcccaaga

ttaccggtcg
cgccaggcegt
gcatggtgca
tatcttctat
cagctaaaca
tcactggtta
gctctagegt
cgctgccagg
atagccgaaa
ttaatccata
agcctggggg
ccgaataact

agccagctat

1053

agaagaggaa
atgcaacgag
tttctgagca
agttgaataa
atcttcaggc
tgcttcatcg
tgcggcgtat
tcgaacgcac
atatacgtaa
ttgccaggat
ttggcagaac
taactaaact
acctgttttg

caactcgcgc

Artificial sequence

Synthetic oligonucleotide

ggtggccaat
tgatgaggtt
tacctggaaa
ccggaaatgg
gcgeggtctg
tcggtccggsg
ccgaaaagaa
tgatttcgac
tctggcattt
cagggttaaa
gaaaacgctg
ggtcgagcga
ccgggtcaga

cctggaaggg

ttactgaccg
cgcaagaacc
atgcttctgt
tttcccgcag
gcagtaaaaa
ctgccacgac
aacgttgatg
caggttcgtt
ctggggattg
gatatctcac
gttagcaccg
tggatttccg
aaaaatggtg

atttttgaag

Page 5

tacaccaaaa
tgatggacat
ccgtttgeccg
aacctgaaga
ctatccagca
caagtgacag
ccggtgaacg
cactcatgga
cttataacac
gtactgacgg
caggtgtaga
tctctggtgt
ttgccgecgcec

caactcatcg

tttgcctgca
gttcagggat
gtcgtgggcg
tgttcgcgat
acatttgggc
caatgctgtt
tgcaaaacag
aaatagcgat
cctgttacgt
tgggagaatg
gaaggcactt
agctgatgat
atctgccacc

attgatttac

21

60
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300

360

420

480

540

600

660

720

780

840
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ggcgctaagg atgactctgg tcagagatac

ggagccgcge gagatatggc ccgcgectgga

ggctggacca atgtaaatat tgtcatgaac

gcaatggtgc gcctgctgga agatggcgat

<210>
<211>
<212>
<213>

17

DNA
<220>
<223>

<400> 17
atggccccaa

tacagcatcg
tacaaggtgc
aagaacctga
aagagaaccg
atcttcagca
ttcctggtgg
gaggtggect
agcaccgaca
cggggccact
ttcatccagc
ggcgtggacg
ctgatcgccc

agcctgggcc

cagctgagca

4203

agaagaagcg
gcctggacat
ccagcaagaa
tcggagccct
ccagaagaag
acgagatggc
aagaggataa
accacgagaa
aggccgacct
tcctgatcga
tggtgcagac
ccaaggccat
agctgcccgg
tgacccccaa

aggacaccta

Artificial sequence

Synthetic oligonucleotide

gaaggtcggt
cggcaccaac
attcaaggtg
gctgttcgac
atacaccaga
caaggtggac
gaagcacgag
gtaccccacc
gcggctgatc
gggcgacctg
ctacaaccag
cctgtctgcec
cgagaagaag
cttcaagagc

cgacgacgac

ctggcctggt ctggacacag tgcccgtgtc

gtttcaatac cggagatcat gcaagctggt

tatatccgta acctggatag tgaaacaggg

taa

atccacggag
tctgtgggct
ctgggcaaca
agcggcgaaa
cggaagaacc
gacagcttct
cggcacccca
atctaccacc
tatctggccc
aaccccgaca
ctgttcgagg
agactgagca
aatggcctgt
aacttcgacc

ctggacaacc

tcccagcagc
gggccegtgat
ccgaccggca
cagccgaggc
ggatctgcta
tccacagact
tcttcggcaa
tgagaaagaa
tggcccacat
acagcgacgt
aaaaccccat
agagcagacg
tcggaaacct
tggccgagga

tgctggccca

Page 6

cgacaagaag
caccgacgag
cagcatcaag
cacccggctg
tctgcaagag
ggaagagtcc
catcgtggac
actggtggac
gatcaagttc
ggacaagctg
caacgccagc
gctggaaaat
gattgccctg

