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LIPID NANOPARTICLE COMPOSITIONS AND USES THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Patent Application No.  

63/431.166 filed December 8, 2022, and U.S. Provisional Patent Application No. 63/485,863 

filed February 17, 2023, each of which is incorporated by reference herein in its entirety.  

INCORPORATION BY REFERENCE OF SEQUENCE LISTING 

[0002] This application contains a Sequence Listing which has been submitted in.XML 

format via EFS-WEB and is hereby incorporated by reference in its entirety. The.XML file, 

created on November 8, 2023, is named 06529-503001WO_SeqListST26.xml and is 16 

kilobytes in size.  

BACKGROUND 

[0003] Delivery of therapeutic agents to lungs may be achieved either through systemic 

administration of the agents to a subject or through administration directly to the lungs via 

mouth or nose. In either case, a vehicle may be used to protect and aide the delivery of the 

agents. One type of vehicle for the therapeutics agents (such proteins, nucleic acids, or small 

molecules) is lipid nanoparticles (LNPs). This type of vehicle is used, for example in mRNA

based vaccines. LNP vaccines are generally administered subcutaneously, and like most 

LNPs, by default they primarily traffic to liver. By contrast. WO 2020/051220 Al discloses 

compositions with preferential targeting or delivery of a nucleic acid composition to a 

particular organ, such as lungs. Accordingly, one approach to delivery of LNPs to lungs is 

systemic administration of LNPs in a pharmaceutical composition that has not been nebulized 

to form aerosols but rather is injected into the subject for systemic distribution (e.g, injected 

intravenously).  

[0004] For delivery to lungs via mouth or nose, a pharmaceutical composition containing 

the therapeutic agents, or a vehicle containing the therapeutic agents, may be nebulized to 

form fine particles (generally less than 10 microns in aerodynamic diameter). However, size 

control is an important consideration. Aerosol particles smaller than 2 microns can reach deep 

into alveolar regions. Nebulization of pharmaceutical composition containing the therapeutic 

agents in a manner that preserves therapeutic efficacy and generates aerosol particles with 

desired physical characteristics for delivery to appropriate regions of lungs remain 

challenging. In particular, nebulization of pharmaceutical compositions containing LNPs may 
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result in degradation of the LNPs, de-encapsulation of the therapeutic agents, formations of 

aerosol particles having physical properties that prevent targeted to delivery to desired 

regions of lungs, or other undesired effects on the LNPs, and their payload, or both.  

[0005] Accordingly, there is a long-felt and unmet need for aerosolized pharmaceutical 

compositions that comprise aerosol particles comprising lipid nanoparticles (LNPs) capable 

of delivering the LNPs to lungs of a subject - for example, to a tracheobronchial region of a 

subject - and/or having desired physical characteristics. The present disclosure provides such 

aerosolized pharmaceutical compositions, methods of making and using thereof, and further 

related compositions and methods.  

SUMMARY 

[00061 In one aspect, the present disclosure provides an aerosolized pharmaceutical 

composition, comprising aerosol particles, the aerosol particles comprising lipid 

nanoparticles (LNPs), 

[0007] wherein the composition is capable of delivering the LNPs to a lung and/or a 

tracheobronchial region of a subject. and/or wherein the LNPs have one or more of an 

encapsulation efficiency (EE) greater than 50%, mRNA integrity of greater than 50%, a 

diameter from 20 nm to 600 nm, a polydispersity of less than 0.6, and/or wherein the aerosol 

particles have one or more of a mass median aerodynamic diameter (MMAD) between 1 Im 

to 10 pm, a geometric standard deviation (GSD) from I to 5, and a fine particle fraction 

(FPF) percent of at least 50%.  

[0008] In some embodiments, the composition comprises LNPs for selective delivery to 

one or more of goblet cells, secretory cells, club cells, basal cells, intermediate cells, serous 

cells, precursor cells. ionocytes, or ciliated cells. In some embodiments, the composition is 

capable of delivering the LNPs to the tracheobronchial region of a subject. In some 

embodiments, the composition is capable of delivering the LNPs to an upper airway, a central 

airway, or peripheral airway of the lung of the subject.  

[0009] In some embodiments, the LNPs have the EE greater than 50%,55%, 60%, 6 5 %, 

70%.75%, 80%,.85%.90%, 95%, 96%.97%, 98%, 99%, or 100%, or wherein the LNPs 

have the EE of 50-95%, of 60-95%, of 70-95%, of 80-95%, or of 90-95%. In some 

embodiments, the LNPs have the mRNA integrity greater than 75%, 80%, 85%, 90%, 91 %, 

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 9 9 % or, or wherein the LNPs have the mRNA 

integrity of 75-99%, of 80-95%, of 85-90%, or of 90-95%. In some embodiments, the LNPs 

have an mRNA integrity loss of less than a 20%, less than 15%, less than 10%, less than 5%, 
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or of less than 5-20%, of less than 5-15%, or of less than 5-10%. In some embodiments, the 

LNPs have the polydispersity of less than 0.5, less than 0.4. less than 0.3. less than 0.2. or less 

than 0.1. In some embodiments, the LNPs have the diameter of 20 to 180 nm, 30 to 180 nm, 

40 to 180 nm, 50 to 180 nm, 60 to 180 nm, 70 to 180 nm, 80 to 180 nm, 90 to 180 nm, 100 to 

180 rnm, or 50 nm, 60 nm, 70 nm, 80 rnm, 90 nm, 100 nm, 120 rnm, 140 nm, 160 nm, or 180 

nm. In some embodiments, the aerosol particles have the MMAD from 1 pm to 9 im, or 

from 1 m to 8 pm, or from 1I pm to 7 pm, or from 1I m to 6 pm, or from 1 m to 5 Pm, or 

from I im to 4 pm, or from I im to 3 pm, or from I pm to 2 pm, or from 3 pm to 5 pm. In 

some embodiments, the aerosol particles have the GSD from 1 to 4, or from 1 to 3, or from 1 

to 2, or 1, 1.5, 2, 2.5, or 3. In some embodiments, the aerosol particles have the FPF of 55%, 

of 60%, of 70%, of 75%. of 80%, of 85%, or of 90%.  

[00101 In some embodiments, the LNPs comprise one or more, two or more, or three or 

more of a phospholipid, an ionizable lipid, a polyethylene-glycol (PEG)-lipid, and a sterol. In 

some embodiments, the composition further comprises one or more of the PEG-lipid, 

sucrose, and a buffer, wherein the buffer comprises a citrate buffer, an acetate buffer, or a 

Tris buffer. In some embodiments, the PEG-lipid at a molar percentage between 2% and 8 %.  

In some embodiments, the sucrose is at a concentration from 1% to 15% w/v, 5% to 15% 

w/v, 1% to 10% w/v, or 5% to 10% w/v. In some embodiments, the buffer is a citrate buffer, 

optionally at a pH from 4 to 8; an acetate buffer, optionally at a pH from 4 to 8; or a Tris 

buffer, optionally at a pH from 6 to 9.  

[0011] In some embodiments, the LNP comprises a payload. In some embodiments, the 

payload comprises an oligonucleotide, a polynucleotide, a peptide, or a protein, such as a 

nuclease, and antibody, or antibody chain. In some embodiments, the polynucleotide 

comprises mRNA. In some embodiments, the mRNA comprises about 1000 nucleotides (nt) 

to about 5000 nucleotides (nt), about 2000 nucleotides (nt) to about 5000 nt, about 2500 nt to 

about 5000 nt, about 3000 nt to about 5000 nt, about 3500 nt to about 5000, about 4000 nt to 

about 5000 nt or about 4500 nt to about 5000 nt in length. In some embodiments, the mRNA 

encodes dynein axonemal intermediate chain 1 (DNAIl) protein or cystic fibrosis 

transmembrane conductance regulator (CFTR) protein. In some embodiments, the 

polynucleotide has a concentration of 0.5-3.0 mg/mL, or of 1.0-3.0 mg/mL, or of 2.0-3.0 

mg/mL or of 1.0 mg/mL.  

[0012] In some embodiments, the composition has a pH of 7.0, 7.1. 7.2, 7.3, 7.4, 7.5, 7.6, 

7.7, 7.8, 7.9, or 8.0. In some embodiments, the composition has an apparent pKa 4 to 9.  
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[0013] In some embodiments, the composition results in the expression of a protein from 

the mRNA in the lung of the subject. In some embodiments, the composition results in 

detection of a protein from the mRNA in the lung of the subject between 6 and 12 hours after 

delivery to the subject.  

[0014] In some embodiments, the LNPs comprise an ionizable lipid, aphospholipid, a 

PEG-lipid; and/or a sterol. In some embodiments, the LNP comprise a second ionizable lipid.  

In some embodiments, the LNPs comprise 1,2-dioleol-3-dimethylammonium propane 

(DODAP). In some embodiments, the LNPs comprise 1,2-dioleoyl-3-dimethylammonium 

propane (DODAP) at a molar percentage between about 5% and about 50%, between about 

5% and about 35%, between about 20% and about 50%, between about 20% and about 50%, 

or at about 20%.  

[00151 In some embodiments, the LNP comprise a permanently cationic lipid. In some 

embodiments, the permanently cationic lipid comprises a trimethylammonium group, 

optionally wherein the permanently cationic lipid is 1,2-dimyristoyl-sn-glycero-3

ethylphosphocholine (14:0 EPC). In some embodiments, the permanently ionizable lipid 

comprises a trimethylammonium group. optionally wherein the permanently cationic lipid is 

dioleoyl-3-trimethylammonium propane (DOTAP).  

[0016] In some embodiments, the ionizable lipid is a dendrimeric lipid, optionally a 

dendrimeric lipid of Formula (I) or Formula (X), optionally 4A3-SC7 or 5A2-SC8.  

[00171 In some embodiments, the LNPs comprise 4A3-SC7, 14:0 EPC, DOPE, cholesterol, 

and DMG-PEG at molar percentages of about 19%, about 20%, about 19%, about 39%, and 

about 3.8 %, respectively; and/or wherein the LNPs comprise a lipid to RNA (weight/weight) 

ratio of about 30.  

[0018] In another aspect, the present disclosure provides a liquid pharmaceutical 

composition for use in making the aerosolized pharmaceutical compositions described herein.  

