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SYNTHETIC LIPIDS FOR MRNA DELIVERY 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application serial no.  

5 62/857,111, filed June 4, 2019, the contents of which are incorporated herein by reference 

in their entirety.  

GOVERNMENT SUPPORT 

This invention was made with government support under grant numbers EB024041 

and TR002636 awarded by the National Institutes of Health. The government has certain 

10 rights in the invention.  

BACKGROUND 

Angiopoietin-like 3 (ANGPTL3) is an enzyme which serves to regulate plasma 

lipoprotein levels. There are humans with ANGPTL3 deficiency, resulting from naturally

occurring loss-of-function mutations in the ANGPTL3 gene. These patients show lowered 

15 blood triglycerides (TG) and low density lipoprotein cholesterol (LDL-C), without any 

apparent clinical risks or complications resulting from this loss. Recent genetic and 

pharmacologic studies have validated this finding and indicated that ANGPTL3 knockdown 

may confer some protective benefits, making ANGPTL3 an attractive therapeutic target for 

the treatment of human lipoprotein metabolism disorders. Two different therapeutic 

20 inhibition strategies against ANGPTL3 have recently been validated. In one clinical trial, an 

ANGPTL3 targeting monoclonal antibody, evinacumab, has proven effective reduction in 

LDL-C and TG levels in healthy human volunteers. These results are in line with a study 

that found administration of an antisense oligonucleotides (ASO) targeting ANGPTL3 

messenger RNA (mRNA) achieved reduced lipids levels, as well as decreased progression 

25 of atherosclerosis in mice. Furthermore, lowered levels of atherogenic lipoproteins in 

humans was also observed and no serious adverse events were documented in their phase I 

randomized clinical trial. These observations strongly demonstrated that therapeutic 

antagonism of ANGPTL3 is effective and safe in reducing levels of lipids and incidence of 

atherosclerotic cardiovascular disease.  
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The CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats 

[CRISPR]/CRISPR-associated protein 9) system is one of the most revolutionary genome 

editing tools. CRISPR/Cas9 introduces DNA double-strand breaks (DSBs) in a targeted (i.e.  

sequence-specific) fashion, followed by repair of the DSBs either by nonhomologous end

5 joining (NHEJ) or homology directed repair (HDR). As compared with conventional ASO 

or antibody therapies which are transient, the CRISPR/Cas9 system can induce permanent 

loss-of-function target gene mutations which result in long-term therapeutic effects in the 

edited cells, making CRISPR/Cas9 a promising candidate for the treatment of human 

diseases. However, the safe, efficient, and specific delivery of the CRISPR/Cas9 

10 machineries has remained a tremendous technical challenge, which has limited the 

therapeutic application of this technology. The use of viral vectors (such as adenovirus or 

adeno-associated virus) often afford a very high editing efficiency, but also carry significant 

safety risks regarding the undesired insertional mutagenesis and potential biosafety 

concerns which have limited their application. In comparison, non-viral nanoparticles, such 

15 as lipid nanoparticles (LNPs), gold nanoparticles, and polymeric nanoparticles, with better 

safety profile have been developed for the delivery of CRISPR plasmid DNA, messenger 

RNA (mRNA), and ribonucleoproteins (RNPs), typically at the cost of reduced delivery 

efficiency. While CRISPR delivery in each of the DNA, mRNA, and RNP formats has 

potential strengths, mRNA delivery may be particularly promising for in vivo genome 

20 editing applications.  

SUMMARY 

In one aspect, the present disclosure provides methods of treating a human 

lipoprotein metabolism disorder or a cardiovascular disease, comprising administering to a 

subject in need thereof a lipidoid nanoparticle, which comprises a lipid, a CRISPR/Cas9 

25 mRNA, and a single guide RNA (sgRNA), wherein 

the sgRNA is single guide Angiopoietin-like 3 (sgANGPTL3) or single guide proprotein 

convertase subtilisin/kexin type 9 (sgPCSK9); 

the lipid is represented by formula I: 

RHead - R Lipid 

30 or a pharmaceutically acceptable salt thereof, wherein 

RHeadi 
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Ra 

% R',- Ra'N 
Ra-N Ra'-N, 7 

Ra- +/Z Ra"-N 
Ra-N ,-N Ra'-N ' Ra"-N 

0 ,Ra' rr' x r 

Ra, R', Ra", and Ra" each iepenndently is RLipid, H, C1-C2 alkyl, C2-C2 alkenyl, C2-C20 

alkynyl, C 3-C 20 cycloalkyl, C1-C 2o heteroalkyl, C1-C2o heterocycloalkyl, aryl, or 

heteroaryl, wherein Ra and Ra or Ra" and Ra'" are not both RLipid.  

5 Z is a C1-C2o bivalent aliphatic radical, a C-C2o bivalent heteroaliphatic radical, a bivalent 

aryl radical, or a bivalent heteroaryl radical; and 

RLipid each independently is 

R 1 R2 

R3 R4 

wherein: 

10 R1 and R2 are H, OH, NHR30, or SH; 

R3 and R4 are both H; or R3 and R4 are taken together to form an oxo (=0) group; 

X is CH2, 0, NR3 , or S; 

R30 is H, C1-6 alkyl, C1-6 alkenyl, or C1-6 alkynyl; 

m is an integer selected from 1-3; 

15 n is an integer selected from 1-14; 

p is 0 or 1; 

q is an integer selected from 1-10; and 

t is 0, 1, or 2.  

In another aspect, the present disclosure provides lipids selected from the group 

20 consisting of 

0 

S -S --- O 

0 
N 

0 -N 
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0 

O S 

N __________ __________ 

-N 

-N 

o ,and 

0 

O- S 

N N 

H 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1A is a schematic diagram of Cas9 mRNA delivery in vitro and in vivo 

illustrating formulating bioreducible lipid/Cas9 mRNA/sgRNA nanoparticle for 

CRISPR/Cas9 genome editing delivery in vitro and in vivo.  

Fig. 1B is a schematic diagram depicting the synthesis route, lipid nomenclature and 

chemical structure of amines used for lipid synthesis.  

10 Fig. 2A is a bar graph depicting the Luciferase expression of A375 cells treated with 

luciferase mRNA alone (160 ng/mL) or in the form of nanocomplexes of different lipid 

nanoparticles.  

Fig. 2B are CLSM images depicting HeLa cells transfected with RFP mRNA alone 

(320 ng/mL) or in the form of BAMEA-016B/RFP mRNA nanoparticles. Scale bars: 20 

15 [am.  

Fig. 2C is a bar graph depicting mRNA dose dependent RFP expression of HeLa 

cells treated with increased concentration of BAMEA-016B/RFP mRNA. RFP expression 

profile was quantified 24 h after mRNA delivery.  

Fig. 3A shows the chemical structures of BAMEA-016B and BAMEA-016.  

20 Fig. 3B is a bar graph depicting the cellular uptake efficiency of BAMEA

016B/RNA nanoparticles.  

-4-
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Fig. 3C are CLSM images of HeLa cells treated with BAMEA-016B/Cy3-RNA OR 

BAMEA-016/Cy3-RNA nanoparticles HeLa cells were delivered with 10 nM Cy3-RNA 

complexed with the lipids at indicated ratios for delivery, the endosome was co-stained 

using LysoTracker@Green (Scale bars: 20 [m).  

5 Fig. 3D is a plot depicting BAMEA-016B/mRNA delivery shown an enhanced RFP 

expression in HeLa cells than that of BAMEA-016 nanoparticles.  

Fig. 4A are CLSM images of HEK-GFP cells treated with Cas9 mRNA/sgGFP 

alone or BAMEA/Cas9 mRNA/sgGFP nanoparticles. Scale bar: 20 [m.  

Fig. 4B is a bar graph depicting the delivery of BAMEA/ Cas9 mRNA/sgGFP 

10 nanoparticles for fast and efficient genome editing. HEK-GFP cells were treated with 

different dose of Cas9 mRNA and sgGFP (13 nM), the GFP expression was quantified at 

different time points after delivery.  

Fig. 4C is a plot depicting the sgRNA sequence specific genome editing and GFP 

knock out using BAMEA/Cas9 mRNA/sgGFP nanoparticles. GFP-HEK cells were treated 

15 with BAMEA/Cas9 mRNA/sgGFP or BAMEA/Cas9 mRNA/scramble sgRNA 

nanoparticles, and the GFP knock out efficiency was determined 48 h post mRNA delivery.  

Fig. 4D is a plot depicting the delivery of BAMEA/Cas9 mRNA/sgHPV18 

nanoparticles efficiently and selectively prohibited HeLa cell growth.  

Fig. 5A is a bioluminescence image of the tissues of mice injected with BAMEA

20 016B/Cas9 mRNA/Cy3-RNA nanoparticles (right) or Cas9 mRNA/Cy3-RNA (free).  

Fig. 5B are fluorescent images of mouse liver injected with BAMEA-O16B/RFP 

mRNA nanoparticles indicated the efficient delivery of mRNA into hepatocytes; Scale bar: 

20 [m.  

Fig. 5C is a bar graph depicting BAMEA-016B/Cas9 mRNA/sgPCSK9 

25 nanoparticles treatment effectively decreased mouse serum PCSK9. The serum PCSK9 

level of Cas9 mRNA nanoparticle treatment was normalized to that injected with DPBS 

control.  

Fig. 6A is a bar graph depicting cytotoxicity assay of BAMEA-016B, PPPDA

N16B, LPF2K or their mRNA nanocomplexes using Alarmar Blue assay 24 h post

30 delivery.  

Fig. 6B is a bar graph depicting cytotoxicity assay of BAMEA-016B, PPPDA

N16B, LPF2K or their mRNA nanocomplexes using sulforhodamine B (SRB) assay 24 h 

post-delivery.  

-5 -
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Fig. 7 is an agarose gel electrophoresis image depicting GSH-triggered mRNA 

release from BAMEA-016B/mRNA complex.  

Fig. 8 is a bar graph depicting the GFP silencing after HEK-GFP cells were treated 

with Cas9 mRNA (160 ng/mL) and sgGFP (13 nM), nanocomplexes of different lipid 

5 nanoparticles the GFP expression was quantified at 48 h post mRNA delivery.  

Fig. 9 is a scanning electron microscope image of BAMEA-016B/Cas9 

mRNA/sgRNA nanoparticles. Scale bar: 200 nm.  

Fig. 10 is a bar graph depicting the cytotoxicity assay of BAMEA-016B/Cas9 

mRNA/sgRNA nanoparticles against HEK cells. HEK cells were treated with the 

10 nanocomplex composed of 5 g/mL lipid and increased concentration of Cas9 

mRNA/sgRNA for 10 h, followed by cell viability measurement using Alamar Blue assay.  

Fig. 11 is bioluminescence imaging of the tissues of mice injected with BAMEA

016B/Luci mRNA nanoparticles (right) or free mRNA (left).  

Fig. 12 depicts the histological analysis of the liver at two-day post-injection by 

15 haematoxylin and eosin stain. Scale bars, 20 [m.  

Fig. 13 are bar graphs depicting the liver function tests in BAMEA-016B/Cas9 

mRNA/sgPCSK9 injected mice.  

Fig. 14 is a schematic illustration of non-viral lipid nanoparticles (LNPs)-mediated 

in vivo CRISPR/Cas9-based genome editing to induce loss-of-function mutations in 

20 ANGPTL3 to lower blood lipid levels. The Cas9 mRNA and ANGPTL3-specific single 

guide RNA (sgAngptl3) are encapsulated in the LNPs and delivered to the liver hepatocytes 

to perform genome editing at the ANGPTL3 target locus, and subsequently lowering low 

density lipoprotein cholesterol (LDL-C) and triglyceride (TG) levels.  

Fig. 15A are the chemical structures of tail-branched bioreducible lipidoids.  

25 Fig. 15B is a bar graph depicting the whole body luciferase bioluminescence 

intensity of bioreducible LNPs versus MC3 LNPs measured in Balb/c mice (n = 3) at 6 h 

post-administration at a firefly luciferase (fLuc) mRNA dose of 0.5 mg/kg. Formulation: 

lipid/cholesterol/DSPC/DMG-PEG = 50/38.5/10/1.5 (molar ratio), lipid/mRNA = 12.5/1 

(weight ratio).  

30 Fig. 15C is a dynamic light scattering graph of size and distribution of 306-012B 

LNPs formulated with fLuc mRNA.  

Fig. 16A are chemical structures of three different phospholipids.  
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Fig. 16B is a bar graph depicting the efficacy of fLuc mRNA LNPs formulated with 

Cholesterol, DMG-PEG, and different phospholipid, DSPC or DOPE or DOPC.  

Fig. 16C is an image depicting biodistribution of fLuc mRNA LNPs formulated 

with Cholesterol, DMG-PEG, and different phospholipid, DSPC or DOPE or DOPC.  

5 Fig. 16D is a graph depicting the formulation parameters of LNPs formulated with 

cholesterol, DOPC, DMG-PEG at 7 different mole ratios.  

Fig. 16E is a bar graph depicting the whole body luciferase bioluminescence 

intensity of different formulations in Balb/c mice at 6 h post-injection at a fLuc mRNA 

dose of 0.5 mg/kg.  