tgccaaactg

gatcggcgac

900

960

1020

1053

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



cagtacgccg
atcctgagag
tacgacgagc
gagaagtaca
ggcggageca
ggcaccgagg
ttcgacaacg
cggcaggaag
accttccgca
atgaccagaa
ggcgcttccg
gagaaggtgc
accaaagtga
aaaaaggcca
aaagaggact
gatcggttca
gacttcctgg
ctgtttgagg
gacaaagtga
aagctgatca
tccgacggct
aaagaggaca
gccaatctgg

gacgagctcg

acctgtttct
tgaacaccga
accaccagga
aagagatttt
gccaggaaga
aactgctcgt
gcagcatccc
atttttaccc
tcccctacta
agagcgagga
cccagagctt
tgcccaagca
aatacgtgac
tcgtggacct
acttcaagaa
acgcctccct
acaatgagga
acagagagat
tgaagcagct
acggcatccg
tcgccaacag
tccagaaagc
ccggeagecc

tgaaagtgat

UTFD_P3406W0_ST25.TXT
ggccgccaag aacctgtccg acgccatcct

gatcaccaag
cctgaccctg
cttcgaccag
gttctacaag
gaagctgaac
ccaccagatc
attcctgaag
cgtgggccct
aaccatcacc
catcgagcgg
cagcctgctg
cgagggaatg
gctgttcaag
aatcgagtgc
gggcacatac
aaacgaggac
gatcgaggaa
gaagcgeege
ggacaagcag
aaacttcatg
ccaggtgtcc

cgccattaag

gggccggcac

gcccccctga
ctgaaagctc
agcaagaacg
ttcatcaagc
agagaggacc
cacctgggag
gacaaccggg

ctggccaggg

ccctggaact
atgaccaact
tacgagtact
agaaagcccg
accaaccgga
ttcgactccg
cacgatctgc
attctggaag
cggctgaaaa
agatacaccg
tccggcaaga
cagctgatcc
ggccaggsceg
aagggcatcc

aagcccgaga

Page 7

gcgcctctat
tcgtgcggca
gctacgccegg
ccatcctgga
tgctgcggaa
agctgcacgc
aaaagatcga
gaaacagcag
tcgaggaagt
tcgataagaa
tcaccgtgta
ccttcctgag
aagtgaccgt
tggaaatctc
tgaaaattat
atatcgtgct
cctatgccca
gctggggeag
caatcctgga
acgacgacag
atagcctgca
tgcagacagt

acatcgtgat

gctgagcgac
gatcaagaga
gcagctgcct
ctacattgac
aaagatggac
gcagcggacc
cattctgcgg
gaagatcctg
attcgcctgg
ggtggacaag
cctgcccaac
taacgagctg
cggcgagcag
gaagcagctg
cggcgtggaa
caaggacaag
gaccctgaca
cctgttcgac
gctgageegg
tttcctgaag
cctgaccttt
cgagcacatt
gaaggtggtg

cgaaatggcc

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



agagagaacc
gaagagggca
cagctgcaga
gaccaggaac
agctttctga
ggcaagagceg
cagctgctga
agaggcggcc
cggcagatca
gagaatgaca
gatttccgga
cacgacgcct
gaaagcgagt
agcgagcagg
tttttcaaga
acaaacggcg
aaagtgctga
ttcagcaaag
gactgggacc
gtggtggcca
gggatcacca
aagggctaca
gagctggaaa

gaactggccc

agaccaccca
tcaaagagct
acgagaagct
tggacatcaa
aggacgactc
acaacgtgcc
acgccaagct
tgagcgaact
Ccaaagcacgt
agctgatccg
aggatttcca
acctgaacgc
tcgtgtacgg
aaatcggcaa
ccgagattac
aaaccgggga
gcatgcccca
agtctatcct
ctaagaagta
aagtggaaaa
tcatggaaag
aagaagtgaa
acggccggaa