[0019] In another aspect, the present disclosure provides a method for delivering lipid 

nanoparticles (LNPs) to a lung cell of a subject, the method comprising nebulizing the liquid 

pharmaceutical composition described herein to generate an aerosolized pharmaceutical 

composition. and administering the aerosolized pharmaceutical composition to the subject. In 

another aspect, the present disclosure provides a method of delivering a payload to a lung cell 

of a subject, the method comprising administering the aerosolized pharmaceutical 

composition described herein to the subject, wherein optionally the payload is a 

polynucleotide. In another aspect, the present disclosure provides a method for expressing a 

protein in the lung of a subject, the method comprising administering the aerosolized 
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pharmaceutical composition described herein to the subject. In another aspect, the present 

disclosure provides a method for treating a lung disease in a subject, the method comprising 

administering the aerosolized pharmaceutical composition described herein to the subject.  

[0020] In some embodiments, the method comprising the aerosol particles comprising lipid 

nanoparticles (LNPs) comprise an ionizable lipid, a phospholipid, a polyethylene-glycol 

(PEG)-lipid; and/or a sterol. In some embodiments, the method comprising the particles 

wherein the LNPs comprise a second ionizable lipid. In some embodiments, the method 

comprising the particles wherein the LNPs comprise 1,2-dioleoyl-3-dimethylammonium 

propane (DODAP).  

[0021] In some embodiments, the method comprising the particles wherein the LNPs stored 

in a buffer. In some embodiments of the method, the buffer is a citrate buffer, optionally at a 

pH from 4 to 8: wherein the buffer is an acetate buffer, optionally at a pH from 4 to 8: or 

wherein the buffer is a Tris buffer, optionally at a pH from 4 to 8.  

[0022] In some embodiments, the method comprising the particles wherein the LNPs are 

nebulized using PARI@ eFlow@ device. In some embodiments, the method comprising the 

particles wherein the LNPs are nebulized using PARER eFlow@ device with mesh size of 40 

HO V.  

[0023] In some embodiments of the method, the lung disease comprises primary ciliary 

dyskinesia (PCD) or cystic fibrosis (CF).  

[0024] In some embodiments of the method, the aerosolized particles are selectively 

delivered to the tracheobronchial region of the lung of the subject. In some embodiments of 

the method, the aerosolized pharmaceutical composition of claim 1 is administered to the 

subject using a nebulizer, wherein the nebulizer is administered at an output rate from 0.1 to 1 

mL/min. In some embodiments of the method, the aerosolized pharmaceutical composition is 

administered at an output rate of 0.5 mL/min. In some embodiments of the method, the 

aerosolized pharmaceutical composition is administered less than 60 minutes, 50 minutes, 40 

minutes, 30 minutes, 20 minutes, 15 minutes, 10 minutes, or 5 minutes.  

[0025] In some embodiments of the method, the administering comprises administration 

via intranasal administration, intratracheal administration, or oral administration, wherein the 

administration step delivers the aerosolized pharmaceutical composition to the 

tracheobronchial region (TB). In some embodiments of the method, the subject is a human 

subject.  

[0026] In another aspect, the present disclosure provides a method for making the 

aerosolized pharmaceutical composition of claim 1, the method comprising introducing a 
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liquid pharmaceutical composition comprising the aerosolized pharmaceutical composition 

into a nebulizer, wherein the nebulizer is operated at an output rate of from 0.1 to 1 mL/min, 

or at an output rate of 0.5 mL/min.  

[0027] In another aspect, the present disclosure provides a kit comprising a lipid 

nanoparticle composition comprising one or more of a phospholipid, an ionizable lipid, a 

PEG-lipid, a sterol, and a mesh, optionally comprising a polynucleotide. In some 

embodiments of the kit, the phospholipid, the ionizable lipid, the PEG-lipid and the sterol are 

in a separate container from the polynucleotide, or wherein the phospholipid, the ionizable 

lipid, the PEG-lipid and the sterol are in a same container as the polynucleotide.  

[0028] In another aspect, the present disclosure provides a method of determining the 

amount of lipid nanoparticles (LNPs) in an aerosolized pharmaceutical composition, the 

method comprising contacting the aerosolized pharmaceutical composition with a filter 

comprising glass fibers, extracting lipids from the filter with an extraction solution 

comprising ammonium ions, optionally ammonium acetate.  

[0029] In some embodiments, the method comprises measuring the amount of at least one 

lipid in the extraction solution. In some embodiments of the method, the measuring is 

performed by high performance liquid chromatography (HPLC).  

[0030] In another aspect, the present disclosure provides a lipid nanoparticle (LNP) 

composition comprising an LNP, wherein the LNP comprises 1,2-dioleoyl-3

dimethylammonium propane (DODAP) at a molar percentage less than 25% or less than 

20%, a sterol at a molar percentage greater than 40%, and/or a messenger RNA (mRNA) at a 

lipid:mRNA ratio less than 40:1.  

[0031] In another aspect, the present disclosure provides a lipid nanoparticle (LNP) 

composition, comprising an LNP, wherein the LNP specifically transduces secretory cells 

and/or ionocytes, and/or the LNP delivers mRNA to lung cells in an amount effective to 

increase expression and/or function of a protein encoded by the mRNA.  

[0032] In some embodiments of the composition, the LNP composition specifically 

transduces secretory cells and/or ionocytes, and/or wherein the LNP composition delivers 

niRNA to lung cells in an amount effective to increase expression and/or function of a protein 

encoded by the mRNA.  

[0033] In some embodiments of the composition, the LNP composition comprises an 

ionizable lipid, a phospholipid, a polyethylene-glycol (PEG)-lipid, and/or a sterol.  
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[0034] In some embodiments of the composition, the LNP comprises a second ionizable 

lipid. In some embodiments of the composition, the LNP comprises an anionic lipid. In some 

embodiments of the composition, the LNP comprises a permanently cationic lipid.  

[0035] In some embodiments of the composition, the LNP comprises DODAP at a molar 

percentage less than 25% or less than 20%. In some embodiments of the composition, the 

LNP comprises DODAP at a molar percentage between 5% and 25%, between 7 .5% and 

2 5 %, between 10% and 25%, between 5% and 20%, between 7.5% and 20%. or between 

10% and 20%. In some embodiments of the composition, the LNP comprises DODAP at a 

molar percentage between 5% and 17.5%, between 7.5% and 17.5%, or between 10% and 

17.5%. In some embodiments of the composition, the LNP comprises DODAP at a molar 

percentage of about 16%.  

[00361 In some embodiments of the composition, the LNP comprises cholesterol at a molar 

percentage greater than 40%. In some embodiments of the composition, the LNP comprises 

cholesterol at a molar percentage between 40% and 60%, between 45% and 60%, or between 

50% and 60%. In some embodiments of the composition, the LNP comprises cholesterol at a 

molar percentage between 40% and 55%, between 45% and 55%. or between 50% and 55%.  

In some embodiments of the composition, the LNP comprises cholesterol at a molar 

percentage between 40% and 50% or between 45% and 50%. In some embodiments of the 

composition, the LNP comprises cholesterol at a molar percentage of about 50%.  

[00371 In some embodiments of the composition, wherein the LNP comprises messenger 

RNA (mRNA). In some embodiments of the composition, the LNP comprises mRNA at a 

lipid:mRNA ratio less than 40:1. In some embodiments of the composition, the lipid:mRNA 

ratio is between 20:1 and 40:1, between 25:1 and 40:1, between 35:1 and 40:1, or between 

30:1 and 40:1. In some embodiments of the composition, the lipid:mRNA ratio is between 

20:1 and 36:1, or between 25:1 and 36:1. In some embodiments of the composition, the 

lipid:mRNA ratio is 36:1. In some embodiments of the composition, the lipid:mRNA ratio is 

25:1.  

[0038] In some embodiments of the composition, the ionizable lipid is 5A2-SC8 or 4A3

SC7, the phospholipid is 1,2-dioleol-sn-glvcero-3-phosphoethanolamine (DOPE) or 1,2

distearoyl-sn-glycero-3-phosphocholine (DSPC), and/or the polvethylene-glycol (PEG)-lipid 

is DMG-PEG, optionally DMG-PEG2000.  

[0039] In some embodiments of the composition, the ionizable lipid is 4A3-SC7, the 

phospholipid is DOPE, and the poly ethylene-glycol (PEG)-lipid is DMG-PEG.  
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[0040] In some embodiments of the composition, the LNP comprises a second ionizable 

lipid and the second ionizable lipid is DODAP. In some embodiments of the composition, the 

LNP comprises a second ionizable lipid and the second ionizable lipid is 1,2-di-0

octadecenyl-3-trimethylammonium propane (DOTMA).  

[0041] In some embodiments of the composition, the ionizable lipid is 4A3-SC7 and the 

LNP comprises 4A3-SC7 at a molar percentage between about 13% and about 15%. In some 

embodiments of the composition, the ionizable lipid is 4A3-SC7 and the LNP comprises 

4A3-SC7 at a molar percentage of about 13% to about 15%.  

[0042] In some embodiments of the composition, the LNP comprises PEG-lipid at a molar 

percentage between about 2% and about 8%. In some embodiments of the composition, the 

PEG-lipid at a molar percentage of about 3%.  

[00431 In some embodiments of the composition, the LNP comprises a neutral 

phospholipid and the neutral phospholipid is DOPE. In some embodiments of the 

composition, the LNP comprises DOPE at a molar percentage between about 10% and about 

2 5 %. In some embodiments of the composition, the LNP comprises DOPE at a molar 

percentage of about 11% or about 22%.  

[0044] In some embodiments of the composition, the LNP comprises 4A3-SC7 at a molar 

percentage of about 15%, DODAP at a molar percentage of about 16%, DOPE at a molar 

percentage of about 22%, DMG-PEG2000 at a molar percentage of about 3%, and cholesterol 

at a molar percentage of about 44%.  

[0045] In some embodiments of the composition, the LNP comprises 4A3-SC7 at a molar 

percentage of about 14%, DODAP at a molar percentage of about 2 2 %, DOPE at a molar 

percentage of about 11%, DMG-PEG2000 at a molar percentage of about 3%, and cholesterol 

at a molar percentage of about 50%.  