10 Fig. 16F is a bar graph depicting whole body luciferase bioluminescence intensity 6 

h post-injection of 0.5 mg/kg fLuc mRNA for LNPs formulated with cholesterol, DOPC, 

DMG-PEG at a molar ratio of 50/38.5/10/1.5 with differing 306-012B/mRNA weight 

ratios. (n = 3) 

Fig. 17A is a schematic illustration of codelivery of Cas9 mRNA and LoxP-targeted 

15 single guide RNA (sgLoxP) to genetically engineered tdTomato reporter Ail4 mice using 

306-012B LNPs.  

Fig. 17B is an Ex vivo image of organs collected from Ail4 mice administrated 

with LNPs encapsulating Cas9 mRNA/sgLoxP (1/1.2, wt) at a total RNA dose of 1.65 

mg/kg, td Tomato fluorescence was detected by IVIS imaging system.  

20 Fig. 17C are confocal fluorescence microscopy images of liver section showed that 

td Tomato signal was mainly expressed in liver hepatocytes. (Scale bar: 20 tm) 

Fig. 18A is a graph depicting the Indels percentage following injections of 306

012B LNPs formulated with Cas9 mRNA and sgAngptl3 at a mass ratio of 2:1, 1:1.2 and 

1:2. (n = 5).  

25 Fig. 18B is a graph depicting serum ANGPTL3 levels following injections of 306

012B LNPs formulated with Cas9 mRNA and sgAngptl3 at a mass ratio of 2:1, 1:1.2 and 

1:2. (n = 5) 

Fig. 19A are graphs depicting the next generation sequence analysis of the indels in 

liver and serum analyses of ANGPTL3 protein, triglyceride, and LDL-C level of mice at 

30 day 7 post administrated with Cas9 mRNA and sgAngptl2 coloaded 306-012B LNPs at a 

total RNA dose of 3.0 mg/kg. MC-3 LNPs were used as a positive control. (n = 5 or 6). *P 

< 0.05, **P < 0.01, ***P < 0.001.  

-7-
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Fig. 19B depicts the editing frequencies of specific edited alleles in most-edited 

mouse in each treatment group.  

Fig. 19C depicts the editing frequencies at 9-top predicted off-target sites.  

Fig. 20A is a representative TEM image of 306-012B LNPs before formulated with 

5 fLuc mRNA. (Scale bar: 500 nm) 

Fig. 20B is a representative TEM image of 306-012B LNPs after formulated with 

fLuc mRNA. (Scale bar: 500 nm) 

Fig. 21 is an in vivo imaging of mice injected with fLuc mRNA loaded 306-012B 

LNPs and MC-3 LNPs. Images were taken by IVIS imaging system at 6 h post-injection.  

10 Fig. 22 is a bar graph depicting the encapsulation efficiency of 306-012B LNPs to 

fLuc mRNA.  

Fig. 23A is an ex vivo image of organs collected from Ail4/Cas9 mice 

administrated with 306-012B LNPs encapsulating sgLoxP at a dose of 0.75 mg/kg, 

tdTomato fluorescence was detected by IVIS imaging system.  

15 Fig. 23B are confocal fluorescence microscopy of liver section showed that td 

Tomato signal was mainly expressed in liver hepatocytes. (Scale bar: 20 [m) 

Fig. 24 is a dynamic light scattering graph depicting the size distribution of Cas9 

mRNA/sgAngptl3 co-loaded 306-012B LNPs.  

Fig. 25 is a gel electrophoresis image of T7E1 assays performed with genomic DNA 

20 from liver samples from mice taken 7 days after receiving the Cas9 mRNA/sgAngptl3 

coloaded 306-012B LNPs and MC-3 LNPs. Arrows show the cleavage products resulting 

from the T7E1 assays.  

Fig. 26 are graphs that showing the serum levels of AST, ALT and TNF-alpha 

measured at day 2 post-injection. (n = 5).  

25 DETAILED DESCRIPTION 

Disclosed are new approaches for systematic delivery of CRISPR/Cas9 by 

encapsulating Cas9 mRNA and sgRNA simultaneously into bioreducible lipid nanoparticle 

for efficient and very fast genome editing in vitro and in vivo. Also disclosed are 

bioreducible lipid nanoparticles composed of disulfide bond-containing hydrophobic tails 

30 for mRNA delivery and CRISPR/Cas9 genome editing (Fig. 1A and Fig. 1B).  

In this disclosure, bioreducible lipids are identified to deliver reporter mRNA and 

Cas9 mRNA/sgRNA complex both in vitro and in vivo via a screening and optimization 
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approach. The bioreducible lipids can encapsulate mRNA via electrostatic interaction to 

assemble nanoparticle, while releasing mRNA intracellularly in response to the reductive 

chemical signals through a disulfide bond exchange mechanism (Fig. 1A).  

Simultaneous delivery of Cas9 mRNA/sgRNA knocks out GFP expression of 

5 human embryonic kidney (HEK) cells with high efficiency, and an effective gene knockout 

was observed even rapidly post Cas9 mRNA delivery, which is a significant enhancement 

compared to Cas9/sgRNA RNPs delivery in terms of in vitro genome editing efficiency.  

Intravenous injection of bioreducible lipid nanoparticles effectively knocked mouse serum 

proprotein convertase subtilisin/kexin type 9 (PCSK9) down to very low level compared to 

10 non-treated mouse. The bioreducible lipid represents one of the most efficient non-viral 

CRISPR/Cas9 genome editing delivery reported so far.  

In one aspect, the present disclosure provides methods of treating a human 

lipoprotein metabolism disorder or a cardiovascular disease, comprising administering to a 

subject in need thereof a lipidoid nanoparticle, which comprises a lipid, a CRISPR/Cas9 

15 mRNA, and a single guide RNA (sgRNA), wherein 

the sgRNA is single guide Angiopoietin-like 3 (sgANGPTL3) or single guide proprotein 

convertase subtilisin/kexin type 9 (sgPCSK9); 

the lipid is represented by formula I: 

RHead_ RLipid 

20 or a pharmaceutically acceptable salt thereof, wherein 

RHeadi 

Ra 

Ra-N Ra'-N, 7 
SRa"-N 

Ra-N N Ra'-N ' Ra"-N ' 
' Ra' ' X rr Ra" 

Ra, ', R", and Ra" each iepenndently is RLipid, H, C1-C2 alkyl, C2-C2 alkenyl, C2-C20 

alkynyl, C 3-C 20 cycloalkyl, C1-C 2 o heteroalkyl, C1-C2o heterocycloalkyl, aryl, or 

25 heteroaryl, wherein Ra and Ra or Ra" and Ra'" are not both RLipid.  

Z is a C1-C2 bivalent aliphatic radical, a C-C2 bivalent heteroaliphatic radical, a bivalent 

aryl radical, or a bivalent heteroaryl radical; and 

RLipid each independently is 

-9-
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R1 R 2 

4 t q 
R3R 

wherein: 

R1 and R2 are H, OH, NHR30, or SH; 

R3 and R4 are both H; or R3 and R4 are taken together to form an oxo (=0) group; 

5 X is CH2,O, NR3 0, or S; 

R30 is H,C1-6alkyl,C1-6alkenyl, orC-6alkynyl; 

m is an integer selected from 1-3; 

n is an integer selected from 1-14; 

p is 0 or 1; 

10 q is an integer selected from 1-10; and 

t is 0, 1, or 2.  

In certain embodiments, RHeadiS 

Ra-N, 
,Z 

Ra-N R '-N 
or N .  

In certain embodiments, Ra and Ra are RLipid, H, orC-C2o alkyl.  

15 In certain embodiments, RHeadis derived from a compound selected from the group 

consisting of 

113 200 

HNH
HeN N ~NH, 

N N 
01 306 

N ^'NH H N N ' 

400 401 

In certain embodiments, R 1 and R2 are H. In certain embodiments, R1 is H; and R2 is 

OH.  

20 In certain embodiments, R3 and R4 are H. In certain embodiments, R3 and R4 are 

taken together to form an oxo (=0) group.  

In certain embodiments, Z is CH2,0, or NR. In certain embodiments, Z is CH2. In 

- 10-
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certain embodiments, Z is 0. In certain embodiments, Z is NR".  

In certain embodiments, m is 1 or 2.  

In certain embodiments, n is an integer selected from 4-12. In certain embodiments, 

n is an integer selected from 6-10.  

5 In certain embodiments, p is 0. In certain embodiments, p is 1.  

In certain embodiments, q is an integer selected from 2-8. In certain embodiments, q 

is an integer selected from 4-8.  

In certain embodiments, t is 0. In certain embodiments, t is 1.  

In certain embodiments, RLPid each independently is selected from the group 

10 consisting of 

0 

0 O S 

0 O S 

0 

H 
N S 

15 0 

H 

0 

H 
N -. S 

0 

H 

0 

N 

OH 

S 

20 OH 
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S 

OH and 

OH 

In certain embodiments, the lipid is selected from the group consisting of 

0 
S -S 0 

S -

-N 0 

N 

00 0 S - -o 

0 -N 

- - 0 - S 
N ____ ___ ____ ___ ___ 

5 0 ,and 

0 

N O -0------g-S 

-N 

~~ --l 0 -S 
N 
H 

In certain embodiments, the ratio of the lipid to the CRISPR/Cas9 mRNA is about 

3:1 to about 15:1. In certain embodiments, the ratio of the lipid to the CRISPR/Cas9 mRNA 

is about 7.5:1.  

10 In certain embodiments, the lipidoid nanoparticle further comprises cholesterol.  

In certain embodiments, the ratio of the lipid to the cholesterol is about 1:1 to about 

2:1.  

- 12-
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In certain embodiments, the lipidoid nanoparticle further comprising DOPE, DSPC, 

or DOPC, and DMG-PEG2K, wherein 

DSPC has the structure: 

0 

5 DOPE has the structure: 

0; 

DOPC has the structure: 

~H 0 

,and 

DMG-PEG2K has the structure: 

10 

In certain embodiments, the lipidoid nanoparticle further comprising DOPC and 

DMG-PEG2K.  

In certain embodiments, the ratio of the lipid to the DOPC is about 4:1 to about 6:1 

and the ratio of the lipid to the DMG-PEG2K is about 4:1 to about 100:1 to about 4:1 to 

15 about 20:1.  

In certain embodiments, the lipidoid nanoparticle has a particle size of about 25 nm 

to about 1000 nm. In certain embodiments, the lipidoid nanoparticle has a particle size of 

about 50 nm to about 500 nm.  

In certain embodiments, the human lipoprotein metabolism disorder is associated 

20 with loss-of-function mutations in ANGPTL3 gene.  

In certain embodiments, the cardiovascular disease is associated with proprotein 

convertase subtilisin/kexin type 9 gene (PCSK9).  

- 13 -
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In certain embodiments, the human lipoprotein metabolism disorder is associated 

with reduction of plasma high density lipoprotein cholesterol, serum low density lipoprotein 

cholesterol, or triglycerides level.  

In certain embodiments, the human lipoprotein metabolism disorder is associated 

5 with low levels of plasma high density lipoprotein cholesterol, high levels of serum low 

density lipoprotein cholesterol, or high levels of triglycerides.  

In certain embodiments, the cardiovascular disease is selected from the group 

consisting of homozygous familial hypercholesterolemia, and hypercholesterolemia.  

In another aspect, the present disclosure provides lipids selected from the group 

10 consisting of 

0 

SS

-N 

0 

SS 

N 

00 

O S 

-~ 0 ~ 

N 

H 

-N14 

\ -- S

-N 

Z-- --- -S 
N 

H 
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Definitions 

Unless otherwise defined herein, scientific and technical terms used in this 

application shall have the meanings that are commonly understood by those of ordinary 

skill in the art. Generally, nomenclature used in connection with, and techniques of, 

5 chemistry, cell and tissue culture, molecular biology, cell and cancer biology, neurobiology, 

neurochemistry, virology, immunology, microbiology, pharmacology, genetics and protein 

and nucleic acid chemistry, described herein, are those well-known and commonly used in 

the art.  

The methods and techniques of the present disclosure are generally performed, 

10 unless otherwise indicated, according to conventional methods well known in the art and as 

described in various general and more specific references that are cited and discussed 

throughout this specification. See, e.g. "Principles of Neural Science", McGraw-Hill 

Medical, New York, N.Y. (2000); Motulsky, "Intuitive Biostatistics", Oxford University 

Press, Inc. (1995); Lodish et al., "Molecular Cell Biology, 4th ed.", W. H. Freeman & Co., 

15 New York (2000); Griffiths et al., "Introduction to Genetic Analysis, 7th ed.", W. H.  

Freeman & Co., N.Y. (1999); and Gilbert et al., "Developmental Biology, 6th ed.", Sinauer 

Associates, Inc., Sunderland, MA (2000).  

Chemistry terms used herein, unless otherwise defined herein, are used according to 

conventional usage in the art, as exemplified by "The McGraw-Hill Dictionary of Chemical 

20 Terms", Parker S., Ed., McGraw-Hill, San Francisco, C.A. (1985).  

As used herein, the terms "optional" or "optionally" mean that the subsequently 

described event or circumstance may occur or may not occur, and that the description 

includes instances where the event or circumstance occurs as well as instances in which it 

does not. For example, "optionally substituted alkyl" refers to the alkyl may be substituted 

25 as well as where the alkyl is not substituted.  