tgccctccaa

UTFD_P3406W0_ST25.TXT

gaagggacag

gggcagccag

gtacctgtac
ccggectgtcc
catcgacaac
ctccgaagag
gattacccag
ggataaggcc
ggcacagatc
ggaagtgaaa
gttttacaaa
cgtcgtggga
cgactacaag
ggctaccgcc
cctggccaac
gatcgtgtgg
agtgaatatc

gcccaagagg

cggecggcttc
gggcaagtcc
aagcagcttc
aaaggacctg
gagaatgctg

atatgtgaac

aagaacagcc
atcctgaaag
tacctgcaga
gactacgatg
aaggtgctga
gtcgtgaaga
agaaagttcg
ggcttcatca
ctggactccc
gtgatcaccc
gtgcgcgaga
accgccctga
gtgtacgacg
aagtacttct
ggcgagatcc
gataagggcc
gtgaaaaaga
aacagcgata
gacagcccca
aagaaactga
gagaagaatc
atcatcaagc
gcctctgecg

ttcctgtacc

Page 8

gcgagagaat
aacaccccgt
atgggcggga
tggaccatat
ccagaagcga
agatgaagaa
acaatctgac
agagacagct
ggatgaacac
tgaagtccaa
tcaacaacta
tcaaaaagta
tgcggaagat
tctacagcaa
ggaagcggcec
gggattttgc
ccgaggtgca
agctgatcgc
ccgtggccta
agagtgtgaa
ccatcgactt
tgcctaagta
gcgaactgca

tggccagcca

gaagcggatc
ggaaaacacc
tatgtacgtg
cgtgcctcag
caagaaccgg
ctactggcgg
caaggccgag
ggtggaaacc
taagtacgac
gctggtgtcc
ccaccacgcc
ccctaagctg
gatcgccaag
catcatgaac
tctgatcgag
caccgtgcegg
gacaggegsc
cagaaagaag
ttctgtgctg
agagctgctg
tctggaagcc
ctccctgttc

gaagggaaac

ctatgagaag

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780
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taatgagcag
gcagatcagc
gtccgcctac
cctgtttacc
cgaccggaag

catcaccggc

ggcggecacg

Synthetic oligonucleotide

Synthetic oligonucleotide

ctgaagggct cccccgagga
tacctggacg agatcatcga
gctaatctgg acaaagtgct
caggccgaga atatcatcca
aagtactttg acaccaccat
gccaccctga tccaccagag
ctgggaggcg acaaaaggcc

taa

<210> 18

<211> 20

<212> DNA

<213> Artificial sequence
<220>

<223>

<400> 18

cttcgaaatg tccgttcggt
<210> 19

<211> 20

<212> DNA

<213> Artificial sequence
<220>

<223>

<400> 19

gaagttcgag ggcgacaccc
<210> 20

<211> 20

<212> DNA

<213> Artificial sequence
<220>

<223>

Synthetic oligonucleotide

aaacagctgt
gagttctcca
aacaagcacc
ctgaccaatc
aggtacacca
ctgtacgaga

aaaaaggccg

Page 9

ttgtggaaca
agagagtgat
gggataagcc

tgggagcccc

gcaccaaaga
cacggatcga

gccaggcaaa

gcacaagcac
cctggccgac
catcagagag
tgccgecttc
ggtgctggac
cctgtctcag

aaagaaaaag

3840

3900

3960

4020

4080

4140

4200

4203

20

20
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<400> 20
aagtaaaacc tctacaaatg 20

<210> 21

<211> 2@

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 21
agatcgttag cagaaacaaa 20

<210> 22

<211> 2@

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 22
gtgtaatagc tcctgcatgg 20

<210> 23

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 23
tcttaccagg attccatcca 20

<210> 24

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

Page 10



<400>

UTFD_P3406W0_ST25.TXT

24

cctgccctga gtaagcgaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

20

DNA

Artificial sequence

Synthetic oligonucleotide

25

tcctggcatg tctatctgta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26
42
DNA
Artificial sequence

Synthetic oligonucleotide

26

atggaagacg ccaaaaacat aaagaaaggc ccggcgccat tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27
28
DNA
Artificial sequence