[00461 In some embodiments of the composition, the LNP comprises a payload. In some 

embodiments of the composition, the payload is a messenger RNA (mRNA). In some 

embodiments of the composition, the mRNA comprises between 100 bases and 8 kilobases 

(kb). In some embodiments of the composition, the mRNA comprises between 1 kb and 8 kb, 

or between 2 kb and 8 kb, between 3 kb and 8 kb, or between 4 kb and 8 kb. In some 

embodiments of the composition, the mRNA comprises between I kb and 7 kb, or between 2 

kb and 7 kb, between 3 kb and 7 kb, or between 4 kb and 7 kb. In some embodiments of the 

composition, the mRNA comprises between 1 kb and 6 kb, or between 2 kb and 6 kb, 

between 3 kb and 6 kb, or between 4 kb and 6 kb. In some embodiments of the composition, 

the mRNA comprises (about) 2 kb. In some embodiments of the composition, the mRNA 
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comprises (about) 4.6 kb. In some embodiments of the composition, the mRNA encodes a 

cystic fibrosis transmembrane conductance regulator (CFTR) protein. In some embodiments 

of the composition, the mRNA encodes a Dynein axonemal intermediate chain 1 (DNAIl) 

protein. In some embodiments of the composition, the mRNA encodes a gene-editing system 

or components thereof 

[0047] In some embodiments of the composition, the payload is an shRNA or a 

polynucleotide encoding an shRNA. In some embodiments of the composition, the payload is 

a microRNA or a polynucleotide encoding a microRNA.  

[0048] In some embodiments of the composition, the composition is a pharmaceutical 

composition. In some embodiments of the composition, the composition is an aerosolized 

composition.  

[00491 In some embodiments of the composition, the LNP has an encapsulation efficiency 

of between 50% and 99%, between 60% and 99%, between 70% and 99%, or between 80% 

and 99%. In some embodiments of the composition, the LNP has an encapsulation efficiency 

of between 50% and 95%, between 60% and 95%, between 70% and 95%, or between 80% 

and 95%.  

[0050] In another aspect, the present disclosure provides a method of delivering a payload 

to a cell, comprising contacting a cell with the LNP composition described herein. In another 

aspect, the present disclosure provides a method of delivering expressing a protein or an 

RNA in a cell, comprises contacting a cell with an LNP composition described herein. In 

another aspect, the present disclosure provides a method of increasing chloride flux in a cell, 

comprising contacting the cell with the LNP composition according to any one of claims 105, 

107-113, wherein optionally the cell comprises homozygous inactivating mutations in the 

CFTR gene.  

[00511 In some embodiment, the method maintains transepithelial electrical resistance 

(TEER) or reduces TEER by at most 10%, at most 20%, or at most 300%.  

[0052] In some embodiment of the method, the cell is a lung cell. In some embodiment of 

the method, the lung cell is a secretory cell and/or ionocyte.  

[00531 In some embodiment of the method, the method specifically transduces the 

secretory cell and/or the ionocyte compared to other lung cells. In some embodiments of the 

method, wherein the lung cell is a ciliated cell. In some embodiments, the method specifically 

transduces the ciliated cell compared to other lung cells.  

[0054] In some embodiments, the method comprises nebulizing the LNP composition to 

generate an aerosolized composition, then contacting the aerosolized composition with the 
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cell. In some embodiments of the method, the LNP composition is an aerosolized 

composition, and the method comprises contacting the aerosolized composition with the cell.  

[00551 In another aspect, the present disclosure provides a method of delivering a payload 

to lungs of a subject, comprising administering to the subject a composition described herein.  

In another aspect, the present disclosure provides a method of treating or preventing lung 

disease in a subject, comprising administering to the subject a composition described herein.  

In some embodiments, the method comprises nebulizing the composition prior to the 

administering step. In some embodiments, the LNP composition is administered, as an 

aerosolized composition, by inhalation. In some embodiments, the method delivers to the 

lungs an effective amount of the LNP composition. In some embodiments, the method 

delivers to the lungs an amount effective to treat the lung disease. In some embodiments, the 

method is more effective than contacting the cell with or administering to the subject 

elexacaftor, tezacaftor, lumacaftor, ivacaftor, or a combination thereof 

[0056] In another aspect, the present disclosure provides a use of a composition described 

herein for treatment of a lung disease. In another aspect, the present disclosure provides a 

composition described herein for treatment of a lung disease. In another aspect, the present 

disclosure provides a kit comprising a composition described herein and a nebulizer mask 

and/or a mesh suitable for use in a nebulizer. In another aspect, the present disclosure 

provides a method of making an LNP composition described herein, comprising mixing the 

lipid components and the payload in conditions effective to assemble the LNPs comprising 

the payload. In some embodiments, the method comprising nebulizing the composition to 

generate an aerosolized LNP composition.  

[0057] Further aspects and embodiments of the invention are provided by the Detailed 

Description that follows. The scope of the invention is limited only by the claims. Those of 

skill in the art will be able to envision and implement numerous variations of the disclosed 

embodiments.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] The patent or application file contains at least one drawing executed in color.  

Copies of this patent or patent application publication with color drawing(s) will be provided 

by the Office upon request and payment of the necessary fee.  

[0059] FIG. 1 shows a schematic of criteria used to evaluate aerosolized pharmaceutical 

compositions.  
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[0060] FIG. 2 shows a chart of output rate with various nebulizer heads on the PARI© 

eFlow* nebulizer system.  

[00611 FIG. 3 shows a chart of output rate of composition A with various nebulizer heads 

on the PARI*eFlow* nebulizer system.  

[0062] FIGs. 4A-4B show predicted and actual nebulization time of either baseline or 

Composition A/DNAI1 lipid nanoparticles. FIG.4A shows predicted and actual nebulization 

time of baseline (PBS). FIG. 4B shows predicted and actual nebulization time of 

Composition A/DNAT1 lipid nanoparticles.  

[0063] FIG. 5 shows encapsulation efficiency (%) of various nebulizer heads on the PARI* 

eFlow* nebulizer system.  

[00641 FIG. 6 shows encapsulation efficiency (%) data for 40 HO V of PARI* eFlow© 

nebulizer system.  

[0065] FIG. 7 shows mRNA integrity for either 35 V or 40 HO V of PARI* eFlow© 

nebulizer system.  

[0066] FIGs. 8A-8C show encapsulation efficiency (%) of various head of PARI* eFlow* 

nebulizer system. FIG. 8A shows encapsulation efficiency (%) of PARI* eFlow* nebulizer at 

slow flow. FIG. 8B shows encapsulation efficiency (%) of PARI© eFlow* nebulizer at 

median flow. FIG.8C shows encapsulation efficiency (%) of PAR©eFlow© nebulizer at fast 

flow.  

[00671 FIGs. 9A-9C show hydrodynamic diameter (nm) of various head of PARI© eFlow* 

nebulizer system. FIG. 9A shows hydrodynamic diameter (nm) of PARI* eFlow* nebulizer 

at slow flow. FIG. 9B shows hydrodynamic diameter (nm) of PARI© eFlow* nebulizer at 

median flow. FIG. 9C shows hydrodynamic diameter (nm) of PARI eFlow* nebulizer at 

fast flow.  

[00681 FIGs. 10A-10C show polvdispersity index of various head of PARI* eFlow* 

nebulizer system. FIG. 10A shows polydispersity index of PAR*eFlow* nebulizer at slow 

flow. FIG. 1OB shows polydispersity index of PART©eFlow* nebulizer at median flow. FIG.  

10C shows polydispersity index of PARI* eFlow* nebulizer at fast flow.  

[00691 FIG. 11 shows hydrodynamic diameter (nm) over course of nebulization of various 

head of PARI* eFlow* nebulizer system.  

[0070] FIG. 12 shows polydispersity index over course of nebulization of various head of 

PARI©eFlow* nebulizer system.  

[0071] FIGs. 13A-13D show characteristics of lipid nanparticles for 40 HO V of PAR* 

eFlow* nebulizer system. FIG. 13A shows concentration of lipid nanoparticles. FIG. 13B 
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shows encepsulation efficiency (%) of lipid nanoparticles. FIG. 13C shows hydrodynamic 

diameter (nm) of lipid nanoparticles. FIG. 13D shows polydispersity index of lipid 

nanoparticles.  

[0072] FIGs. 14A-14B show drug deposition (ig) in various stages for either 40 HO V or 

30 HO V of PARI eFlow* nebulizer system. FIG. 14A shows drug deposition (ig) in 

various stages at 40 HO V. FIG. 14B shows drug deposition (ig) in various stages at 30 HO 

V.  

[0073] FIG. 14C shows aerosol characterizations in a next generation impactor (NGI).  

[0074] FIGs. 15A-15B show deposition fraction of multiple-path particle dosimetry 

(MPPD) of either Aerogen@ Solo or PDAP. FIG. 15A shows deposition fraction of multiple

path particle dosimetry (MPPD) of Aerogen@ Solo. FIG. 15B shows deposition fraction of 

multiple-path particle dosimetry (MPPD) of PDAP.  

[0075] FIGs. 16A-16E show deposition fraction of multiple-path particle dosimetry 

(MPPD) of various nebulizer heads on the PARIT eFlow* nebulizer system. FIG. 16A shows 

deposition fraction of multiple-path particle dosimetry (MPPD) at 30NV. FIG. 16B shows 

deposition fraction of multiple-path particle dosimetry (MPPD) at 35NV. FIG. 16C shows 

deposition fraction of multiple-path particle dosimetry (MPPD) at 30V. FIG. 16D shows 

deposition fraction of multiple-path particle dosimetry (MPPD) at 35V. FIG. 16E shows 

deposition fraction of multiple-path particle dosimetry (MPPD) at 40HO.  

[00761 FIGs. 17A-17B show percent recovery of lipids using different lipid extraction 

solutions and volume. FIG. 17A shows percent recovery of lipids. FIG. 17B shows 

quantitative data of percent recovery of lipids.  

[0077] FIGs. 18A-18C show comparison result of Gravimetric, RiboGeen and high

performance liquid chromatography with charged aerosol detector (HPLC-CAD) method.  

FIG 18A shows quantitative data showing comparison result of different methods. FIG. 18B 

shows comparison of Gravimetiric and HPLC-CAD. FIG. 18C shows comparison of 

RiboGreen and HPLC-CAD.  

[0078] FIGs. 19A-19B show lipid weight fraction of various lipid extraction solutions and 

volume. FIG. 19A shows lipid weight fraction in Rat GLP-tox experiment. FIG. 19B shows 

lipid weight fraction in NHP GLP-tox experiment.  

[0079] FIGs. 20A-20B show percent recovery of lipids by different filter storage. FIG.  