It is understood that substituents and substitution patterns on the compounds of the 

present invention can be selected by one of ordinary skilled person in the art to result 

chemically stable compounds which can be readily synthesized by techniques known in the 

art, as well as those methods set forth below, from readily available starting materials. If a 

30 substituent is itself substituted with more than one group, it is understood that these 

multiple groups may be on the same carbon or on different carbons, so long as a stable 

structure results.  
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As used herein, the term "optionally substituted" refers to the replacement of one to 

six hydrogen radicals in a given structure with the radical of a specified substituent 

including, but not limited to: hydroxyl, hydroxyalkyl, alkoxy, halogen, alkyl, nitro, silyl, 

acyl, acyloxy, aryl, cycloalkyl, heterocyclyl, amino, aminoalkyl, cyano, haloalkyl, 

5 haloalkoxy, -OCO-CH2-0-alkyl, -OP(O)(0-alkyl)2 or -CH2-OP(O)(0-alkyl)2. Preferably, 

"optionally substituted" refers to the replacement of one to four hydrogen radicals in a 

given structure with the substituents mentioned above. More preferably, one to three 

hydrogen radicals are replaced by the substituents as mentioned above. It is understood that 

the substituent can be further substituted.  

10 Articles such as "a," "an," and "the" may mean one or more than one unless 

indicated to the contrary or otherwise evident from the context. Claims or descriptions that 

include "or" between one or more members of a group are considered satisfied if one, more 

than one, or all of the group members are present in, employed in, or otherwise relevant to a 

given product or process unless indicated to the contrary or otherwise evident from the 

15 context. The invention includes embodiments in which exactly one member of the group is 

present in, employed in, or otherwise relevant to a given product or process. The invention 

includes embodiments in which more than one, or all of the group members are present in, 

employed in, or otherwise relevant to a given product or process.  

As used herein, the term "alkyl" refers to saturated aliphatic groups, including but 

20 not limited to Ci-Cio straight-chain alkyl groups or Ci-Cio branched-chain alkyl groups.  

Preferably, the "alkyl" group refers to Ci-C6 straight-chain alkyl groups or Ci-C branched

chain alkyl groups. Most preferably, the "alkyl" group refers to Ci-C4 straight-chain alkyl 

groups or Ci-C4 branched-chain alkyl groups. Examples of "alkyl" include, but are not 

limited to, methyl, ethyl, 1-propyl, 2-propyl, n-butyl, sec-butyl, tert-butyl, 1-pentyl, 2

25 pentyl, 3-pentyl, neo-pentyl, 1-hexyl, 2-hexyl, 3-hexyl, 1-heptyl, 2-heptyl, 3-heptyl, 4

heptyl, 1-octyl, 2-octyl, 3-octyl or 4-octyl and the like. The "alkyl" group may be optionally 

substituted.  

The term "acyl" is art-recognized and refers to a group represented by the general 

formula hydrocarbylC(O)-, preferably alkylC(O)-.  

30 The term "acylamino" is art-recognized and refers to an amino group substituted 

with an acyl group and may be represented, for example, by the formula 

hydrocarbylC(O)NH-.  
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The term "acyloxy" is art-recognized and refers to a group represented by the 

general formula hydrocarbylC(0)0-, preferably alkylC(0)0-.  

The term "alkoxy" refers to an alkyl group having an oxygen attached thereto.  

Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.  

5 The term "alkoxyalkyl" refers to an alkyl group substituted with an alkoxy group 

and may be represented by the general formula alkyl-0-alkyl.  

The term "alkyl" refers to saturated aliphatic groups, including straight-chain alkyl 

groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl-substituted 

cycloalkyl groups, and cycloalkyl-substituted alkyl groups. In preferred embodiments, a 

10 straight chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., 

CI-30 for straight chains, C3-30 for branched chains), and more preferably 20 or fewer.  

Moreover, the term "alkyl" as used throughout the specification, examples, and 

claims is intended to include both unsubstituted and substituted alkyl groups, the latter of 

which refers to alkyl moieties having substituents replacing a hydrogen on one or more 

15 carbons of the hydrocarbon backbone, including haloalkyl groups such as trifluoromethyl 

and 2,2,2-trifluoroethyl, etc.  

The term "Cx.y" or "Cx-Cy", when used in conjunction with a chemical moiety, such 

as, acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups that contain 

from x to y carbons in the chain. Coalkyl indicates a hydrogen where the group is in a 

20 terminal position, a bond if internal. A C1-6alkyl group, for example, contains from one to 

six carbon atoms in the chain.  

The term "alkylamino", as used herein, refers to an amino group substituted with at 

least one alkyl group.  

The term "alkylthio", as used herein, refers to a thiol group substituted with an alkyl 

25 group and may be represented by the general formula alkylS-.  

The term "amide", as used herein, refers to a group 

0 

\N'R 
F 10 

wherein R9 and R10 each independently represent a hydrogen or hydrocarbyl group, 

or R9 and R10 taken together with the N atom to which they are attached complete a 

30 heterocycle having from 4 to 8 atoms in the ring structure.  
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The terms "amine" and "amino" are art-recognized and refer to both unsubstituted 

and substituted amines and salts thereof, e.g., a moiety that can be represented by 

R9  R9 

N' or -R1O 
'R10 10' 

wherein R9, R", and R1 ' each independently represent a hydrogen or a hydrocarbyl 

5 group, or R9 and R10 taken together with the N atom to which they are attached complete a 

heterocycle having from 4 to 8 atoms in the ring structure.  

The term "aminoalkyl", as used herein, refers to an alkyl group substituted with an 

amino group.  

The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl 

10 group.  

The term "aryl" as used herein include substituted or unsubstituted single-ring 

aromatic groups in which each atom of the ring is carbon. Preferably the ring is a 5- to 7

membered ring, more preferably a 6-membered ring. The term "aryl" also includes 

polycyclic ring systems having two or more cyclic rings in which two or more carbons are 

15 common to two adjoining rings wherein at least one of the rings is aromatic, e.g., the other 

cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or 

heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline, 

and the like.  

The term "carbamate" is art-recognized and refers to a group 

0 0 

s N oR100r N O'R10 

20 Rq R, 

wherein R9 and R10 independently represent hydrogen or a hydrocarbyl group.  

The term "carbocyclylalkyl", as used herein, refers to an alkyl group substituted 

with a carbocycle group.  

The term "carbocycle" includes 5-7 membered monocyclic and 8-12 membered 

25 bicyclic rings. Each ring of a bicyclic carbocycle may be selected from saturated, 

unsaturated and aromatic rings. Carbocycle includes bicyclic molecules in which one, two 

or three or more atoms are shared between the two rings. The term "fused carbocycle" 

refers to a bicyclic carbocycle in which each of the rings shares two adjacent atoms with the 

other ring. Each ring of a fused carbocycle may be selected from saturated, unsaturated and 

30 aromatic rings. In an exemplary embodiment, an aromatic ring, e.g., phenyl, may be fused 
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to a saturated or unsaturated ring, e.g., cyclohexane, cyclopentane, or cyclohexene. Any 

combination of saturated, unsaturated and aromatic bicyclic rings, as valence permits, is 

included in the definition of carbocyclic. Exemplary "carbocycles" include cyclopentane, 

cyclohexane, bicyclo[2.2.1]heptane, 1,5-cyclooctadiene, 1,2,3,4-tetrahydronaphthalene, 

5 bicyclo[4.2.0]oct-3-ene, naphthalene and adamantane. Exemplary fused carbocycles 

include decalin, naphthalene, 1,2,3,4-tetrahydronaphthalene, bicyclo[4.2.0]octane, 4,5,6,7

tetrahydro-1H-indene and bicyclo[4.1.0]hept-3-ene. "Carbocycles" may be substituted at 

any one or more positions capable of bearing a hydrogen atom.  

The term "carbocyclylalkyl", as used herein, refers to an alkyl group substituted 

10 with a carbocycle group.  

The term "carbonate" is art-recognized and refers to a group-OC02-.  

The term "carboxy", as used herein, refers to a group represented by the 

formula-CO2H.  

The term "ester", as used herein, refers to a group -C(O)OR 9 wherein R9 represents 

15 a hydrocarbyl group.  

The term "ether", as used herein, refers to a hydrocarbyl group linked through an 

oxygen to another hydrocarbyl group. Accordingly, an ether substituent of a hydrocarbyl 

group may be hydrocarbyl-O-. Ethers may be either symmetrical or unsymmetrical.  

Examples of ethers include, but are not limited to, heterocycle-O-heterocycle and aryl-O

20 heterocycle. Ethers include "alkoxyalkyl" groups, which may be represented by the general 

formula alkyl-O-alkyl.  

The terms "halo" and "halogen" as used herein means halogen and includes chloro, 

fluoro, bromo, and iodo.  

The terms "hetaralkyl" and "heteroaralkyl", as used herein, refers to an alkyl group 

25 substituted with a hetaryl group.  

The terms "heteroaryl" and "hetaryl" include substituted or unsubstituted aromatic 

single ring structures, preferably 5- to 7-membered rings, more preferably 5- to 6

membered rings, whose ring structures include at least one heteroatom, preferably one to 

four heteroatoms, more preferably one or two heteroatoms. The terms "heteroaryl" and 

30 "hetaryl" also include polycyclic ring systems having two or more cyclic rings in which two 

or more carbons are common to two adjoining rings wherein at least one of the rings is 

heteroaromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, 

aryls, heteroaryls, and/or heterocyclyls. Heteroaryl groups include, for example, pyrrole, 
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furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine, pyrazine, pyridazine, and 

pyrimidine, and the like.  

The term "heteroatom" as used herein means an atom of any element other than 

carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, and sulfur.  

5 The term "heterocyclylalkyl", as used herein, refers to an alkyl group substituted 

with a heterocycle group.  

The terms "heterocyclyl", "heterocycle", and "heterocyclic" refer to substituted or 

unsubstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more 

preferably 3- to 7-membered rings, whose ring structures include at least one heteroatom, 

10 preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms 

"heterocyclyl" and "heterocyclic" also include polycyclic ring systems having two or more 

cyclic rings in which two or more carbons are common to two adjoining rings wherein at 

least one of the rings is heterocyclic, e.g., the other cyclic rings can be cycloalkyls, 

cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Heterocyclyl groups 

15 include, for example, piperidine, piperazine, pyrrolidine, morpholine, lactones, lactams, and 

the like.  

The term "hydrocarbyl", as used herein, refers to a group that is bonded through a 

carbon atom that does not have a =0 or =S substituent, and typically has at least one 

carbon-hydrogen bond and a primarily carbon backbone, but may optionally include 

20 heteroatoms. Thus, groups like methyl, ethoxyethyl, 2-pyridyl, and even trifluoromethyl 

are considered to be hydrocarbyl for the purposes of this application, but substituents such 

as acetyl (which has a =0 substituent on the linking carbon) and ethoxy (which is linked 

through oxygen, not carbon) are not. Hydrocarbyl groups include, but are not limited to 

aryl, heteroaryl, carbocycle, heterocycle, alkyl, alkenyl, alkynyl, and combinations thereof.  

25 The term "hydroxyalkyl", as used herein, refers to an alkyl group substituted with a 

hydroxy group.  

The term "lower" when used in conjunction with a chemical moiety, such as, acyl, 

acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups where there are ten or 

fewer atoms in the substituent, preferably six or fewer. A "lower alkyl", for example, refers 

30 to an alkyl group that contains ten or fewer carbon atoms, preferably six or fewer. In 

certain embodiments, acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy substituents defined 

herein are respectively lower acyl, lower acyloxy, lower alkyl, lower alkenyl, lower 

alkynyl, or lower alkoxy, whether they appear alone or in combination with other 
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substituents, such as in the recitations hydroxyalkyl and aralkyl (in which case, for 

example, the atoms within the aryl group are not counted when counting the carbon atoms 

in the alkyl substituent).  

The terms "polycyclyl", "polycycle", and "polycyclic" refer to two or more rings 

5 (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in 

which two or more atoms are common to two adjoining rings, e.g., the rings are "fused 

rings". Each of the rings of the polycycle can be substituted or unsubstituted. In certain 

embodiments, each ring of the polycycle contains from 3 to 10 atoms in the ring, preferably 

from 5 to 7.  

10 The term "sulfate" is art-recognized and refers to the group-OSO3H, or a 

pharmaceutically acceptable salt thereof.  

The term "sulfonamide" is art-recognized and refers to the group represented by the 

general formulae 

o R10  O /R10 
-S-N Or S.  _SN or 0,~

o RIR 

15 wherein R9 and R" independently represents hydrogen or hydrocarbyl.  

The term "sulfoxide" is art-recognized and refers to the group-S(O)-.  

The term "sulfonate" is art-recognized and refers to the groupSO3H, or a 

pharmaceutically acceptable salt thereof.  

The term "sulfone" is art-recognized and refers to the group-S(O) 2-.  

20 The term "substituted" refers to moieties having substituents replacing a hydrogen 

on one or more carbons of the backbone. It will be understood that "substitution" or 

"substituted with" includes the implicit proviso that such substitution is in accordance with 

permitted valence of the substituted atom and the substituent, and that the substitution 

results in a stable compound, e.g., which does not spontaneously undergo transformation 

25 such as by rearrangement, cyclization, elimination, etc. As used herein, the term 

"substituted" is contemplated to include all permissible substituents of organic compounds.  