Synthetic oligonucleotide

27

aacacttaaa atcgcagtat ccggaatg

<210>
<211>
<212>
<213>

<220>
<223>

28
21
DNA
Artificial sequence

Synthetic oligonucleotide
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<400> 28
gtggtgccca tcctggtcga g 21

<210> 29

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 29
cgcttctcgt tggggtcttt gc 22

<210> 30

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 30
atccgtcttc tccccattcc g 21

<210> 31

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 31
gacgagctcg ctaatccagt g 21

<210> 32

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide
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<400> 32
atagagacgc tgagtccggt tc 22

<210> 33

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 33
cctaagccca agaggaaaca ga 22

<210> 34

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 34
ctgtgctggt gtgtgcaaac tata 24

<210> 35

<211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 35
ctgtcacagt gaaactcgtt actttgtata tc 32

<210> 36

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide
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<400> 36
acaaggctct ggcttccatt g 21

<210> 37

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 37
gatcaaagca aggccttgtg cat 23

<210> 38

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 38
tctgagcccc ttccatctga cc 22

<210> 39

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 39
agctcagcag aagctcagca g 21

<210> 40

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide
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<400> 40
cccagtcatc agttgctatg caatt 25

<210> 41

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 41
gggtttcctt tggttcacag atcca 25

<210> 42

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 42
cgtttttcca caagagctaa ggct 24

<210> 43

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 43
gtggtttggt cacatctcag gtg 23

<210> 44

<211> 59

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide
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44

taatacgact cactataggg aagtaaaact ctacaaatgg ttttagagct agaaatagc 59

<210>
<211>
<212>
<213>

<220>
<223>

<400>

45

20

DNA

Artificial sequence

Synthetic oligonucleotide

45

aaaagcaccg actcggtgcc 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

46
59
DNA
Artificial sequence

Synthetic oligonucleotide

46

taatacgact cactataggg aaacctctac aaatgtggta gtttagagct agaaatagc 59

<210>
<211>
<212>
<213>

<220>
<223>

<400>

47
20
DNA
Artificial sequence

Synthetic oligonucleotide

47

aaaagcaccg actcggtgcc 20

<210>
<211>
<212>
<213>

<220>
<223>

48
60
DNA
Artificial sequence

Synthetic oligonucleotide
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48

taatacgact cactataggg cgtatagcat acattatacg gttttagagc tagaaatagc 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

49
20
DNA
Artificial sequence

Synthetic oligonucleotide

49

aaaagcaccg actcggtgcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50
32
DNA
Artificial sequence

Synthetic oligonucleotide

50

cctgccctga gtaagcggta aggctagttt ta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

51

33

DNA

Artificial sequence

Synthetic oligonucleotide

51

cctgccctga gtaagcgtgt aaggctagtt tta

<210>
<211>
<212>
<213>

<220>
<223>

52
32
DNA
Artificial sequence

Synthetic oligonucleotide

20

32

33
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<400> 52
cctgccctga gtaagcggta aggctagttt ta

<210> 53

<211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 53
cctgeccctgt atgtaaggct agtttta

<210> 54

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 54
cctgccctga gtaagcctag ttta

<210> 55

<211> 9

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 55
cctgtttta

<210> 56

<211> 28

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

32

27

24
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<400> 56
cctgcctgag taagcgaggc tagtttta

<210> 57

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 57
cctgccctga gtaagcgaag gctagtttta

<210> 58

<211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 58
cctgccctga gtgtaaggect agtttta

<210> 59

<211> 4e

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 59
gcccgeccctg agtaagcggt aaggctagtt ttaatttcga

<210> 60

<211> 34

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide
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60

gccctgececct gagtaagcta gttttaattt tcga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

61
37
DNA
Artificial sequence

Synthetic oligonucleotide

61

gccctgeccct gtatgtaagg ctagttttaa ttttcga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

62

43

DNA

Artificial sequence

Synthetic oligonucleotide

62

gccctgececct gagtaagecgt gtaaggctag ttttaatttt cga
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