20A shows percent recovery of lipids at different condition. FIG. 20B shows quantitative 

data of percent recovery of lipids.  
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[0080] FIGs. 21A-21E shows total lipid mass comparison of Gravimetic, HPLC-CAD and 

LC-MS on Composition B. FIG. 21A shows percent recovery of lipids. FIG. 21B shows 

quantitative data of percent recovery of lipids. FIG. 21C shows total lipid mass comparison 

of Gravimetic, HPLC-CAD and LC-MS. FIG. 21D shows comparison of LC-MS and 

Gravimetric. FIG. 21E shows comparison of LC-MS and HPLC-CAD.  

[0081] FIG. 22 shows lipid fraction comparison of HPCL-CAD and LC-MS on 

Composition B.  

[0082] FIG. 23 shows an image of an ATS-003 nebulization device.  

[0083] FIGs. 24A-24C are images of a next generation impactor (NGI). FIG. 24A shows 

images of a next generation impactor (NGI). FIG. 24B shows NGI seal body (stage nozzles).  

FIG. 24C shows NIG lid (inter-stage passageways).  

[00841 FIGs. 25A-25B are images of an NGI gravimetric cup. FIG. 25A shows image of 

an NGI gravimetric cup. FIG. 25B shows images of an NGI gravimetric cup parts (NGI 

special cup, filter, and filter support).  

[0085] FIGs. 26A-26B are images of an NGI internal filter holder. FIG. 26A shows 

images of an NGI internal filter holder (NGl special cup, filter support screen and filter hold 

down ring). FIG. 26B shows image of an NGI internal filter holder.  

[0086] FIG. 27 is an image of a USP (United States Pharmacopeia) induction port.  

[0087] FIG. 28A shows image of a laboratory stand with a claw nebulizer. FIG. 28B 

shows collecting nebula using a chilled 50 mL conical tube with cut-out lid to fit nebulizer.  

[0088] FIG. 29 shows a schematic depiction of a lipid nanoparticle (LNP) encapsulating an 

mRNA.  

[0089] FIG. 30 shows AUC/min of non-DOTAP LNPs.  

[0090] FIG. 31 shows AUC/min of DODAP-based LNPs.  

[00911 FIG. 32 shows AUC/min of Composition B with different buffers.  

[0092] FIG. 33A shows screening results of Compound B and Composition R with 

different buffers. FIG. 33B shows screening results of Compound B and Composition U with 

different buffers.  

[00931 FIGs. 34A-34D show lipid nanoparticle characterization summary of various lipid 

nanoparticles in different pH buffer. FIG. 34A shows size of lipid nanoparticles. FIG. 34B 

shows polydispersity index of lipid nanoparticles. FIG 34C shows encepsulation efficiency 

(%) of lipid nanoparticles. FIG. 34D shows zeta potential (mV) of lipid nanoparticles.  
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[0094] FIG. 35A shows TNS assay of Composition B in different buffers. FIG. 35B shows 

TNS assay of Composition C in different buffers. FIG. 35C shows TNS assay of 

Composition A.  

[0095] FIGs. 36A-36D show lipid nanoparticle characterization summary of Composition 

B and Composition C in different pH buffer. FIG. 36A shows size of lipid nanoparticles.  

FIG. 36B shows polydispersity index of lipid nanoparticles. FIG 36C shows encepsulation 

efficiency (%) of lipid nanoparticles. FIG. 36D shows zeta potential (mV) of lipid 

nanoparticles.  

[0096] FIGs. 37A shows TNS assay of Composition B. FIG. 37B shows TNS assay of 

Composition C.  

[00971 FIGs. 38A-38D show lipid nanoparticle characterization summary of Composition 

B in either pH 4, pH 5 or pH 6. FIG. 38A shows size of lipid nanoparticles. FIG. 38B shows 

polydispersity index of lipid nanoparticles. FIG 38C shows encepsulation efficiency (%) of 

lipid nanoparticles. FIG. 38D shows zeta potential (mV) of lipid nanoparticles.  

[0098] FIGs. 39A-39D show lipid nanoparticle characterizeion summary of Composition F 

in either pH 4, pH 5 or pH 6. FIG. 39A shows size of lipid nanoparticles. FIG. 39B shows 

polydispersity index of lipid nanoparticles. FIG 39C shows encepsulation efficiency (%) of 

lipid nanoparticles. FIG. 39D shows zeta potential (mV) of lipid nanoparticles.  

[0099] FIG. 40 shows AUC/min of Composition B variants.  

[01001 FIG. 41 shows AUC/min of various with 50 % cholesterol.  

[0101] FIG. 42 shows experimental conditions.  

[0102] FIG. 43A-43D show rescue of CFTR function in two nonresponsive genotype 

hBEs. FIG. 43A shows rescue of CFTR function in R553X/W1282X genotype hBEs. FIG.  

43B shows measurement of transepithelial resistance (TEER) (top) and LDH release (bottom) 

in R553X/W1282X genotype hBEs. FIG. 43C shows rescue of CFTR function in 

W1282X/W1282X genotype hBEs. FIG. 43C shows measurement of transepithelial 

resistance (TEER) (top) and LDH release (bottom) in W1282X/W1282X genotype hBEs.  

[0103] FIG. 44 shows a summary of benchmarking data across several CF genotypes and 

donors.  

[0104] FIG. 45A shows rescue of CFTR function in donor TXCF042716 cells. FIG. 45B 

shows measurements of LDH release in donor TXCF042716 cells to detect cytotoxicity from 

aerosolized formulations. FIG. 45C shows rescue of CFTR function in donor KKD12K 

cells. FIG. 45D shows measurements of LDH release in donor KKDO12K cells to detect 

cytotoxicitv from aerosolized formulations. FIG. 45E shows rescue of CFTR function in 
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donor KKD025L cells. FIG. 45F shows measurements of LDH release in donor KKD025L 

cells to detect cytotoxicity from aerosolized formulations. FIG. 45G shows rescue of CFTR 

function in donor KKD003K cells. FIG. 45H shows measurements of LDH release in donor 

KKD003K cells to detect cytotoxicity from aerosolized formulations. FIG. 451 shows rescue 

of CFTR function in donor 20160524CF cells. FIG. 45J shows measurements of LDH 

release in donor 20160524CF cells to detect cytotoxicity from aerosolized formulations. FIG.  

45K shows rescue of CFTR function in donor KK17N cells.  

[0105] FIG. 46A shows rescue of CFTR function in donor KKDO03K cells by various lipid 

nanoparticles at 24 h and 48 h. FIG. 46B shows quantification of CFTR bands. FIG. 46C 

shows expression of CFTR protein by Western blot analysis.  

[01061 FIG. 47A shows preliminary assessment of lipid nanoparticles targeting secretory 

cells (e.g., goblet cells) in AF508/AF508 (donor TXCF042716) hBE cells. FIG. 47B shows 

quantification of TR positive cells.  

[0107] FIGs. 48A-48C show correlation of CFTR function with CFTR protein level. FIG.  

48A shows rescue of CFTR function in either donor KKD03K or donor KKD12K cells.  

FIG. 48B shows quantification of CFTR bands. FIG. 48C shows expression of CFTR 

protein in either donor KKDO03K or donor KKDO12K cells by Western blot analysis.  

[0108] FIG. 49 shows experimental conditions for benchmark studies.  

[0109] FIGs. 50A-50B show effect of mucus on transfection efficiency of aerosolized 

SORT lipid nanoparticles in W1282X/W1282X hBEs. FIG. 50A shows rescue of CFTR 

function. FIG. 50B shows measurement of transepithelial resistance (TEER).  

[0110] FIGs. 51A-5IB show effect of mucus on transfection efficiency of aerosolized 

SORT lipid nanoparticles in R553X/W1282X hBEs. FIG. 51A shows rescue of CFTR 

function. FIG. 51B shows measurement of transepithelial resistance (TEER).  

[0111] FIGs. 52A-52B show effect of CFTR activator on CFTR function after delivery of 

lipid nanoparticles. FIG. 52A shows rescue of CFTR function with or without Ivacaftor in 

R553X/W1282X hBEs. FIG. 52B shows rescue of CFTR function with or without Ivacaftor 

in W1282X /W1282X hBEs.  

[01121 FIGs. 53A-53B show in vivo study of lipidnanoparticles. FIG. 53A shows 

quantification of luminescence. FIG. 53B shows whole body image IVIS.  

[0113] FIGs. 54A-54C show SORT LNP for the PCD program does not rescue CFTR 

function in AF508/AF508 hBEs when delivered by aerosol. FIG. 54A shows rescue of CFTR 

function treated with either Composition A or Composition X. FIG. 54B shows 
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representative traces of chloride flux. FIG. 54C shows measurement of transepithelial 

resistance (TEER).  

[01141 FIGs. 55A-55C show stability study of Composition B over three weeks. FIG. 55A 

shows size oflipid nanoparticles at week 1 and week 3. FIG. 55B shows polydispersity index 

of lipid nanoparticles at week 1 and week 3. FIG 55C shows encepsulation efficiency (%) of 

lipid nanoparticles at week 1 and week 3.  

101151 FIGs. 56A-56C show stability study of Composition X over three weeks. FIG. 56A 

shows size oflipid nanoparticles at week 1 and week 3. FIG. 56B shows polydispersity index 

of lipid nanoparticles at week 1 and week 3. FIG 56C shows encepsulation efficiency (%) of 

lipid nanoparticles at week 1 and week 3.  

[01161 FIGs. 57A-57C show comparison of lipid nanoparticle characterization in both pH 

4 and pH 6 Citrate buffer. FIG. 57A shows size of lipid nanoparticles. FIG. 57B shows 

polydispersity index of lipid nanoparticles. FIG 57C shows encepsulation efficiency (%) of 

lipid nanoparticles.  

[0117] FIGs. 58A-58C show TNS Assay of various lipidnanoparticles in pH 4 Citrate 

buffer. FIG. 58A shows TNS assay of Composition B in different buffers. FIG. 58B shows 

TNS assays of Composition X in different buffers. FIG. 58C shows TNS assays of 

Composition Y in different buffers.  

[0118] FIGs. 59A-59C show TNS Assay of various lipidnanoparticles in pH 6 Citrate 

buffer. FIG. 59A shows TNS assays of Composition B in different buffers. FIG. 59B shows 

TNS assay of Composition X in different buffers. FIG. 59C shows TNS assay of 

Composition Y in different buffers.  

[0119] FIG. 60 shows post-nebulization characteristics of Composition B and Composition 

X in Citrate buffer containing sucrose.  