In a broad aspect, the permissible substituents include acyclic and cyclic, branched and 

unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic substituents of 

organic compounds. The permissible substituents can be one or more and the same or 

30 different for appropriate organic compounds. For purposes of this invention, the 

heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible 
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substituents of organic compounds described herein which satisfy the valences of the 

heteroatoms. Substituents can include any substituents described herein, for example, a 

halogen, a hydroxyl, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an 

acyl), a thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a 

5 phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an 

imine, a cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a 

sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or 

heteroaromatic moiety. It will be understood by those skilled in the art that the moieties 

substituted on the hydrocarbon chain can themselves be substituted, if appropriate.  

10 The term "thioalkyl", as used herein, refers to an alkyl group substituted with a thiol 

group.  

The term "thioester", as used herein, refers to a group -C(O)SR9 or -SC(O)R 9 

wherein R9 represents a hydrocarbyl.  

The term "thioether", as used herein, is equivalent to an ether, wherein the oxygen is 

15 replaced with a sulfur.  

The term "urea" is art-recognized and may be represented by the general formula 

0 

sS1 N ) N' R10 
I I 

R 9  R9 

wherein R9 and R1 independently represent hydrogen or a hydrocarbyl.  

The term "modulate" as used herein includes the inhibition or suppression of a 

20 function or activity (such as cell proliferation) as well as the enhancement of a function or 

activity.  

The phrase "pharmaceutically acceptable" is art-recognized. In certain 

embodiments, the term includes compositions, excipients, adjuvants, polymers and other 

materials and/or dosage forms which are, within the scope of sound medical judgment, 

25 suitable for use in contact with the tissues of human beings and animals without excessive 

toxicity, irritation, allergic response, or other problem or complication, commensurate with 

a reasonable benefit/risk ratio.  

"Salt" is used herein to refer to an acid addition salt or a basic addition salt.  

Many of the compounds useful in the methods and compositions of this disclosure 

30 have at least one stereogenic center in their structure. This stereogenic center may be 

present in a R or a S configuration, said R and S notation is used in correspondence with the 
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rules described in Pure Appl. Chem. (1976), 45, 11-30. The disclosure contemplates all 

stereoisomeric forms such as enantiomeric and diastereoisomeric forms of the compounds, 

salts, prodrugs or mixtures thereof (including all possible mixtures of stereoisomers). See, 

e.g., WO 01/062726.  

5 Furthermore, certain compounds which contain alkenyl groups may exist as Z 

(zusammen) or E (entgegen) isomers. In each instance, the disclosure includes both 

mixture and separate individual isomers.  

Some of the compounds may also exist in tautomeric forms. Such forms, although 

not explicitly indicated in the formulae described herein, are intended to be included within 

10 the scope of the present disclosure.  

"Pharmaceutically acceptable" means approved or approvable by a regulatory 

agency of the Federal or a state government or the corresponding agency in countries other 

than the United States, or that is listed in the U.S. Pharmacopoeia or other generally 

recognized pharmacopoeia for use in animals, and more particularly, in humans.  

15 "Pharmaceutically acceptable salt" refers to a salt of a compound of the invention 

that is pharmaceutically acceptable and that possesses the desired pharmacological activity 

of the parent compound. In particular, such salts are non-toxic may be inorganic or organic 

acid addition salts and base addition salts. Specifically, such salts include: (1) acid addition 

salts, formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric 

20 acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as acetic 

acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, 

lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, 

citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, 

methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2

25 hydroxyethanesulfonic acid, benzenesulfonic acid, chlorobenzenesulfonic acid, 2

naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo 

[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid, 

trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid , gluconic acid, glutamic 

acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; or (2) 

30 salts formed when an acidic proton present in the parent compound either is replaced by a 

metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or 

coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine, 

N-methylglucamine and the like. Salts further include, by way of example only, sodium 
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potassium, calcium, magnesium, ammonium, tetraalkylammonium, and the like; and when 

the compound contains a basic functionality, salts of nontoxic organic or inorganic acids, 

such as hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate and the 

like.  

5 The term "pharmaceutically acceptable cation" refers to an acceptable cationic 

counterion of an acidic functional group. Such cations are exemplified by sodium, 

potassium, calcium, magnesium, ammonium, tetraalkylammonium cations, and the like 

(see, e. g., Berge, et al., J. Pharm. Sci. 66 (1):1-79 (January 77).  

"Pharmaceutically acceptable vehicle" refers to a diluent, adjuvant, excipient or 

10 carrier with which a compound of the invention is administered.  

"Pharmaceutically acceptable metabolically cleavable group" refers to a group 

which is cleaved in vivo to yield the parent molecule of the structural formula indicated 

herein. Examples of metabolically cleavable groups include -COR, -COOR, -CONRR and 

-CH2OR radicals, where R is selected independently at each occurrence from alkyl, 

15 trialkylsilyl, carbocyclic aryl or carbocyclic aryl substituted with one or more of alkyl, 

halogen, hydroxy or alkoxy. Specific examples of representative metabolically cleavable 

groups include acetyl, methoxycarbonyl, benzoyl, methoxymethyl and trimethylsilyl 

groups.  

"Prodrugs" refers to compounds, including derivatives of the compounds of the 

20 invention, which have cleavable groups and become by solvolysis or under physiological 

conditions the compounds of the invention which are pharmaceutically active in vivo. Such 

examples include, but are not limited to, choline ester derivatives and the like, N

alkylmorpholine esters and the like. Other derivatives of the compounds of this invention 

have activity in both their acid and acid derivative forms, but in the acid sensitive form 

25 often offers advantages of solubility, tissue compatibility, or delayed release in the 

mammalian organism (see, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier, 

Amsterdam 1985). Prodrugs include acid derivatives well known to practitioners of the art, 

such as, for example, esters prepared by reaction of the parent acid with a suitable alcohol, 

or amides prepared by reaction of the parent acid compound with a substituted or 

30 unsubstituted amine, or acid anhydrides, or mixed anhydrides. Simple aliphatic or aromatic 

esters, amides and anhydrides derived from acidic groups pendant on the compounds of this 

invention are particular prodrugs. In some cases it is desirable to prepare double ester type 

prodrugs such as (acyloxy)alkylesters or (alkoxycarbonyl)oxy)alkylesters. Particularly the 
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Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, aryl, C7-C12 substituted aryl, and C7-C12 

arylalkyl esters of the compounds of the invention.  

"Solvate" refers to forms of the compound that are associated with a solvent or 

water (also referred to as "hydrate"), usually by a solvolysis reaction. This physical 

5 association includes hydrogen bonding. Conventional solvents include water, ethanol, 

acetic acid and the like. The compounds of the invention may be prepared e.g., in 

crystalline form and may be solvated or hydrated. Suitable solvates include 

pharmaceutically acceptable solvates, such as hydrates, and further include both 

stoichiometric solvates and non-stoichiometric solvates. In certain instances, the solvate 

10 will be capable of isolation, for example when one or more solvent molecules are 

incorporated in the crystal lattice of the crystalline solid. "Solvate" encompasses both 

solution-phase and isolable solvates. Representative solvates include hydrates, ethanolates 

and methanolates.  

A "subject"to which administration is contemplated includes, but is not limited to, 

15 humans (i.e., a male or female of any age group, e.g., a pediatric subject (e.g, infant, child, 

adolescent) or adult subject (e.g., young adult, middle aged adult or senior adult) and/or a 

non- human animal, e.g., a mammal such as primates (e.g., cynomolgus monkeys, rhesus 

monkeys), cattle, pigs, horses, sheep, goats, rodents, cats, and/or dogs. In certain 

embodiments, the subject is a human. In certain embodiments, the subject is a non-human 

20 animal. The terms "human," "patient," and "subject" are used interchangeably herein.  

An "effective amount" means the amount of a compound that, when administered to 

a subject for treating or preventing a disease, is sufficient to effect such treatment or 

prevention. The "effective amount" can vary depending on the compound, the disease and 

its severity, and the age, weight, etc., of the subject to be treated. A "therapeutically 

25 effective amount" refers to the effective amount for therapeutic treatment. A 

"prophylatically effective amount" refers to the effective amount for prophylactic treatment.  

"Preventing" or "prevention" or "prophylactic treatment" refers to a reduction in 

risk of acquiring or developing a disease or disorder (i.e., causing at least one of the clinical 

symptoms of the disease not to develop in a subject not yet exposed to a disease-causing 

30 agent, or predisposed to the disease in advance of disease onset.  

The term "prophylaxis" is related to "prevention," and refers to a measure or 

procedure the purpose of which is to prevent, rather than to treat or cure a disease. Non 

limiting examples of prophylactic measures may include the administration of vaccines; the 
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administration of low molecular weight heparin to hospital patients at risk for thrombosis 

due, for example, to immobilization, and the administration of an anti-malarial agent such 

as chloroquine, in advance of a visit to a geographical region where malaria is endemic or 

the risk of contracting malaria is high.  

5 "Treating" or "treatment" or "therapeutic treatment" of any disease or disorder 

refers, in one embodiment, to ameliorating the disease or disorder (i.e., arresting the disease 

or reducing the manifestation, extent or severity of at least one of the clinical symptoms 

thereof). In another embodiment "treating" or "treatment" refers to ameliorating at least 

one physical parameter, which may not be discernible by the subject. In yet another 

10 embodiment, "treating" or "treatment" refers to modulating the disease or disorder, either 

physically, (e.g., stabilization of a discernible symptom), physiologically, (e.g., stabilization 

of a physical parameter), or both. In a further embodiment, "treating" or "treatment" relates 

to slowing the progression of the disease.  

As used herein, the term "isotopic variant" refers to a compound that contains 

15 unnatural proportions of isotopes at one or more of the atoms that constitute such 

compound. For example, an "isotopic variant" of a compound can contain one or more 

non-radioactive isotopes, such as for example, deuterium (2H or D), carbon-13 (13C), 

nitrogen-15 ( 5N), or the like. It will be understood that, in a compound where such 

isotopic substitution is made, the following atoms, where present, may vary, so that for 

20 example, any hydrogen may be " 2H/D, any carbon may be 13 C, or any nitrogen may be 15 N, 

and that the presence and placement of such atoms may be determined within the skill of 

the art. Likewise, the invention may include the preparation of isotopic variants with 

radioisotopes, in the instance for example, where the resulting compounds may be used for 

drug and/or substrate tissue distribution studies. The radio-active isotopes tritium, i.e., 3 H, 

25 and carbon-14, i.e., 1 4C, are particularly useful for this purpose in view of their ease of 

incorporation and ready means of detection. Further, com pounds may be prepared that are 

substituted with positron emitting isotopes, such as "C, 18F, 15 and 13N, and would be 

useful in Positron Emission Topography (PET) studies for examining substrate receptor 

occupancy. All isotopic variants of the compounds provided herein, radioactive or not, are 

30 intended to be encompassed within the scope of the invention.  

It is also to be understood that compounds that have the same molecular formula but 

differ in the nature or sequence of bonding of their atoms or the arrangement of their atoms 
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in space are termed "isomers." Isomers that differ in the arrangement of their atoms in 

space are termed "stereoisomers." 

Stereoisomers that are not mirror images of one another are termed "diastereomers" 

and those that are non-superimposable mirror images of each other are termed 

5 "enantiomers." When a compound has an asymmetric center, for example, it is bonded to 

four different groups, a pair of enantiomers is possible. An enantiomer can be characterized 

by the absolute configuration of its asymmetric center and is described by the R - and S 

sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the 

plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+)- or (-)

10 isomers respectively). A chiral compound can exist as either individual enantiomer or as a 

mixture thereof. A mixture containing equal proportions of the enantiomers is called a 

"racemic mixture".  

"Tautomers" refer to compounds that are interchangeable forms of a particular 

compound structure, and that vary in the displacement of hydrogen atoms and electrons.  

15 Thus, two structures may be in equilibrium through the movement of it electrons and an 

atom (usually H). For example, enols and ketones are tautomers because they are rapidly 

interconverted by treatment with either acid or base. Another example of tautomerism is 

the aci- and nitro-forms of phenylnitromethane, that are likewise formed by treatment with 

acid or base. Tautomeric forms may be relevant to the attainment of the optimal chemical 

20 reactivity and biological activity of a compound of interest.  

As used herein a pure enantiomeric compound is substantially free from other 

enantiomers or stereoisomers of the compound (i.e., in enantiomeric excess). In other 

words, an "S" form of the compound is substantially free from the "R" form of the 

compound and is, thus, in enantiomeric excess of the "R" form. The term 

25 "enantiomerically pure" or "pure enantiomer" denotes that the compound comprises more 

than 95% by weight, more than 96% by weight, more than 97% by weight, more than 98% 

by weight, more than 98.5% by weight, more than 99% by weight, more than 99.2% by 

weight, more than 99.5% by weight, more than 99.6% by weight, more than 99.7% by 

weight, more than 99.8% by weight or more than 99.9% by weight, of the enantiomer. In 

30 certain embodiments, the weights are based upon total weight of all enantiomers or 

stereoisomers of the compound.  

As used herein and unless otherwise indicated, the term "enantiomerically pure R

compound" refers to at least about 95% by weight R-compound and at most about 5% by 
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weight S-compound, at least about 99% by weight R-compound and at most about 1% by 

weight S-compound, or at least about 99.9 % by weight R-compound and at most about 

0.1% by weight S-compound. In certain embodiments, the weights are based upon total 

weight of compound.  

5 As used herein and unless otherwise indicated, the term "enantiomerically pure S

compound" or "S-compound" refers to at least about 95% by weight S-compound and at 

most about 5% by weight R-compound, at least about 99% by weight S-compound and at 

most about 1% by weight R-compound or at least about 99.9% by weight S-compound and 

at most about 0.1% by weight R-compound. In certain embodiments, the weights are based 

10 upon total weight of compound.  

In the compositions provided herein, an enantiomerically pure compound or a 

pharmaceutically acceptable salt, solvate, hydrate or prodrug thereof can be present with 

other active or inactive ingredients. For example, a pharmaceutical composition 

comprising enantiomerically pure R-compound can comprise, for example, about 90% 

15 excipient and about 10% enantiomerically pure R-compound. In certain embodiments, the 

enantiomerically pure R-compound in such compositions can, for example, comprise, at 

least about 95% by weight R-compound and at most about 5% by weight S-compound, by 

total weight of the compound. For example, a pharma ceutical composition comprising 

enantiomerically pure S-compound can comprise, for example, about 90% excipient and 

20 about 10% enantiomerically pure S-compound. In certain embodiments, the 

enantiomerically pure S-compound in such compositions can, for example, comprise, at 

least about 95% by weight S-compound and at most about 5% by weight R-compound, by 

total weight of the compound. In certain embodiments, the active ingredient can be 

formulated with little or no excipient or carrier.  

25 The compounds of this invention may possess one or more asymmetric centers; such 

compounds can therefore be produced as individual (R)- or (S)- stereoisomers or as 

mixtures thereof.  

Unless indicated otherwise, the description or naming of a particular compound in 

the specification and claims is intended to include both individual enantiomers and 

30 mixtures, racemic or otherwise, thereof. The methods for the determination of 

stereochemistry and the separation of stereoisomers are well-known in the art.  

One having ordinary skill in the art of organic synthesis will recognize that the 

maximum number of heteroatoms in a stable, chemically feasible heterocyclic ring, whether 

- 28-



WO 2020/247604 PCT/US2020/036085 

it is aromatic or non-aromatic, is determined by the size of the ring, the degree of 

unsaturation and the valence of the heteroatoms. In general, a heterocyclic ring may have 

one to four heteroatoms so long as the heteroaromatic ring is chemically feasible and stable.  

5 EXAMPLES 

In order that the invention described herein may be more fully understood, the 

following examples are set forth. The examples described in this application are offered to 

illustrate the compounds, compositions, materials, device, and methods provided herein and 

are not to be construed in any way as limiting their scope.  

10 . CRISPR/Cas9 Genome Editing In Vivo Enabled by Bioreducible Lipid and 

Messenger RNA Nanoparticles 

Materials and Methods 

All chemicals used for lipid synthesis were purchased from Aladdin, TCI or Sigma

Aldrich and used as received. Firefly luciferase (L-7602) and Cas9 messenger RNA 

15 (mRNA) (L-7606) were purchased from Tri-Link Biotechnologies. Mouse serum PCSK9 

was determined using a PCSK9 ELISA Kit (Sino Biological, China). Cell viability was 

determined using Alamar Blue assay or SRB cell proliferation and cytotoxicity assay kit 

(Yeasen Biotech Co., Ltd. China). Cy3-RNA (43 nt) were purchased from Biosyntech 

(Suzhou, Chian). gRNA targeting GFP was prepared according to our previous reports, 

20 sgRNA targeting mouse PCSK9 and human HPV18 was prepared using in vitro 

transcription according to reported methods. RFP-encoding mRNA was prepared using in 

vitro transcription method with pcDNA3.1-RFP (Yingrun, Changsha, China) as a template 

using the RiboMAXTM Large Scale RNA Production Systems (Promega, USA). Flow 

cytometry was performed on Beckman Coulter CytoFLEX. HeLa, A375 and HEK-GFP 

25 cells were maintained in DMEM (Sigma-Aldrich) supplemented with 10% FBS (Sigma

Aldrich) and 1% penicillin-streptomycin (Life Technologies). All animal care and 

experimental procedures were approved by the Institutional Animal Care and Use 

Committees (IUCAC) at National Center for Nanoscience and Technology of China 

(NCNTC).  

30 
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Table 1. The information of sgRNA sequences 

SgRNA Sequence (5'-3') 

sgGFP GGGCACGGGCAGCUUGCCGG 

sgScr GAUAAAUAACGCGCCCAACAC 

sgHJPV18 GGGCGCUUUGAGGAUCCAACA 

sgPCSK9 CCCAUGUGGAGUACAUUGGUU 

LipidNanoparticle Formulation 

The lipids were synthesized by heating amines and acrylate or acrylamide using the 

5 methods described according to our previous reports (9), and purified using flash 

chromatography on silica gel. To make the lipid nanoparticles for mRNA delivery, the 

purified lipids were mixed with cholesterol, DOPE and DSPE-PEG2000 at a weight/weight 

ratio of 16:8:4:1 in chloroform in a 2 mL vial, the organic solvent was evaporated under 

vacuum, the resulted mixtures was further dried overnight to form a thin layer film. The 

10 lipid film was hydrated using a mixed solution of ethanol/sodium acetate buffer (200 mM, 

pH = 5.2) and added dropwise to an aqueous solution of DSPE-PEG2000. The resulted 

nanoparticles were dialysed against phosphate buffered saline (PBS) to remove excessive 

ethanol.  

Intracellular Delivery ofLuciferase and RFP mRNA 

15 To screen effective lipid nanoparticle for luciferase mRNA delivery, A375 cells 

were seeded in 24-well plate a day before experiment at a density of 50 K per well. At the 

day of experiment, 160 ng/mL luciferase mRNA was mixed with 3 tg/mL different lipid 

nanoparticles (all concentrations refer to the final RNA and lipid concentration added to 

cells) in a sodium acetate buffer (25 mM, pH = 5.2), followed by 15 min. of incubation at 

20 room temperature. The resulted mRNA lipoplexes were then added to cells, and incubated 

with cells for additional 6 h before refreshing cell culture medium. The luciferase activity 

was assayed using a firefly luciferase activity assay kit according to the instruction of 

manufacturer (Promega, USA).  

For the cytotoxicity assay of BAMEA-016B/ luciferase mRNA nanoparticles, BEK 

25 cells were treated with 160 ng/mL of luciferase mRNA nanoparticles or different lipids 

nanoparticles similarly to that of genome editing efficiency study. The cell viability was 
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determined using Alamar Blue or SRB cell proliferation and cytotoxicity assay 24 h post

delivery.  

For RFP mRNA delivery, HeLa cells seeded in 48-well plate (25 K cells per well) 

were treated with BAIEA-016B/RFP mRNA nanoparticle at the optimized conditions for 

5 8 h before changing fresh cell culture medium. The RFP expression profile was imaged 

using CLSM on an Olympus FV-IX81 confocal system or quantified by flow cytometry on 

a Beckman Coulter CytoFLEX 24 h post mRNA delivery.  

Cellular uptake and endosome escape study of BAME A-06B RNA nanoparticles 

To confirm the effectiveness of designing bioredubile lipid nanoparticle to promote 

10 RNA release in response to reductive intracellular environment, BAMEA-016B or 

BAMEA-016 was complexed with RFP mRNA at a weight ratio of 15:1 in a sodium 

acetate buffer (25 mM, pH = 5.2), followed by 15 min. of incubation at room temperature.  

The resulted nanocomplexes were treated with 5mM GSH for 4 h at 37 °C before agarose 

gel electrophoresis, and compared to mRNA nanocomplexes without GSH treatment.  

15 For the cellular uptake study of RNA nanoparticles, a 43-nucleotide RNA labeled 

with Cy3 was mixed with BAMEA-016B or BAMEA-016 nanoparticle at a weight ratio of 

30:1 before adding to HeLa cells. For the CLSM imaging study, HeLa cells were treated 

with Cy3-RNA nanoparticles for 8 h, and the endosome was co-stained using LysoTracker 

Green (ThermoFisher Scientific, USA). For the comparison of the cellular uptake efficiency 

20 of BAMEA-016B or BAMEA-016/RNA nanoparticles, cells treated with different 

concentrations of above RNA nanoparticles were analyzed using flow cytometry and 

quantifying Cy3-positive cells.  

Cas9 mRNA sgRNA delivery and genome editing in vitro 

GFP-stably expressed HEK cells were seeded in 48-well plate a day before 

25 experiment at a density of 25 K per well. At the day of experiment, 13 nM GFP-targeting 

sgRNA was mixed with different doses of Cas9 mRNA and 5 tg/mL BAMEA-016B (all 

concentrations refer to the final RNA and lipid concentration added to cells) in a sodium 

acetate buffer (25 mM, pH = 5.2), followed by 15 min. of incubation at room temperature.  

The BAMEA-016B/Cas9 mRNA/sgGFP nanoparticle was then added to cells and 

30 incubated for 10 h before changing fresh cell culture medium. The GFP expression profile 

was imaged using CLSM or quantified using flow cytometry analysis at different time 

points post Cas9 mRNA delivery, and normalized to cells without Cas9 mRNA/sgGFP 

delivery to determine genome editing efficiency. To further confirm the sequence-specific 
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genome editing of Cas9 mRNA/sgGFP delivery, sgGFP was replaced with a scramble 

sgRNA, and delivered into HEK-GFP cells similarly to that of Cas9 mRNA/sgGFP 

delivery.  

For the cytotoxicity assay of BAMEA-016B/Cas9 mRNA/sgGFP nanoparticles, 

5 HEK cells were treated with different concentration of Cas9 mRNA nanoparticles similarly 

to that of genome editing efficiency study. The cell viability was determined using Alamar 

Blue 48 h post Cas9 mRNA delivery.  

To confirm the effectiveness of BAMEA-016B/Cas9 mRNA delivery to edit 

endogenous gene for potential gene therapy, HeLa cells seeded in 48-well plate was treated 

10 with BAMEA-016B/Cas9 mRNA alone with sgHPV18 or a scramble RNA sequence 

similar to that of GFP knock out study, the cell viability was determined using Alamar Blue 

assay 48 h post Cas9 mRNA delivery.  

Cas9 mRNA sgRNA delivery and genome editing in vivo 

For in vivo luciferase mRNA delivery, female athymic nude mice were injected via 

15 tail vein with BAMEA-016B/Luci-mRNA nanoparticle at a mRNA dose of 0.6 mg/kg or 

same dose of free mRNA. 24 h post nanoparticle or free mRNA injection, the mice were 

sacrificed to harvest different tissues for bioluminescence imaging on an IVIS spectrum In 

Vivo imaging system (Perkin Elmer, USA). To study the delivery of mRNA into 

hepatocytes, BAMEA-016B/RFP mRNA nanoparticle was injected to C57BL/6 mouse 

20 similarly to luciferase mRNA delivery. 24 h post nanoparticle delivery, the mice were 

sacrificed to harvest liver for fluorescence imaging study.  

For in vivo Cas9 mRNA/Cy3-RNA delivery, female athymic nude mice were 

injected via tail vein with BAMEA-016B/ Cas9 mRNA/Cy3-RNA nanoparticle at dose of 9 

mg/kg BAMEA-016B, 0.6 mg/kg Cas9 mRNA and 0.8 mg/kg Cy3-RNA or same dose of 

25 free mRNA. 6 h post nanoparticle or free mRNA injection, the mice were sacrificed to 

harvest different tissues for bioluminescence imaging on an IVIS spectrum In Vivo imaging 

system (Perkin Elmer, USA).  

For in vivo Cas9 mRNA delivery and PCSK9 gene editing, C57BL/6 mice were 

injected via tail vein with BAMEA-016B/Cas9 mRNA/sgPCSK9 or BAMEA-016B/Cas9 

30 mRNA/sgRNA with a scramble sgRNA sequence at a dose of 9 mg/kg BAMEA-016B, 0.6 

mg/kg Cas9 mRNA and 0.8 mg/kg sgRNA. Two days after nanoparticle injection, the mice 

were sacrificed to withdraw mouse serum for PCSK9 and liver toxicity assay. Meanwhile, 
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liver tissues were collected for H&E staining to study the possible liver injury of 

nanoparticle injections.  

Example 1. Synthesis and Screening of Effective Lipids for mRNA Delivery 

5 Figs. 2A - 2C are graphs and images depicting the intracellular delivery of 

Luciferase and RFP mRNA.  

The bioreducible lipids was synthesized by heating amine and acrylates or 

acrylamides featuring a disulfide bond according to our previous reports (Fig. 1A). The 

lipids were named by amine number or name followed by 016B or N16B to discriminate 

10 the use of acrylate or acrylamide, respectively (Fig. 1B). The as-purified lipids were 

formulated with cholesterol, 1, 2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), and 

DSPE-PEG2ooo for all cellular delivery experiments in this study (see Materials and 

Methods for details). To facilitate the screening of effective lipids for mRNA delivery, 

luciferase-encoding mRNA was assembled with different lipids at weight ratio of 1:15 to 

15 transfect A375 human melanoma cells. The luciferase expression of transfected A375 cells 

was measured and compared to cells treated with luciferase mRNA alone or luciferase 

mRNA complexed with a commercial transfection lipid, Lipofectamine 2000 (LPF2K). As 

shown in Fig. 2A, cells treated with mRNA alone did not show detectable luciferase 

expression, indicating that mRNA alone is not able to enter cells, while cells treated with 

20 the complexes of mRNA and lipids shown varied luciferase expression that depends on the 

amine and tail structure of the lipids. Two bioreducible lipids, BAMEA-016B (amine 11) 

and PPPDA-N16B (amine 13) delivered luciferase mRNA in a comparable efficiency to 

that of LPF2K. A further study of the biocompatibility of the two lipids indicated that the 

mRNA lipoplexes of BAMEA-016B and PPPDA-N16B showed a lower cytotoxicity than 

25 LPF2K (Fig. 6A and Fig. 6B), highlighting the advantage and necessity of designing 

combinatorial lipid nanoparticle for discovering efficient yet biocompatible nanocarriers for 

mRNA delivery. The representative lipid, BAMEA-016B, is selected for detailed mRNA 

delivery and CRISPR/Cas9 genome editing studies.  