[01201 FIG. 61 shows lipid nanoparticle characterization data on free-thaw storage 

[0121] FIGs. 62A-62G show optimization of Composition X formulation. FIG. 62A 

shows experiemental schme. FIG. 62B shows buffer conditions for experiments. FIG. 62C 

shows characterization of lipid nanoparticles (particle size, polydispersity index, and 

encapsulation efficiency) after freeze-thaw cycle. FIG. 62D shows characterization of lipid 

nanoparticles (particle size, polydispersity index, and encapsulation efficiency) for longer 

storage condition. FIG. 62E shows buffer conditions for experiments. FIG. 62F shows 

characterization of lipid nanoparticles (particle size, polydispersity index, and encapsulation 

efficiency) after freeze-thaw cycle. FIG. 62G shows characterization of lipid nanoparticles 
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(particle size, polydispersity index, and encapsulation efficiency) for longer storage 

condition.  

[01221 FIG. 63 show pH titration study of Composition X lipid nanoparticle composition.  

[0123] FIG. 64 shows pH titaration study of Composition X lipid nanoparticle composition 

on Solo.  

[0124] FIG. 65 shows the CFTR function on Composition X in differenct pH condition.  

101251 FIG. 66 shows reference for the antibodies selected for the immunofluorescence 

panel.  

[0126] FIG. 67A shows AF508/AF508 hBE cell profile. FIG. 67B shows genotype and 

donor codes of hBE cells. FIG. 67C shows antibody detection for each cell type.  

[0127] FIG. 68 shows immunofluorescence image of AF508/AF508 hBE (KKD03K) 

dosed with Composition B/HA-CFTR.  

[0128] FIG. 69 shows immunofluorescence image of AF508/AF508 hBE (KKD003K) 

dosed with Composition B/HA-CFTR.  

[0129] FIG. 70 shows immunofluorescence image of AF508/AF508 hBE (KKD03K) 

dosed with Composition B/HA-CFTR.  

[0130] FIG. 71A shows expression level ofHA-CFTR in F508del/F508del (TXCF042716) 

cells. FIG. 71B shows expression level of HA-CFTR in F508del/F508del (20160524CF) 

cells.  

[0131] FIG. 72 shows the relationship of CFTR function and its expression.  

[0132] FIG. 73A shows the translocation of HA-CFTR protein to the apical membrane in 

AF508/AF508 (TXCF042716) hBE cells. FIG. 73B shows rescue of CFTR function in hBEs.  

FIG. 73C shows quantification of CFTR bands by Western blot analysis.  

[0133] FIG. 74A shows the localization of HA-CFTR protein in AF508/AF508 

(20160524CF). FIG. 74B shows rescue of CFTR function in hBEs. FIG. 74C shows 

quantification of CFTR bands by Western blot analysis.  

[0134] FIG. 75 shows the CFTR expression inW1282X/W1282XhBE cells treated with 

either Composition B or Composition X.  

[0135] FIG. 76A shows the localization of HA-CFTR prtein in W1282X/W1282X 

(UI0014) cells dosed with Composition X. FIG. 76B shows rescue of CFTR function in 

hBEs. FIG. 76C shows quantification of CFTR bands by Western blot analysis.  
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[0136] FIG. 77A shows the localization of HA-CFTR prtein inW1282X/W1282X 

(U10014) cells dosed with Composition B. FIG. 77B shows rescue of CFTR function in 

hBEs. FIG. 77C shows quantification of CFTR bands by Western blot analysis.  

[0137] FIG. 78 shows a study schema.  

[0138] FIG. 79 shows planned dose level of the study.  

[0139] FIG. 80 shows schedule of event.  

101401 FIG. 81 shows cell tropism of Composition B in dF#4 (KKD03K).  

[0141] FIG.82 shows cell-mediated expression of HA-CFTR in dF#I, dF#4, and dF#4.  

[0142] FIG. 83A shows highest expression, apical translocation of HA-CFTR in 

F508del/F508del hBE (donor TXCF042716) cells dosed with Composition X. FIG. 83B 

shows rescue of chloride flux in hBEs. FIG. 83C shows quantification of CFTR bands by 

Western blot analysis.  

[0143] FIG. 84A shows expression of HA-CFTR in F508del/F508del hBE (donor 

20160524CF) cells dosed with Composition X. FIG. 84B shows rescue of chloride flux in 

hBEs. FIG. 84C shows quantification of CFTR bands by Western blot analysis.  

[01441 FIG. 85A shows expression and apical translocation of HA-CFTR post exposure to 

aerosolized Composition B in K710X/L467 (ND13816) hBE cells. FIG. 85B shows rescue of 

chloride flux in hBEs.  

[0145] FIG. 86 shows HA-CFTR post exposure to aerosolized Composition B in 

K7IOX/L467 (ND13816) cultures with significant signs of fibrosis.  

[0146] FIG. 87A shows expression and translocation of HA-CFTR post exposure to 

aerosolized Composition X in K710X/L467 (ND13816) hBE cells. FIG. 87B shows merged 

image.  

[0147] FIG. 88 shows translocation and granulation of HA-CFTR fibrosis post exposure to 

aerosolized Composition X in K71OX/L467 (ND13816) cells.  

[0148] FIG. 89 shows expression and translocation of HA-CFTR post exposure to 

aerosolized Composition X in F508del/F508del hBE (donor TXCF042716) cells.  

[0149] FIG. 90 shows immunofluorescence image of F508del/F508del hBE (KKDO17K) 

dosed with Composition B/HA-CFTR.  

[0150] FIG. 91 shows expression level of HA-CFTR after dosing with composition B, Y or 

X in different F508del/F508del hBE donor cells.  

[0151] FIG. 92 shows expresion level of HA-CFTR and chloride flux after dosingf508.  

with composition B,Y. or X in nonresponsive genotypes.  
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[0152] FIGs. 93A-93B show SORT LNP for the PCD program does not rescue CFTR 

function in F508del/F508del hBEs when delivered by aerosol. FIG. 93A shows 

representative traces of choloride flux. FIG. 93B shows shows measurement of 

transepithelial resistance (TEER) (top) and rescue of chloride flux (bottom).  

[0153] FIG. 94 shows measurement ofLDH release to detect cytotoxicity from aerosolized 

formulations.  

101541 FIG. 95 is a graph illustrating levels ofDNAI-HA mRNA indifferent lung regions 

at 6 hour post-administration.  

[0155] FIG. 96 is a graph illustrating time course ofDNAIl-HA mRNA levels in lung 

tissue following Composition A-DNAl-HA administration. Plotted is the mean ± standard 

deviation ofthe values from the three sampled lung regions per animal. N = 2 animals per 

group per time point.  

[0156] FIG. 97 is a graph illustrating time course of 4A3-SC7 lipid levels in lung tissue 

following Composition A-DNAIl-HA administration. Plotted is the mean standard 

deviation ofthe values from the three sampled lung regions per animal. N= 2 animals per 

group per time point.  

[0157] FIG. 98 is a graph illustrating time course of 14:0 EPC lipid levels in lung tissue 

following Composition A-DNAIl-HA administration. Plotted is the mean standard 

deviation ofthe values from the three sampled lung regions per animal. N= 2 animals per 

group per time point.  

[0158] FIG. 99 is a graph illustrating time course ofDMG-PEG lipid levels in lung tissue 

following Composition A-DNAIl-HA administration. Plotted is the mean standard 

deviation ofthe values from the three sampled lung regions per animal. N= 2 animals per 

group per time point.  

[01591 FIG. 100 is a graph illustrating analysis ofcell-specific expression ofDNAIl-HA 

protein in lung at 6 hour post-administratin by multiplex immunofluorescence. The 

%DNAI-HA+ population for each cell type was calculated by combining the cell counts 

from all four examined lung sections per animal. The total number of cells counted per 

animal ranged from 225.419 to 319,654. The following markers were used to stain specific 

airway cell types: Club (SCGB1AI/Uteroglobin), goblet (MUCSB), Basal (cytokeratin 5), 

ciliated (acetylated tubulin), alveolar type I (ATII) (prosurfactant protein C), epithelial 

(EpCAM), and DNAIl-HA (HA epitope tag).  

[0160] FIG. 101 is a graph illustrating analysis ofcell-specific expression ofDNAl-HA 

protein in lung at 6 hour post-administratin by multiplex immunofluorescence. Two trachea 
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sections, proximal and carina, were collected from each animal. For Group 1 (Vehicle) and 

Group 2 (Low Dose), the carina trachea section from each animal was analyzed. For Group 3 

(High Dose), both trachea sections were analyzed. The %DNAIl-HA+ population for each 

cell type was calculated for each trachea section examined. The total number of cells counted 

per section ranged from 5,604 to 25,436. Shown are the individual data points for each 

treated animal and the mean standard deviation for each group (Groups 1,2 N=2; Group 3 

N=4). The following markers were used to stain specific airway cell types: Club 

(SCGBI Al/Uteroglobin), goblet (MUC5B), basal (cytokeratin 5). ciliated (acetylated 

tubulin), epithelial (EpCAM), and DNAl1-HA (HA epitope tag).  

[0161] FIG. 102 is a graph illustrating analysis of cell-specific expression of DNAIl-HA 

protein in nasopharynx and oropharynx at 6 hour post-administration by multiplex 

immunofluorescence. Two nasopharynx or oropharynx sections were collected from each 

animal. For Group 1 (Vehicle) and Group 2 (Low Dose), one section from each animal was 

analyzed. For Group 3 (High Dose), both sections were analyzed. The %DNAIl-HA+ 

population for each cell type was calculated for each section examined. The total number of 

cells counted per section ranged from 58,993 to 145,142. Shown are the individual data 

points for each treated animal and the mean standard deviation for each group (Groups 12 

N=2; Group 3 N=4). The following markers were used to stain specific airway cell types: 

Club (SCGB1A1/Uteroglobin), goblet (MUC5B), basal (cytokeratin 5). ciliated (acetylated 

tubulin), epithelial (EpCAM), and DNAl1-HA (HA epitope tag).  

[0162] FIG. 103A is aWestem blot analysis of lung sample from high dose (0.34 mg/kg, 

group 3) at 6 hr post-exposure. For each, 50 tg total lung lysate protein was separated on an 

SDS-PAGE gel, transferred to nitrocellulose membranes, and probed for DNAIl-HA 

expression using a rabbit anti-HA-HRP monoclonal antibody conjugate. Lung samples were 

taken from the right caudal (Cd), cranial (Cr), and middle (Mi) lobes. As a positive control 

1.9 pg recombinant human DNAIl-HA was included on each gel. Location of the DNAIl

HA band is indicated by the arrow.  