The representative lipid BAMEA-016B is a general nanocarrier for mRNA 

30 delivery, as evidenced by its capability and high efficiency to deliver red fluorescent protein 

(RFP)-encoding mRNA into HeLa cells. The treatment of human cervical cancer cells 

(HeLa) with BAMEA-016B/RFP mRNA nanoparticles resulted in efficient RFP expression 

(Fig. 2B). Flow cytometry analysis (Fig. 2C) indicated that the RFP-positive cells is 

- 33 -



WO 2020/247604 PCT/US2020/036085 

dependent on mRNA dose, and the transfection efficiency could be as high as 90% when 

160 ng/mL of RFP mRNA was delivered into HeLa cells. Altogether, both luciferase and 

RFP mRNA delivery demonstrated the effectiveness of BAMEA-016B nanoparticle for 

efficient yet safe mRNA delivery.  

5 

Example 2. mRNA Delivery Using BAMEA-016B or BAMEA-016 

Figs. 3A- 3D are graphs and images depicting cellular uptake and endosome escape 

study of BAMEA-016B/RNA nanoparticles.  

Figs. 4A - 4D CRISPR/Cas9 mRNA delivery and genome editing in cultured cells.  

10 To further elaborate that the integration of disulfide bonds into BAMEA-016B 

promotes intracellular mRNA release to enhance mRNA transfection efficiency, we 

synthesized a control lipid with a chemical structure similar to BAMEA-016B, while 

lacking the disulfide bond, named as BAMEA-016 (Fig. 3A). Agarose gel electrophoresis 

study indicated that BAMEA-016B and BAMEA-016 showed comparable mRNA 

15 encapsulation efficiency (Fig. 7). Interestingly, glutathione (GSH) treatment (5 mM) 

resulted in the efficient release of mRNA from BAMEA-016B/mRNA complex, but not 

from the BAMEA-016/mRNA complexes. The similar mRNA encapsulation capability 

was further confirmed by the comparable size and zeta potential of the two mRNA 

complexes, as revealed by the dynamic light scattering (DLS) analysis (Table 2).  

20 Table 2. Size and zeta-potential of representative lipid and lipid/mRNA nanoparticles 

Sample Size (nm) Zeta potential (mV) 

BAMEA-016 93.3 2.3 26.4 1.3 

BAMEA-016/RFP mRNA 138.5 1.0 18.7 0.8 

BAMEA-016B 108.7 0.5 25.3 0.9 

BAMEA-016B/RFP mRNA 154.4 0.3 18.9 3.8 

BAMEA-016B/Cas9 mRNA/sgRNA 233.6 2.3 10.4 0.6 

It is also of note that BAMEA-016B or BAMEA-016 showed a comparable RNA 

delivery efficiency. The treatment of HeLa cells with fluorescent-labeled RNA complexes 

(10 nM) of BAMEA-016B or BAMEA-016 resulted in RNA internalization efficiency 

higher than 90% at all different lipid and RNA ratios (Fig. 3B). Confocal laser scanning 
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microscopy (CLSM) imaging of HeLa cells, however, indicated that the BAMEA

016B/RNA treated cells shown a higher endosome escape efficiency than that of BAMEA

016/RNA treatment (Fig. 3C), this is mostly due to the bioreducible nature of BAMEA

016B that facilitates the release of RNA more efficiently in response to the reductive 

5 intracellular environment. Moreover, RFP mRNA delivery using BAMEA-016B 

nanoparticles resulted in a higher RFP expression in HeLa cells than that of BAMEA-016 

facilitated mRNA delivery. For example, the delivery of 160 ng/mL RFP mRNA using 

BAMEA-016B resulted in four-time fold enhancement of RFP expression than using 

BAMEA-016 nanoparticles (Fig. 3D).  

10 Having demonstrated the effectiveness of using BAMEA-016B for reporter mRNA 

delivery, the capability of BAMEA-016B to simultaneously deliver Cas9 mRNA and 

sgRNA for genome editing was examined next. Cas9 mRNA is around 4500 nucleotides in 

size, it is much longer than luciferase or RFP mRNA (-1000 nt ) and therefore much more 

difficult for intracellular delivery. To further elaborate the efficacy of the library of 

15 bioreducible for Cas9 mRNA delivery and genome editing, GFP stably-expressed HEK 

cells were treated with the lipid nanoparticle encapsulating Cas9 mRNA and GFP-targeting 

sgRNA, and monitored the GFP expression change before and after mRNA delivery. The 

on-target GFP genome editing could induce the shift of reading frame of GFP gene, and 

thereby preventing GFP expression. As shown in Fig. 8, seven of the thirty-two lipids can 

20 efficiently deliver Cas9 mRNA and sgRNA to knock down GFP expression of HEK cells, 

among which lipid BAMEA-016B showed the highest genome editing and GFP knock out 

efficiency. It is found that the electrostatic interaction of BAMEA-016B and Cas9 

mRNA/sgRNA assembled well-dispersed nanoparticles around 230 nm in size (Table 2, 

Fig. 9). Meanwhile, the BAMEA-016B/Cas9 mRNA nanocomplex is highly biocompatible 

25 for genome editing delivery. HEK cells treated with different concentrations of BAMEA

016B/Cas9 mRNA nanocomplex all remained viability greater than 90%, which is also 

higher than BEK cells treated with LPF2K/Cas9 mRNA/sgRNA nanocomplex (Fig. 10).  

CLSM imaging indicated that BAMEA-016B/Cas9 mRNA/sgGFP nanoparticle 

treatment resulted in a complete loss of the GFP fluorescence of HEK-GFP cells, while free 

30 Cas9 mRNA and sgRNA treatment did not shown similar GFP knock out effect (Fig. 4A).  

Quantitative analysis of GFP expression of HEK-GFP cells showed that with the 

concentration of Cas9 mRNA delivered to cells increased from 20 ng/mL to 160 ng/mL, the 

GFP knock out efficiency increased from 35% to higher than 90% accordingly (Fig. 4B).  
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Meanwhile, when the sgGFP was replaced with a scramble sgRNA, an effective genome 

editing and cellular GFP loss was not observed (Fig. 4C). It is noticeable that BAMEA

016B/Cas9 mRNA/sgRNA treatment knocked out GFP expression at protein level very fast 

(Fig. 4B). 40% GFP knock out was observed as early as 24 h post Cas9 mRNA delivery, 

5 and this ratio was increased up to 90% 36 h post Cas9 mRNA delivery, though a further 

extension of delivery time did not increase the genome edit efficiency.  

Example 3. BAMEA-016B Mediated Cas9 mRNA Delivery is Able to Regulate 

Endogenous Gene Expression 

10 Figs. 5A - 5C are graphs and images depicting Cas9 mRNA/sgRNA delivery and 

genome editing in vivo.  

Further, it is shown that BAMEA-016B mediated Cas9 mRNA delivery is able to 

regulate endogenous gene expression, and therefore of great potential for developing new 

gene therapy. Human papillomavirus type 18 (HPV18), an essential gene that promotes 

15 human cervical cancer progression was selected as a target to study. SgRNA that targets 

HPV18 was delivered into HeLa cells along with Cas9 mRNA using BAMEA-016B, the 

viability of HeLa cells followed the treatment was measured and compared to that with 

scramble sgRNA and Cas9 mRNA treatment. As shown in Fig. 4D, BAMEA-016B/Cas9 

mRNA/sgHPV18 treatment significantly prohibited HeLa growth compared to that of a 

20 scramble sgRNA and Cas9 mRNA delivery (Fig. 4D). For example, the delivery of 320 

ng/mL Cas9 mRNA and 26 nM sgHPV18 reduced HeLa cell viability down to 30%, while 

the replacement of sgHPV18 with a scramble sgRNA did not show similar effect on 

prohibiting HeLa cell growth.  

To further demonstrate the potential of BAMEA-016B nanoparticle for in vivo 

25 mRNA delivery and CRISPR/Cas9 genome editing, proprotein convertase subtilisin/kexin 

type 9 (PCSK9), an enzyme secreted from hepatocytes and involved cholesterol 

homeostasis was selected as a target to study. PCSK9 plays an important role in lipid 

metabolism by modulating the density of low-density lipoprotein cholesterol receptors 

(LDL-R) in liver, genetic studies reveal that the loss of PCSK9 is associated with a reduced 

30 risk of cardiovascular disease.  

The biodistribution of BAMEA-016B nanoparticle for in vivo mRNA delivery was 

first studied. To this end, BAMEA-016B/Luciferase mRNA nanoparticle or fluorescently 

labeled BAMEA-016B/Cas9 mRNA/Cy3-RNA nanoparticles were formulated and 
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intravenously injected to mice via tail vein at an mRNA dosage of 0.6 mg/kg or 0.8 mg/kg 

sgRNA, followed by bioluminescence or fluorescence imaging of tissue organs to study the 

biodistribution of the nanoparticles. As shown in Fig. 11 and Fig. 5A, the injection of 

BAMEA-016B/Luciferase mRNA nanoparticle resulted in effective expression of 

5 luciferase in mouse liver, while BAMEA-016B/Cas9 mRNA/Cy3-RNA nanoparticle 

administration showed effective accumulation of fluorescent signal in mouse liver. A 

detailed cellular localization study by delivering BAMEA-016B/RFP mRNA nanoparticles 

revealed that the BAMEA-016B/RFP mRNA nanoparticle was mostly accumulated in 

hepatocytes (Fig. 5B), which could be used for PCSK9 genome editing in hepatocytes, as to 

10 be discussed below.  

The potential and efficacy of BAMEA-016B nanoparticle for in vivo genome 

editing was studied by injecting BAMEA-016B/Cas9 mRNA/sgPCSK9 nanoparticles into 

C57BL/6 mice, followed by serum PCSK9 level quantification to evaluate the in vivo 

genome editing efficacy. As shown in Fig. 5C, the intravenous injection of BAMEA

15 016B/Cas9 mRNA/sgPCSK9 nanoparticle reduced mouse serum PCSK9 down to 20% of 

that with DPBS injection or BAMEA-016B/Cas9 mRNA/scramble sgRNA nanoparticle 

injections (Fig. 5C). Meanwhile, histological examination of the mouse liver after 

BAMEA-016B/Cas9 mRNA/sgRNA nanoparticle treatment using haematoxylin and eosin 

(H&E) staining did not show signs of inflammation (Fig. 12). Moreover, the nanoparticle 

20 injections did not induce obvious hepatocellular injury, as revealed by the minimal change 

of serum aspartate transaminase (AST), alanine aminotransferase (ALT), and total bilirubin 

of mice with all injections (Fig. 13). Altogether, the above results clearly demonstrated the 

high efficacy and biocompatibility of BAMEA-016B nanoparticle for in vivo genome 

editing.  

25 

II. Lipid Nanoparticles Mediated Delivery of CRISPR/Cas9 mRNA for In Vivo 

Genome Editing of ANGPTL3 

Materials and Methods 

LNPs Formulation 

30 The lipidoids were synthesized as per our previous reports. LNPs were prepared 

using a NanoAssemblr microfluidic system (Precision Nanosystems). Briefly, lipidoids, 

cholesterol (Sigma), phospholipids (DSPC, DOPE, and DOPC, Avanti Polar Lipids), and 

DMG-PEG (Avanti Polar Lipids) were dissolved in 100% ethanol at molar ratios of 
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50/38.5/10/1.5 at a final lipidoids concentration of 10 mg/mL. Cas9 mRNA and gRNA 

(either sgANGPTL3 or sgLoxP) were mixed at the appropriate weight ratio in sodium 

acetate buffer (25 mM, pH 5.2). The mRNA solution and the lipid solution were each 

injected into the NanoAssemblr microfluidic device at a ratio of 3:1, and the device resulted 

5 in the rapid mixing of the two components and thus the self-assembly of LNPs.  

Formulations were further dialyzed against PBS (10 mM, pH 7.4) in dialysis cassettes 

overnight at 4° C. The particle size of formulations was measured by dynamic light 

scattering (DLS) using a ZetaPALS DLS machine (Brookhaven Instruments). RNA 

encapsulation efficiency was characterized by Ribogreen assay.  