[0163] FIG. 103B is aWestem blot analysis of lung sample from high dose (0.34 mg/kg, 

group 3) at 6 hr post-exposure. For each, 50 pg total lung lysate protein was separated on an 

SDS-PAGE gel, transferred to nitrocellulose membranes, and probed for total endogenous 

monkey DNAIl using a rabbit anti-DNAI1 polyclonal antibody. Lung samples were taken 

from the right caudal (Cd), cranial (Cr), and middle (Mi) lobes. As a positive control 1.9 pg 

recombinant human DNAIl-HA was included on each gel. Location of the DNAII-HA band 

is indicated by the arrow.  
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[0164] FIG. 104 is a graph illustrating hDNAI mRNA level in lung tissue at 24 hr and 

336 hr following Composition A-DNAII administration. Plotted are the individual values for 

each sample with levels above the assay LOQ (limit of quantitation). Two samples were 

tested per animal from six animals per treatment group (N=12). Solid lines indicate median 

values for each group. Dotted line indicates assay LOQ of 250 copies/pg total RNA. If no 

samples within a particular group were above the assay LOQ, a single point at 10 copies/pg 

total RNA is shown on the graph.  

[0165] FIG. 105 is a graph illustrating hDNAI ImRNA level in liver tissue at 24 hr and 

336 hr following Composition A-DNAIl administration. Plotted are the individual values for 

each sample with levels above the assay LOQ (limit ofquantitation). Two samples were 

tested per animal from six animals per treatment group (N=12). Solid lines indicate median 

values for each group. Dotted line indicates assay LOQ of 250 copies/pg total RNA. If no 

samples within a particular group were above the assay LOQ, a single point at 10 copies/pg 

total RNA is shown on the graph.  

[0166] FIG. 106 is a graph illustrating hDNAIl mRNA level in spleen tissue at 24 hr and 

336 hr following Composition A-DNAIl administration. Plotted are the individual values for 

each sample with levels above the assay LOQ (limit of quantitation). One sample was tested 

per animal from six animals per treatment group (N-12). Solid lines indicate median values 

for each group. Dotted line indicates assay LOQ of 250 copies/pg total RNA. If no samples 

within a particular group were above the assay LOQ, a single point at 10 copies/ag total RNA 

is shown on the graph.  

[0167] FIG. 107 is a graph illustrating hDNAIl mRNA level in whole blood at 24 hr and 

336 hr following Composition A-DNAII administration. Plotted are the individual values for 

each sample with levels above the assay LOQ. Samples were collected from six animals per 

treatment group per time point (3 male/3 female; N=6). Solid lines indicate median values for 

each group. Dotted line indicates assay LOQ of 250 copies/mL. If no samples within a 

particular group were above the assay LOQ, a single point at 10 copies/mL is shown on the 

graph.  

[01681 FIG. 108 is immunofluorescence images of well-differentiated wildtvpe-hBE 

cultures. Well-differentiated WT-hBE cultures (35 days post ALI) were stained with cell-type 

specific antibodies for ciliated cells (Acetylated u-tubulin, AT), club cells (club cell 10-kDa 

protein, CC1O or SCGB1A1), goblet cells (mucin 5AC, MUC5AC), and basal cells 

(cytokeratin 5 or CK5). Cell nuclei were stained using Hoechst. Each image is a collection of 
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9 contiguous fields of view (FoV) stitched together. Each FoVs was collected at 40x 

magnification.  

[01691 FIG. 109 is Western blot analyses showing DNAII (top) and DNAI2 (bottom) 

levels in WT-hBE and DNAIl-KD hBE cultures 12-, 15-, and 22-days post-ALI (air-liquid 

interface).  

[0170] FIG. 110 is immunofluorescence images of WT-hBE and DNAIl-KD hBE cultures 

using specific markers for ciliated cells (acetylated a-tubulin and DNAI). Ciliated cells in 

WT-hBE colocalized with DNAII, while DNAI Iprotein was onlyd elected in a few ciliated 

cells in DNAIl-KD hBEs.  

[0171] FIG. 111 is a graph illustrating ciliary activity in control and DNAIl-KD hBE 

cultures 14-, 18, and 21-days post ALI. WT-hBE controls (untransduced) and WT-hBEs 

transduced with TurboGFP or shRNA constructs were grown at an ALI under puromycin 

selection for 21 days. Ciliary activity was measured using high-speed video microscopy and 

SAVA software (Ammons Engineering). GFP-hBE controls demonstrate that lentiviral 

transduction alone does not lead to a loss of ciliarv activity.  

[01721 FIG. 112 is a graph illustrating dose-dependent increase in DNAI-HA protein 

expression at 24 hr post-treatment (Western blot). Well-differentiated DNAIl-KD hBE 

cultures (33-days post-ALI) were treated with a single nebulization of 150 g (0.9 pg/cm2 ), 

300 pg dose (1.9 ig/cm2), or 500 pg (3.0 pg/ cm 2) of Composition A-DNAIl-HA.  

[01731 FIG. 113 is immunofluorescence imaging illustrating incorporation of newly 

translated DNAIl-HA Protein into the ciliary axoneme of DNAIl-KD hBEs by 72h post

nebulization treatment. Well differentiated KD-hBE (33-days post-ALI) were treated with 

two nebulization of 300 g dose (1.9 pg/cm2) of Composition A-DNAIl-HA on two 

consecutive days. Panels showing DNAIl-HA protein in ciliated cells, acetylated -tubulin 

protein in ciliary axonemes and their co-localization. Scale = 20 jm binning lx1; 25 ms 

exposure, z-stacked, deconvoluted image. Non-treated control staining done as the treated 

samples.  

[0174] FIG. 114 is a graph illustrating dose response study for ciliary incorporation of 

DNAI-HA protein into cilia 72h post-nebulization. Well differentiated DNAIl-KD hBE 

(33-days post-ALI) were treated with a single or two nebulization of 150 pg (0.9 pg/cm 2) or 

300 jg dose (1.9 pg/cm2 ) or 500 pg dose (3.0 pg/cm2) of Composition A-DNAIl-HA.  

[0175] FIG. 115 is immunofluorescence imaging illustrating durable incorporation of 

DNAIl-HA protein into the axoneme of ciliated cells after a single basolateral administration 

of Composition A-DNAII-HA. Differentiated hBEs were treated with Composition A
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DNAI (10 pg/mL) by addition to the basolateral media. After a single treatment (media 

containing formulation replaced with fresh media after 5 h). treated inserts were fixed at 

different timepoints (1 d. 2 d, 7 d, 14 d, and 24 d refer to days after a single basolateral 

treatment) for immunofluorescence localization. Images show immunofluorescence 

localization of cilia in red (acetylated u-tubulin), DNAII-HA in green (HA), and DNAI-HA 

protein colocalization with cilia in yellow.  

101761 FIG. 116 is a graph and Westemblot illustrating kinetics of newly translated 

DNAII-HA protein in WT-hBE after nebulization of Composition A-DNAII-HA. Well 

differentiated WT-hBE (36 days post-ALI) were treated with 300 pg (1.9 pg/cm2 ) of 

Composition A-DNAII-HA by nebulization. Inserts were collected at different time points 

post-treatment and 10 pg of total protein was analyzed on a westem blot with anti-HA 

antibody. NTC refers to non-treated cultures.  

[0177] FIG. 117 is graphs illustrating funcitonal rescue of ciliary activity by treatment with 

nebulized Composition A-DNAIl in DNAIl-KD hBEs. Ciliary activity in hBEs was recorded 

and analyzed by Sisson-Ammons Video Analysis (SAVA) software to yield a ciliary % 

active area score for approximately 700 individual, non-overlapping field of views (FoVs).  

DNAIl mRNA treated cultures have higher levels of ciliary activity after 2, 4 and 6 

treatments compared to tdTomato mRNA treated cultures. Increased activities were 

statistically significant as determined by Welch's t-test.*= P < 0.05,**= P = 0.001,* = 

P < 0.0001, ns = not significant (P > 0.05). Ciliarv beat frequencies (right graph) for FoVs 

with % active areas >29% (those with % active areas greater than that observed in any 

tdTomato treated cultures) fall within the normal range of 5-15 Hz.  

[0178] FIG. 118 is a graph illustrating simulated deposition distribution using Yeh/Schum, 

Weibel, and PNNL airway morphometry models in healthy adults using eFlow Nebulizer 

aerosol characteristics.  

[0179] FIG. 119 is a graph illustrating model-dependent and generation- dependent MMPD 

deposition fraction preduction.  

[0180] FIG. 120 is a schematic representation of a symmetrical respiratory tract model 

illustrating conducting (comprised of generations 0-8 representing trachea, bronchi and 

bronchioles, and 9-16 terminal bronchioles) and acinar or pulmonary airways (generations 

17-23).  

[0181] FIG. 121 is graphs illusrating simulated human deposition for generations 0-8 

(trachea, bronchi and bronchioles), 9-16 (bronchioles) and 0-16 (entire TB region) as a 

function of nebulized Composition A and human airway model.  

23



WO 2024/123633 PCT/US2023/082205 

[0182] FIG. 122 is a graph illustrating simulated deposition distribution for oronasal mask 

wearing NHP using experimental aerosol characteristics.  

DETAILED DESCRIPTION 

[0183] Provided herein are aerosolized pharmaceutical compositions of lipid nanoparticles 

(LNPs). In some embodiments, the present disclosure provides aerosolized pharmaceutical 

compositions in which the LNPs have one or more of (a) an encapsulation efficiency (EE) 

greater than 50%. (b) an mRNA integrity of greater than 50%. (c) a diameter from 20 nm to 

200 nm, (d) a polydispersity of less than 0.6, and/or the aerosol particles have one or more of 

(a) a mass median aerodynamic diameter (MMAD) between 1 m to 10 pm, (b) a geometric 

standard deviation (GSD) from 1 to 5, and (c) a fine particle fraction (FPF) percent of at least 

50%. In embodiments, aerosolized pharmaceutical compositions may deliver the LNPs to a 

tracheobronchial region of a subject.  

I. DEFINITIONS 

[0184] In the Summary and the Detailed Description of the present disclosure, and the 

claims below, and in the accompanying drawings, reference is made to particular features 

(including method steps) of the present disclosure. It is to be understood that the present 

disclosure includes all possible combinations of such particular features. For example, where 

a particular feature is disclosed in the context of a particular aspect or embodiment of the 

present disclosure, or a particular claim, that feature can also be used, to the extent possible, 

in combination with and/or in the context of other particular aspects and embodiments of the 

present disclosure, and in the present disclosure generally.  

[0185] Where reference is made herein to a method comprising two or more defined steps, 

the defined steps can be carried out in any order or simultaneously (except where the context 

excludes that possibility), and the method can include one or more other steps which are 

carried out before any of the defined steps, between two of the defined steps, or after all the 

defined steps (except where the context excludes that possibility).  

[0186] The practice of the present disclosure will employ, unless indicated specifically to 

the contrary, conventional methods of chemistry, biochemistry, organic chemistry, molecular 

biology, microbiology, recombinant DNA techniques, genetics, immunology, and/or cell 

biology that are within the skill of ordinary artisan, many of which are described below for 

the purpose of illustration. Such techniques are explained fully in the literature. It is to be 

understood that this disclosure is not limited to any particular methodology, protocols, and 
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reagents described, as these may vary, depending upon the context in which they are used by 

those of skill in the art.  

[0187] All publications and patents mentioned herein are hereby incorporated by reference 

in their entireties as if each individual publication or patent was specifically and individually 

indicated to be incorporated by reference. In case of conflict, the present disclosure, including 

any definitions herein, controls. However, mention of any reference, article, publication, 

patent, patent publication, and patent application cited herein is not, and should not be taken 

as an acknowledgment, or any form of suggestion, that they constitute valid prior art or form 

a part of the common general knowledge in any country in the world.  

[0188] The section headings used herein are for organizational purposes only and are not to 

be construed as limiting the subject matter described herein. Specifically, features described 

in one section may be combined with features in any other section of the present disclosure.  

[0189] While illustrative embodiments are described and depicted, it will be appreciated 

that various changes can be made to these illustrative embodiments without departing from 

the spirit and scope of the invention.  

[0190] Unless defined otherwise herein, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to which this 

disclosure belongs. Various scientific dictionaries that include the terms included herein are 

well known and available to those in the art. Although any methods and materials similar or 

equivalent to those described herein find use in the practice or testing of the disclosure, some 

preferred methods and materials are described herein. Accordingly, the terms defined 

immediately below are more fully described by reference to the specification as a whole.  

[0191] The singular forms "a", "an", and "the" are intended to include the plural forms as 

well, unless the context clearly indicates otherwise.  

[0192] As used herein, the term -about" means a range of values including the specified 

value, which a person of ordinary skill in the art would consider reasonably similar to the 

specified value. In embodiments, about means within a standard deviation using 

measurements generally acceptable in the art. In some embodiments, about means a range 

extending to +/- 10%, +/- 5%, +/- 3% or +/- 1% of the specified value.  

[0193] The term "at least" followed by a number is used herein to denote the start of a 

range beginning with that number (which may be a range having an upper limit or no upper 

limit, depending on the variable being defined). For example, "at least 1" means 1 or more 

than 1.  
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[0194] The term "at most" followed by a number is used herein to denote the end of a range 

ending with that number (which may be a range having, for example, 1 or 0 as its lower limit, 

or a range having no lower limit, depending upon the variable being defined). For example, 

"at most 4" means 4 or less than 4, and "at most 40%" means 40% or less than 40%. When, 

in this present disclosure, a range is given as "(a first number) to (a second number)" or "(a 

first number)-(a second number)", this means a range whose lower limit is the first number 

and whose upper limit is the second number. For example, 25 to 100 mm means a range 

whose lower limit is 25 mm, and whose upper limit is 100 mm.  

[0195] Throughout this specification, unless the context requires otherwise, the words 

"comprise", "comprises" and "comprising" will be understood to imply the inclusion of a 

stated step or element or group of steps or elements but not the exclusion of any other step or 

element or group of steps or elements. For example, a composition "comprising" (or "which 

comprises") components A, B, and C can consist of (i.e., contain only) components A, B, and 

C, or can contain not only components A, B, and C but also one or more other components.  

[0196] As used herein, the term "consisting of' refers to including, and limited to, whatever 

follows the phrase "consisting of" Thus, the phrase "consisting of"indicates that the listed 

elements are required or mandatory and that no other elements may be present. The phrase 

"consisting essentially of' is meant to include any elements listed after the phrase and limited 

to other elements that do not interfere with or contribute to the activity or action specified in 

the present disclosure for the listed elements. Thus, the phrase "consisting essentially of' 

indicates that the listed elements are required or mandatory, but that no other elements are 

optional and may or may not be present depending upon whether they affect the activity or 

action of the listed elements.  

[0197] As used herein, the terms "specific", "specifically", "specificity", or the like of a 

composition refers to the composition's ability to cause a particular action, such as, but not 

limited to, inhibition, to a particular molecular target with minimal or no action to other 

proteins in the cell.  

[0198] As used herein, the term "aerosol particle" refers to a liquid or solid particle 

suspended in gas (e.g. .air). Aerosol particles include, but are not limited to, aerosol droplets 

of liquid. Generally, aerosols have aerosol particles with sizes of e.g., between about 1 

micron and about 100 microns, or in some cases between about 1 micron and about 20 

microns, or between about 1 micron and about 10 microns.  

[0199] As used herein, the term "selectively delivered" is used to refer to a composition, 

upon being delivered, which is delivered to a target organ (e.g., lungs), tissue, or cell at least 
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25% (e.g., at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, or 75%) of the amount 

administered.  

[02001 As used herein, the term "contacting" refers to allowing two species to interact, such 

as by chemical interactions including ionic, non-ionic, polar, hydrophobic, or hydrophilic 

interactions, or physically touch as accepted in the art, where the two species may be a lipid 

nanoparticle and a cell, mucus, or lining of tissue. In cell culture, an LNP may be contacted 

with a cell by mixing an LNP composition with a suitable cell culture media, or by allowing 

aerosol particles of the LNP composition to come into contact with the cell culture, such that 

the aerosol particles dissolve into liquid in the cell culture media, or liquid or mucus 

surrounding the cells, thereby allowing the LNPs to contact the cell.  

[02011 As used herein, "preventing" or any grammatical variant thereof refers to inhibiting 

an onset of a disease in a subject or patient which may be at risk and/or predisposed to the 

disease but does not yet experience or display any or all of the pathology or symptomatology 

of the disease, and/or slowing the onset of the pathology or symptomatology of the disease in 

the subject or patient which may be at risk and/or predisposed to the disease but does not yet 

experience or display any or all of the pathology or symptomatology of the disease. The 

prevention may be complete (i.e., no detectable symptoms) or partial such that fewer 

symptoms are observed than would likely to occur absent treatment.  

[0202] Reference throughout this specification to, for example, "one embodiment", "an 

embodiment", "another embodiment". "a particular embodiment", "a related embodiment", 

"a certain embodiment", "an additional embodiment". "a further embodiment", or "some 

embodiments" or any combination thereof means that a particular feature, structure or 

characteristic described in connection with the embodiment is included in at least one 

embodiment of the present disclosure. Thus. the appearances of the foregoing phrases in 

various places throughout the present disclosure are not necessarily all referring to the same 

embodiment. Furthermore, any particular feature, structure, or characteristic may be 

combined in any suitable manner in one or more embodiments.  

[0203] As used herein, the term "nebulizer" refers to a device that can convert a liquid (e.g, 

a solution, dispersion, or suspension) into aerosol particles. This process is referred to as 

"nebulization." The term "nebulizing" refers to the process or state of converting a solution, 

aqueous dispersion, or suspension, such as a liquid pharmaceutical composition, into an 

aerosol. The terms "mesh nebulizer" and/or "vibrating mesh nebulizer" refer to nebulizers 

that achieve nebulization by passing an input substance through a mesh. Using a piezo

element, the mesh may be caused to vibrate, and these vibrating disperses the liquid into the 
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surrounding air. The mesh of a mesh nebulizer may be characterized by the mesh pore size, 

and/or charge. Mesh nebulizers are driven by a piezo-element and use ultrasonic frequencies 

to vibrate the mesh. The vibration of the mesh can cause generation of aerosol particles as the 

liquid passes through it. Ultrasonic nebulizers, by contrast, produce ultrasonic waves directly 

into the solution causing aerosol particles to be produced at the liquid surface. Other means of 

generating aerosols include, but are not limited to. pressured metered-dose inhalers, dry

powder inhalers, jet nebulizers, soft mist inhalers. condensation aerosols, and aqueous nasal 

spray, as described in Chapter 30 of Remington: The Science and Practice of Pharmacy (2 3rd 

ed., 2021). Nebulizers are also characterized as vented or non-vented. Illustrative mesh 

nebulizers are described, for example, in U.S. Patent No. 9,061,303. Illustrative mesh 

nebulizers useful in the practice of the presently disclosed methods include, but are not 

limited to, those made and sold by Aerogen*, PARI*, Activaero*, and Omron®.  

[0204] As used herein, the term "aerosolized" or "aerosol" refer to a suspension of in which 

fine liquid and/or solid particles are dispersed in a gas, e.g., air. Dispersions in air, or gas of 

particles containing liquid. The aerosol generated from a nebulizer can refer to a mixture of 

air and vaporized particles generated from an aerosol-generating material, such as any of the 

aerosolized pharmaceutical compositions described herein. For example, a nebulizer can 

convert a liquid phase of any of the presently described pharmaceutical composition into a 

gaseous phase through e.g., ultrasonic vibrations. In another example, airjet mills can 

generate dry powder aerosols from dried lipid nanoparticles of the present disclosure. Non

limiting examples of air jet mills include Jet-O-Mizer, Trost jet mill, and the Microjet. In 

general, the aerosol particles of the present disclosure have low settling velocities and relative 

airborne stability. In some embodiments, the nebulizer converts a liquid pharmaceutical 

composition into an aerosolized pharmaceutical composition.  

[0205] As used herein, the term -output rate" refers to the rate of nebulization of a liquid to 

an aeroesol, generally expressed as the volume of the liquid converted to an aerosol per a 

given time (e.g., milliliters per minute or mL/min). Ouput rate may be determined by 

measuring the decrease in the volume of the input liquid over time.  