10 In vivo LNPs Delivery 

All procedures for animal experiment were approved by the Tufts University 

Institutional Animal Care and Use Committee (IACUC) and performed in accordance with 

the National Institutes of Health (NIH) guidelines for the care and use of experimental 

animals. All the animals were ordered from Charles River. Female Balb/c mice (6-8 weeks) 

15 were used for in vivo firefly luciferase mRNA (fLuc mRNA, TriLink Biotechnologies) 

encapsulated LNPs screening and formulations optimization. Briefly, fLuc mRNA LNPs 

were intravenously injected into the mice at a dose of 0.5 mg/kg mRNA. At predetermined 

time point, mice were injected with 100 tL of D-Luciferin potassium salt (Goldbio) 

solution (15 mg/mL in PBS), anesthetized under isoflurane anesthesia, and measured by 

20 IVIS imaging system (Caliper Life Sciences).  

In vivo Cas9 mRNA sgLoxP delivery 

Cas9 mRNA (TriLink Biotechnologies) and LoxP-targeted single guide RNA 

(sgLoxP, sequence: 5'-AAGTAAAACCTCTACAAATG, Synthego) were coloaded into 

306-012B LNPs and intravenously injected into female Ail4 mouse at a dose of 1.65 

25 mg/kg total RNA. At day 7 post-injection, mouse organs were collected and imaged by 

IVIS to detect the tdTomato expression. The liver tissue was further sectioned.  

Immunostaining 

Tissue samples were embedded with OCT, frozen completely in liquid nitrogen, and 

stored at -80 °C until ready for sectioning. The frozen tissue block was sectioned into a 

30 desired thickness (10 tm) using the cryotome and placed onto glass slides suitable for 

immunofluorescence staining. The tissue sections were fixed with pre-cooled acetone (-20 

C) for 10 min, and then washed twice with PBS, 5 min each. The fixed tissue sections were 

incubated in 10% BSA blocking buffer at room temperature (r.t.) for 1 h, and then washed 
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with PBS. A hepatocyte specific primary antibody (1:100 diluted in 1% BSA buffer, anti

hepatocyte specific antigen (HepParl), Novus) was applied to the sections on the slides and 

incubated in a humidified chamber at 4 C overnight. The slides were rinsed with PBS for 2 

changes, 5 min each, and then stained with eFlour660 conjugated F(ab')2-Goat anti-mouse 

5 secondary antibody (1:50, Invitrogen) s and incubated in a humidified chamber protected 

from light at room temperature for 1 h, and then washed 3 times with PBS. Fluorescent 

mounting medium containing DAPI(Sigma) was used to coverslip the slides. Sections were 

analyzed using a Leica SP8 confocal microscope.  

In vivo genome editing of ANGPTL3 

10 Guide RNA sequence targeting ANGPTL3 gene was designed using the Benchling 

software. Female wild-type C57BL/6 mice were intravenously dosed with Cas9 mRNA and 

ANGPTL3-targeted single guide RNA (sgAngptl3, sequence: 5'

AGCCCTTCAACACAAGGTCA, Synthego) co-loaded 306-012B LNPs at a dose of 1.0, 

2.0, and 3.0 mg/kg in total RNA. PBS administrated mice were treated as negative control.  

15 At day 7 post-injection, mice were sacrificed, blood was collected for circulating 

ANGPTL3 protein and blood lipids quantitation by ELISA, and liver tissue was collected 

from the median and left lateral lobe for DNA extraction and next generation sequence 

(NGS) analysis. In addition, to evaluate the in vivo toxicity and immune response, blood 

was collected and proceeded to serum from mice 2 days after the injection. Aspartate 

20 aminotransferase (AST) and alanine aminotransferase (ALT), and tumor necrosis factor 

alpha (TNF-alpha) were measured using assay kits for AST (G-Biosciences), ALT (G

Biosciences), and TNF-alpha (R&D Systems) per manufacturer's protocols.  

NGS Sequencing Analysis 

DNA was extracted from the median and left lateral lobe of the liver using a 

25 commercial extraction kit (Qiagen DNEasy Blood & Tissue). PCR primers were designed 

to amplify the region surrounding the target site in the Angptl3 gene, or the regions 

surrounding the predicted off-target sites (Table Si). Off-target sites were predicted using 

the Cas Off Finder software (rgenome.net/cas-offinder/). PCR amplicons were prepared for 

sequencing on an Illumina MiSeq (Tufts Genomics Core Facility). Sequencing data was 

30 analyzed using the OutKnocker 2 software (outknocker.org/outknocker2.htm).  
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Serum ANGPTL3 protein, low density lipoprotein cholesterol (LDL-C), and triglyceride 

(TG) analysis 

Mouse blood was collected without using an anticoagulant and allow to clot for 2 h 

at r.t., and centrifuged at 2000 x g for 15-20 min at r.t. to collect mouse serum. Serum 

5 levels of ANGPTL3 protein, LDL-C, and TG were determined using a Mouse 

Angiopoietin-like 3 Quantikine ELISA kit (R&D systems), Mouse LDL-Cholesterol kit 

(Crystal Chem), and Triglyceride Colorimetric Assay kit (Cayman Chemical) as per 

manufacturer's protocols, respectively.  

T7E] cleavage assay 

10 The genomic regions flanking the on-target sites were amplified using extracted 

genomic DNA template, Platinum SuperFi Green DNA polymerase (Invitrogen), and 

specific primers (Table 3).  

Table 3: PCR primers used for these experiments 

ID Forward Reverse 

Angptl3 CTCCAAAGCCCTGACCTTGT TCTGCACCTTCAGAGCCAAA 
NGS 

Angptl3 TTCTGCACCTTCAGAGCCAA GCAAAGCAAACCCTGAACTGA 
T7E1 

Offi ACCTTGGTTAGGATGCCTGC TTGCATTCCTGTCAGAGTGAT 

Off2 ACATAGCCATCCCCCAACAA GCTGCAACTTGGTGCTACCT 

Off3 TGACATGACTCATTGCCACCA GTGAACCATATCTTAATAGCACCAT 

0ff4 TCTAAATGCCAGGGTTCTGACT CATGCCATGTGGGGTGATACAA 

Off5 TACCCAGCCATATTGTGCAG AGAAGACCA(iATAGAAGTCAG(iATG 

Off6 CGGATGTTTGCATGAGGGGA GGTTAGCTGCTGGACACTGA 

Off7 G(iTGTCCACTTGTTAAATGTCA ACAACAACATGGAAAACTCTA 

Off8 GCCAGCCACAGTTTTCATCG GGGAGTCACAGTCATGGGTC 

Off9 GCAGTCATCAGACA(i(iAGGG GCAGCTCTCCAATCCAGACA 

The following cycles were run: 30 s at 98 C, followed by 33 cycles of 10 s at 98 C 

15 ,15 s at 65 C, and 30 s at 72 C, followed 10 min at 72 C. The PCR products were purified 

using the GeneJET PCR Purification Kit (Thermo Scientific). 400 ng of purified PCR 

products were hybridized in NEBuffer 2 (New England Biolabs) by heating to 95°C for 5 

min, followed by a 2 C / second ramp down to 85 C and a 0.1 °C / second ramp down to 

25 C on a AppliedBiosystems PCR system (Thermo Fisher Scientific). The annealed 

20 samples were digested by T7 Endonuclease I (New England Biolabs) at 37 C for 15 min, 
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followed by incubating at 65 C for 5 min to stop the reaction. The products were further 

purified and run on a 4-20% Novex TBE gel (Invitrogen).  

Statistical analysis 

Data were expressed as mean SD. All data were analyzed using Graphpad Prism 

5 software. *p < 0.05 was considered significant, and **p < 0.01, ***p < 0.001 were 

considered highly significant.  

Example 4. In Vivo Screening of Lipid Nanoparticles for mRNA Delivery.  

Figs. 15A - 15C depict syntheses of lipidoid nanoparticles.  

10 The tail-branched bioreducible lipidoids were prepared via a combinatory solvent 

free Michael-Addition reaction between disulfide bond-incorporated acrylate lipid tails and 

amine-containing heads. (Fig. 15A). The in vivo mRNA delivery efficacy of these lipids 

was first evaluated by encapsulating firefly luciferase mRNA (fLuc mRNA) into LNPs and 

delivering these LNPs intravenously to female wild-type Balb/c mice. These LNPs were 

15 formulated with our synthetic ionizable lipids, along with the excipient compounds 

cholesterol, DSPC, and DMG-PEG. Representative transmission electron microscopy 

images of blank (unloaded) and fLuc mRNA-loaded LNPs were shown in Fig. 20A and 

Fig. 20B. The gold standard MC-3 LNPs was included as a positive control. 6 hours after 

mRNA delivery, mice were injected intraperitoneally with luciferin substrate, and whole

20 body fLuc activity was measured using an IVIS in vivo imaging system (PerkinElmer). As 

shown in Fig. 15B, mRNA delivery with 306-012B, 113-012B, and 306-O0B LNPs 

resulted in comparable or even higher luciferase bioluminescence intensity as compared 

with MC-3 LNPs delivery. In vivo images of mouse clearly showed that the luciferase 

protein was mainly expressed in the liver (Fig. 21). 306-012B was used as the 

25 representative lipid for further experiments. The fLuc mRNA could be efficiently 

encapsulated into the 306-012B LNPs with an encapsulation efficiency of -98% (Fig. 22).  

Following the encapsulation of fLuc mRNA, 306-012B LNPs had an average diameter of 

112 nm (Fig. 15C).  

30 
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Example 5. Optimization of the Formulation of 306-012B LNPs.  

Figs. 16A - 16F depict the optimization of fLuc mRNA 306-012B LNPs 

formulations.  

In order to further increase the luciferase expression in vivo, we optimized a variety 

5 of formulation parameters used for the assembly of these LNPs, including the excipient 

phospholipid identity, the molar composition ratios of the four-components of the LNPs 

formulation, and the lipid/mRNA weight ratio of fLuc mRNA encapsulated 306-012B 

LNPs.  

First, two additional phospholipids DOPE and DOPC (Fig. 16A) which have similar 

10 structure, but differing head groups and tail saturation comparing to the original DSPC 

phospholipid, were selected to evaluate the effect of phospholipid excipient on the efficacy 

of luciferase expression in vivo. DOPC and DOPE each contain one degree of unsaturation 

in the carbon tail, while DSPC is fully saturated. Furthermore, DSPC and DOPE each 

contain a quaternary amine headgroup, while DOPE contains a primary amine headgroup.  

15 Each of these features has been reported to influence LNP delivery efficiency in the 

literature. It has been reported that quaternized amine head groups show a stronger proton 

sponge effect than primary amine head, which can facilitate the endosomal escape of the 

cargo mRNA into cytoplasm, thus increasing translation of the mRNA to protein.  

Furthermore, the degree of saturation of the lipid tail has been shown to influence 

20 membrane fluidity, which may also influence endosomal escape. Unsaturated lipid tails 

may result in higher membrane fluidity, which may also help to improve endosomal escape 

via destabilization of the endosomal membrane upon fusion of the LNP with the membrane.  

Taken together, we would hypothesize that LNPs formed with DOPC, containing a 

quaternary amine and unsaturated tail, would show the most efficient fLuc delivery. As 

25 shown in Fig. 16B and Fig. 16C, fLuc mRNA LNPs formulated with DOPC indeed 

resulted in significantly higher luciferase expression in the liver than that of formulations 

with DOPE and the original DSPC phospholipid. fLuc mRNA delivered with DOPC

containing LNPs resulted in approximately 4-fold higher luminescence signal compared 

with the original DSPC-containing LNPs.  

30 In initial screenings, the active lipid and excipient components were formulated at a 

molar ratio of [Lipid: Cholesterol : DSPC : DMG-PEG] of [50: 38.5 : 10: 1.5]. After 

identifying the optimal phospholipid as DOPC, and adjusting the formulation accordingly, 

LNPs formulated at a variety of molar ratios was tested to identify the optimal parameters 
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(Fig. 16D). As shown in Fig. 16E, the original formulation 0 (306-012B : cholesterol : 

DOPC : DMG-PEG at a molar ratio of 50 : 38.5 : 10: 1.5) displayed the highest luciferase 

bioluminenscence intensity; none of the new formulation parameters could suprass the 

original 

5 In an effort to further increase the in vivo efficacy, the LNPs with this optimal ratio 

of four components were formulated with different weight ratios of active lipid 306-012B 

mRNA ranging from 5 : 1 to 25 : 1. Interestingly, it is found that the highest efficacy was 

achieved when the weight ratio was 7.5 : 1. It appears as though increasing the amount of 

lipid beyond this point did not benefit the in vivo delivery efficacy (Fig. 16F). Collectively, 

10 these results indicated that the opimized formulation of 306-012B LNPs had 50% 306

012B, 38.5% cholesterol, 10% DOPC, and 1.5% DMG-PEG molar composition with a 

7.5/1 weight ratio of 306-012B/mRNA.  

Example 6. In vivo hepatocytes specific codelivery of Cas9 mRNA and sgRNA with 

15 mRNA-optimized LNPs.  

Figs. 17A - 17C depict 306-012B LNPs enabled Cas9/sgLoxP-mediated genome 

editing in Ail4 mice.  

Fig. 23A - 23B are images that depicts 306-012B LNPs enabled sgLoxP-mediated 

genome editing in Ail4/Cas9 crossing mice.  

20 Identification of the specific cell types that are edited by Cas9 mRNA/sgRNA LNPs 

is of vital importance to predict the potential applications of a CRISPR delivery system.  

The Ail4 reporter mouse line, which is genetically engineered with a LoxP-Flanked STOP 

cassette controlling tdTomato expression, was used. While this mouse line is frequently 

used with Cre recombinase, successful CRISPR-mediated excision of the LoxP-flanked 

25 stop codon will also induce the expression of tdTomato. By examining the cells which have 

tdTomato expression, cell types our LNP delivery system could successfully target can be 

determined.  

To validate this approach, we first used the 306-012B LNPs to deliver the LoxP

targeted sgRNA (sgLoxP) to mice engineered to express both the Ail4 construct and a 

30 constitutively-expressed Cas9 construct (Ail4+/Cas9+ mouse model). As shown in Fig.  

23A and Fig. 23B, delivery of sgLoxP with our LNP system resulted in red fluorescence 

detected specifically in the liver. Interestingly, further histological analysis revealed that the 
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tdTomato signal was mainly observed in the liver hepatocytes, indicating that 306-012B 

LNPs can also specifically deliver sgRNA to this therapeutically relevant cell type.  

Next, Cas9 mRNA and sgLoxP were co-formulated into one single LNPs and 

injected into Ail4 mice via tail vein at 1.65 mg/kg total RNA dose (Fig. 17A). Seven days 

5 after delivery, organs were harvested and imaged ex vivo using the IVIS system. The ex 

vivo image of mouse organs analyzed by IVIS system showed that this system could indeed 

induce red fluorescence, indicating successful functional codelivery of both the mRNA and 

sgRNA components, and that tdTomato signal was predominantly detected in the liver (Fig.  

17B). Immunofluorescent staining with a hepatocyte specific biomarker was further 

10 performed, and the confocal images demonstrated that the majority of the tdTomato protein 

was expressed in the hepatocytes (Fig. 17C). These findings strongly indicated that 306

012B LNPs can specifically transport the CRISPR machinery to the liver hepatocytes.  

Example 7. In Vivo Genome Editing of ANGPTL3.  

15 Figs. 18A - 18B depict 306-012B LNPs-mediated significant levels of in vivo 

genome editing of ANGPTL3 in wild-type C57BL/6 mice.  

Figs. 19A - 19C show that 306-012B LNPs is more efficient than MC-3 LNPs in 

inducing the loss-of-function mutations in ANGPTL3 through CRISPR/Cas9-based genome 

editing.  

20 Next, the capability of 306-012B LNPs to deliver CRISPR/Cas9 mRNA to 

manipulate the expression of a functional endogenous gene is validated. The ANGPTL3 

gene, encoding angiopoietin-like 3 (ANGPTL3), a central regulator of lipoprotein 

metabolism which inhibits both lipoprotein lipase and endothelial lipase activity, was 

selected as a target to study. Wild-type C57BL/6 mice were used to study the non-viral 

25 Cas9 mRNA/sgAngptl3 LNPs-mediated in vivo genome editing of ANGPTL3. Cas9 

mRNA and sgAngptl3 were encapsulated into the 306-012B LNPs simultaneously. Given 

that the CRISPR/Cas9 system contains two elements, Cas9 mRNA and sgRNA, the ratio of 

these two components may affect the in vivo genome editing efficacy. To this end, the mice 

is injected with 306-012B LNPs co-formulated with different Cas9 mRNA to sgAngptl3 

30 mass ratios of 2:1, 1:1.2, and 1:2 at a total RNA dose of 3.0 mg/kg. At day 7 after injection, 

blood serum was collected for ELISA analysis of serum ANGPTL3 protein levels, and liver 

tissue samples were collected for DNA extraction and NGS sequencing to determine 

targeted Cas9-mediated genome editing. It is observed genome editing in mice liver and the 
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reduction of serum ANGPTL3 protein level at all Cas9 mRNA/sgAngptl3 ratios, however, 

no significant differences were observed between these groups (Fig. 18A and Fig. 18B).  

1:1.2 Cas9 mRNA/sgAngptl3 ratio was used for the following experiments. The Cas9 

mRNA/sgAngptl3 encapsulated 306-012B LNPs had similar characteristics as fLuc mRNA 

5 LNPs with an average size of 110 nm (Fig. 24).  

Given the significant levels of editing, a more detailed in vivo editing experiment 

was designed and performed. As a gold standard, we compared our 306-012B LNPs, 

encapsulating the RNA components, against LNPs composed of the FDA-approved liver

delivery lipid MC-3, encapsulating the exact same RNA components (MC3-LNPs). It 

10 should be noted that the same ratios of excipient lipids were used in both the 306-012B 

LNPs and the MC3-LNPs, and that this particular excipient formulation has been 

previously published for use with MC3-LNPs. Mice were administered with 306-012B 

LNPs or MC-3-LNPs at a total RNA dose of 3.0 mg/kg. At day 7 after administration, the 

editing at the desired site in the liver using a T7E1 assay was observed (Fig. 25). Next 

15 generation sequencing (NGS) of the ANGPTL3 target site in liver samples further 

demonstrated that 306-012B-LNPs-mediated delivery resulted in a median editing rate of 

38.5%, which is significantly higher than that of MC-3-mediated delivery (14.6%) (Fig.  

19A). More importantly, the serum analyses revealed that the serum ANGPTL3 protein, 

LDL-C, and TG levels in 306-012B LNPs treatment group (65.2%, 56.8%, 29.4% 

20 reductions respectively) were significantly lower than that of MC-3 LNPs treated mice 

(25%, 15.7%, 16.3% reductions respectively) (Fig. 19A). A detailed analysis of the NGS 

sequencing results revealed that the most frequent editing event was a 1-nt deletion 

precisely at the predicted Cas9 cut site, followed by a 1-nt insertion at the same location 

(Fig. 19B). As expected, the same editing events were observed in both MC3 LNP and 306

25 012B LNP-treated livers, the main difference was in the frequency of these events. This 

indicates that the observed serum component reductions were indeed a result of the Cas9

mediated genome editing, and implies that the difference in observed outcomes between the 

two lipids was solely a result of delivery efficiency, rather than some change in the innate 

activity of the Cas9 mRNA.  

30 With any CRISPR delivery system, care must be taken to avoid off-target editing 

events or delivery-induced toxicity. The top 9 most likely off-target genomic mutagenesis 

sites were predicted computationally, and these loci were interrogated via NGS sequencing 

of DNA extracted from the liver. No evidence of editing at any of the 9-top predicted off
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target mutagenesis sites was observed (Fig. 19C). To evaluate the in vivo toxicity and 

potential immunoinflammatory response, serum levels of the liver function markers 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT), and of the 

proinflammatory cytokine tumor necrosis factor-alpha (TNF-alpha) were measured (Fig.  

5 26). No significant changes in these parameters were detected after treatment with the 

CRISPR/Cas9 LNPs, further demonstrating negligible systemic toxicity.  
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We claim: 

1. A method of treating a human lipoprotein metabolism disorder or a cardiovascular 

disease, comprising administering to a subject in need thereof a lipidoid nanoparticle, which 

comprises a lipid, a CRISPR/Cas9 mRNA, and a single guide RNA (sgRNA), wherein 

the sgRNA is single guide Angiopoietin-like 3 (sgANGPTL3) or single guide proprotein 

convertase subtilisin/kexin type 9 (sgPCSK9); 

the lipid is represented by formula I: 

RHead_ RLipid 

or a pharmaceutically acceptable salt thereof, wherein 

RHeadi 

Ra 
R \+N 

% a\ )%Ra'-N, 
Ra-N Ra'-N Z 

1 Ral- + R Z R or Ra"
Ra-N ,-N Ra'-N Ra"-N 

11 ,Ra' rp ' 

Ra, ', R", and Ra" each iepenndently is RLipid, H, C-C2 alkyl, C2-C2 alkenyl, C2-C20 

alkynyl, C 3-C 20 cycloalkyl, CI-C 2 o heteroalkyl, CI-C2o heterocycloalkyl, aryl, or 

heteroaryl, wherein Ra and Ra or Ra" and R" are not both RLipid.  

Z is a C-C2o bivalent aliphatic radical, a C-C2 bivalent heteroaliphatic radical, a bivalent 

aryl radical, or a bivalent heteroaryl radical; and 

RLipid each independently is 

R 1 R2 

x1 S 'S " 

R3 R4 

wherein: 

R1 and R2 are H, OH, NHR30, or SH; 

R3 and R4 are both H; or R3 and R4 are taken together to form an oxo (=0) group; 

X is CH2, 0, NR3 , or S; 

R30 is H, C1-6 alkyl, C1-6 alkenyl, or C1-6 alkynyl; 

m is an integer selected from 1-3; 

n is an integer selected from 1-14; 
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p is 0 or 1; 

q is an integer selected from 1-10; and 

t is 0, 1, or 2.  

2. The method of claim 1, wherein RHeadis 

Ra-N, 
,Z 

Ra-N Ra'-N 
Xor W.  

3. The method of claim 2, wherein Ra and Ra are RLipid, H, or C-C2o alkyl.  

4. The method of claim 2, wherein RHead is derived from a compound selected from the 

group consisting of 

UNN 
H N ^NENH N 'NI^NH, 
RN 

H 304 N 

N N' f''N2 HN N NklH 
400 401 

5. The method of any one of claims 1-4, wherein R1 and R2 are H.  

6. The method of any one of claims 1-4, wherein R1 is H; and R2 is OH.  

7. The method of any one of claims 1-6, wherein R3 and R4 are H.  

8. The method of any one of claims 1-6, wherein R3 and R4 are taken together to form 

an oxo (=0) group.  

9. Themethodofanyoneofclaims1-8,whereinZisCH2,0OorNR 30 .  

10. The method of any one of claims 1-8, wherein Z is CH2.  
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11. The method of any one of claims 1-8, wherein Z is O.  

12. The method of any one of claims 1-8, wherein Z is NR.  

13. The method of any one of claims 1-12, wherein m is 1 or 2.  

14. The method of any one of claims 1-13, wherein n is an integer selected from 4-12.  

15. The method of any one of claims 1-13, wherein n is an integer selected from 6-10.  

16. The method of any one of claims 1-15, wherein p is 0.  

17. The method of any one of claims 1-15, wherein p is 1.  

18. The method of any one of claims 1-17, wherein q is an integer selected from 2-8.  

19. The method of any one of claims 1-17, wherein q is an integer selected from 4-8.  

20. The method of any one of claims 1-19, wherein t is 0.  

21. The method of any one of claims 1-19, wherein t is 1.  

22. The method of any one of claims 1-21, wherein RLipid each independently is selected 

from the group consisting of 

0 

OS 
0 S 

O 

H 
N S 

O 
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H 

0 

H 

0 

H NN 

OH 

OH 

NS 

OH and 

SS 

OH 

23. The method of any one of claims 1-22, wherein the lipid is selected from the group 

consisting of 

0 

0 

5N 

-N 

O 
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0 

-N OS 

- - 0----S

N _____ ____ _____ ____ 

o ,and 

0 
-N 

O x-v- S S 

N 
H 

24. The method of any one of claims 1-23, wherein the ratio of the lipid to the 

CRJSPR/Cas9 mRNA is about 3:1 to about 15: 1.  

25. The method of any one of claims 1-23, wherein the ratio of the lipid to the 

CRJSPR/Cas9 mRNA is about 7.5: 1.  

26. The method of any one of claims 1-25, wherein the lipidoid nanoparticle further 

comprises cholesterol.  

27. The method of claim 26, wherein the ratio of the lipid to the cholesterol is about 1: 1 

to about 2:1.  

28. The method ofany one ofclaims 1-27,whereinthe lipidoidnanoparticle further 

comprises DOPE, DSPC,orDOPC;andDMG-PEG2K;wherein 

DSPC has the structure: 

0 

N 

DOPE has the structure: 
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00 

0 DOPC has the structure: 

H 0' 

0 ,and 

DMG-PEG2K has the structure: 

29. The method of claim 28, wherein the lipidoid nanoparticle comprises DOPC and 

DMG-PEG2K.  

30. The method of claim 29, wherein the ratio of the lipid to the DOPC is about 4:1 to 

about 6:1; and the ratio of the lipid to the DMG-PEG2K is about 4:1 to about 100:1 to about 

4:1 to about 20:1.  

31. The method of any one of claims 1-30, wherein the lipidoid nanoparticle has a 

particle size of about 25 nm to about 1000 nm.  

32. The method of any one of claims 1-30, wherein the lipidoid nanoparticle has a 

particle size of about 50 nm to about 500 nm.  

33. The method of any one of claims 1-32, wherein the human lipoprotein metabolism 

disorder is associated with loss-of-function mutations in ANGPTL3 gene.  

34. The method of any one of claims 1-32, wherein the cardiovascular disease is 

associated with proprotein convertase subtilisin/kexin type 9 gene (PCSK9).  

35. The method of any one of claims 1-32, wherein the human lipoprotein metabolism 

disorder is associated with low levels of plasma high density lipoprotein cholesterol, high 

levels of serum low density lipoprotein cholesterol, or high levels of triglycerides.  
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36. The method of any one of claims 1-32, wherein the cardiovascular disease is 

selected from the group consisting of homozygous familial hypercholesterolemia, and 

hypercholesterolemia.  

37. A lipid selected from the group consisting of 

0 

S -S O 

N 

Sg O 

O 

-N 

0 

0 
S-' 0 -S 

0S --- -O 

0 
N 

H 

-N58 

/- O --- S 

O ,and 

O 

N O -0------g-S 

-N 

/ -l-0O -- S 
N 
H 
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