[0206] As used herein, the term "apparent pKa" refers to the overall dissociation constant 

of all titratable groups in the lipid nanoparticles. Apparent pKa is an experimentally 

determined value of molecules or nanoparticles. Apparent pKa can be expressed as the pH at 

which the number of ionized (protonated) and demonized groups are equal in a system. The 

surface charge and inonic interaction of assembled nanomaterials in nanoparticles can be 

estimated according to apparent pKa. The apparent pKa of a nanoparticle can be the result of 
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the average ratio of all the ionized to demonized groups in the nanoparticles. Thus, apparent 

pKa is not the intrinsic pKa value of any individual molecule. The apparent pKa of 

nanoparticles can be measured by various techniques. For example, acid-base titration of 2

(p-toluidino)-6-naphthalene sulfonic acid (TNS) fluorescent methods are widely used in 

determination of apparent pKa of blank nanoparticles.  

[0207] The term "therapeutically effective amount," as used herein, refers to an amount of 

the therapeutic agent sufficient to treat a disease, a disorder. or a condition. For example. with 

regard to the use of LNPs with mRNA payload to treat e.g., cystic fibrosis (CF) or primary 

ciliary dyskinesia (PCD), a therapeutically effective amount is the dosage or concentration of 

the mRNA (e.g., CFTR or PCD mRNA) capable of eradicating, inhibiting, preventing, 

slowing down the progression of all or part of e.g., CF or PCD respiratory symptoms or some 

combination thereof. For the given parameter, a therapeutically effective amount will show 

an increase or decrease of at least 5%, 10%, 15%, 20%, 25%, 40%, 50%, 60%, 75%, 80%, 

90%, or at least 100%. Therapeutic efficacy can also be expressed as "-fold" increase or 

decrease. For example, a therapeutically effective amount can have at least a 1.2-fold, 1.5

fold, 2-fold, 5-fold, or more effect over a control. The "therapeutically effective amount"can 

vary depending, for example, but not limited to, on the compound, the disease, or the 

condition and/or symptoms thereof, severity of the disease or the condition and/or symptoms 

thereof, the age, weight, and/or health of the subject to be treated, and the judgment of the 

prescribing physician. An appropriate amount in any given instance can be ascertained by 

those skilled in the art or capable of determination by routine experimentation.  

[0208] The term "pharmaceutically acceptable" refers to those compounds, materials, 

compositions, carriers, vehicles, diluents, excipients, and/or dosage forms which are, within 

the scope of sound medical judgment, 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 and/or generally 

chemically and/or physically compatible with the other ingredients comprising the 

formulation.  

[0209] The terms "lung disease," "pulmonary disease," "pulmonary disorder," broadly 

refer to diseases or disorders of lungs. Lung diseases may be characterized by symptoms 

including, but not limited to, difficulty breathing, coughing, airway discomfort and 

inflammation, increased mucus, and/or pulmonary fibrosis. Non-limiting examples of lung 

diseases include Primary Ciliary Dyskinesia (PCD) (also referred to as Kartageners 

Syndrome, or Immotile Cilia Syndrome), cystic fibrosis, asthma, lung cancer, Chronic 
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Obstructive Pulmonary Disease (COPD), bronchitis, emphysema, bronchiectasis. pulmonary 

edema, pulmonary fibrosis, sarcoidosis, pulmonary hypertension. pneumonia, tuberculosis, 

Interstitial Pulmonary Fibrosis (IPF), Interstitial Lung Disease (ILD), Acute Interstitial 

Pneumonia (AlP), Respiratory Bronchiolitis-associated Interstitial Lung Disease (RILD), 

Desquamative Interstitial Pneumonia (DIP), Non-Specific Interstitial Pneumonia (NSIP), 

Idiopathic Interstitial Pneumonia (IP), Bronchiolitis obliterans. with Organizing Pneumonia 

(BOOP). restrictive lung disease, and pleurisy.  

[0210] As used herein, the term "lipid nanoparticle" refers to a carrier or vehicle, formed 

by one or more lipid components, for paylod (e.g., nucleic acid, protein, peptide, polypeptide, 

polynucleotide, or oligonucleotide) delivery in the context of pharmaceutical development.  

Lipid nanoparticle can have one or more lipids with at least one dimension on the order of 

nanometers (e.g., 1-1000 nm). Generally, lipid nanoparticle compositions for delivery are 

composed of one or more lipids, such as, but not limited to, a synthetic ionizable or cationic 

lipid, a phospholipid, a structural lipid, and a polyethylene glycol (PEG) lipid. These 

compositions may also include other lipids. In some embodiments, at least one therapeutic 

agent (e.g. mRNA) can be captured in the lipid portion of the lipid nanoparticle or an 

aqueous space enveloped by some or all of the lipid portion of the lipid nanoparticle, thereby 

protecting it from enzymatic degredation of other undesireable effect induced by the 

biological mechanism of a target subject, tissue, and/or cell, e.g., an adverse immune 

response. In some embodiments, lipid nanoparticles comprise at least one therapeutic agent 

(e.g., mRNA) that is either organized within inverse lipid micelles and encased within a lipid 

monolayer envelop or intercalated between adjacent lipid bilayers. In some embodiments, 

the morphology of lipid nanoparticles is not like a traditional liposome, which are 

characterized by a lipid bilayer surrounding an aqueous core. In some embodiments, lipid 

nanoparticles are substantially non-toxic. In some embodiments, the theraeutic agent (e.g.  

mRNA) is resistant in aqueous solution to degradation by intracellular or intercellular 

enzymes.  

[0211] As used herein, the term "neutral phospholipid" refers to phospholipids that have 

little or no net charge at physiological pH. In some embodiments, neutral phospholipids are 

zwitterions, although other types of net neutral phospholipids are known and may be used. In 

some embodiments, neutral phospholipid can be any vesicle-forming lipid having two 

hydrocarbon chain moieties which can be effective to produce a stable bilayer formation and 

a polar head group with no net charge at pH between about 5.5-8.5. Neutral phospholipids 

having a variety of hydrocarbon chain (e.g., acyl chain) groups of varying chain length and 
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degree of saturation can be readily obtained or can be isolated or synthesized by well-known 

techniques.  

[0212] As used herein, the term "PEG-lipid" refers to a lipid modified with a polyethylene 

glycol unit. In some embodiments, the PEG-lipid comprises dimyristoyl glycerol (DMG). In 

some embodiments, the PEG-lipid comprises 1,2-distearoyl-sn-glycero-3

phosphorylethanolamine (DSPE).  

102131 As used herein, the term "sterol" refers to a subgroup of steroids with a hydroxyl 

group at the 3-position of the A-ring of a gonane ringsystem. "Cholesterol" is a sterol that has 

a structure of four fused hydrocarbon rings (gonane ringsvstem) with a polar hydroxyl group 

at one end and an eight-carbon branched aliphatic tail at the other end. Without beging bound 

by therory, the structure of the tetracyclic ring of cholesterol contributes to the fluidity of the 

cell membrane, as the molecule is in a trans conformation making all but the side chain of 

cholesterol rigid and planar. Cholesterol influences the fluidity, thickness, compressibility, 

water penetration and intrinsic curvature of lipid bilayers, for example in LNPs. For example, 

"sterol" can be cholesterol or sitosterol.  

[0214] As used herein, the term -'messenger RNA"or "mRNA" refers to a polnucleotide 

that encodes at least one polypeptide. mRNA as used herein encompasses both modified and 

unmodified RNA. mRNA may contain one or more reading frames or regions.  

[0215] As used herein, the term "shRNA" or "shor hairpin RNA" refers to a short sequence 

of RNA, which can make a tight hairpin turn and can be used to silence gene expression.  

[0216] As used herein, the term -'microRNA" refers to noncoding RNA consisting of about 

22 ribonucleotides, which can regulate gene expression in the post transcriptional stage by 

silencing messenger RNA by base-pairing with omplementary sequence in its targeted 

mRNA.  

[0217] As used herein, the phrase "N/P ratio" refers to a molar ratio of nitrogen in the lipid 

composition to phosphate in the polynucleotide payload.  

[0218] As used herein, the phrase "lipid:RNA ratio" refers to milligram of lipid for each 

milligram of mRNA drug substance which influence the encapsulation efficiency of lipid 

nanoparticles.  

[0219] As used herein, the phrase "lung cell" refers to lung airway cells. Examples of lung 

airway cells that can be targeted by delivering the compositions of the present disclosure 

include, but are not limited to, basal cell, secretory cell such as goblet cell and club cell, 

ciliated cell, and any combination thereof 
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[0220] As used herein, thet term "goblet cell" refers to a type of secretary cells. Goblet 

cells are situated in the epithelium of the conducting airways, often with their apical surfaces 

protruding into the lumen, a location that fits them for a rapid response to inhaled airway 

insults.  

[0221] As used herein, the phrase "ciliated cells" refers to cells with cilia structures on the 

cell surface. Examples of ciliated cells include, but are not limited to, respiratory tract ciliated 

cells, oviduct ciliated cell, uterine endometrial ciliated cells, rete testis ciliated cells, ductulus 

efferens ciliated cells, and/or ciliated ependymal cells. Human respiratory tract ciliated cells 

can bear 200 to 300 cilia on their surface. Cilia are elongated motile cylindrical projections 

from the apical cell membrane, approximately 0.25 mm in diameter that contain microtubules 

and cytoplasm in continuity with that of the cell. Human tracheal cilia can be 5 to 8 mm long, 

becoming shorter in more distal airways.  

[0222] The terms "subject" refers to a living organism to which any of the compositions as 

described herein may be administered. The subject may be suffering from or be at risk for a 

disease or condition that can be treated by administration of an aerosolized pharmaceutical 

composition as provided herein. Non-limiting examples of subjects include humans, other 

mammals, bovines, rats, mice, dogs, monkeys, goat, sheep, cows, deer, and other non

mammalian animals. In some embodiments, the subject is human.  

[0223] The terms "identity," "identical," and "sequence identity" refer to the extend to 

which two optimally aligned polynucleotides or polypeptide sequences are invariant 

throughout a window of alignment of components. e.g, nucleotides or amino acids.  

"Identity" can readily be calculated by known methods, including, but not limited to, those 

described in Needleman and Wunsch, J Mol. Biol. 48:443 (1970). as such one 

polynucleotide or polypeptide sequence has a certain percentage of sequence identity 

compared to another polynucleotide or polypeptide sequence. The term "percent sequence 

identity", "percent identity", or "identical to" refers to the percentage of identical nucleotides 

in a linear polynucleotide sequence of a reference ("query") polynucleotide molecule (or its 

complementary strand) as compared to a test ("subject") polynucleotide molecule (or its 

complementary strand) when the two sequences are optimally aligned. In some 

embodiments, "percent identity" can refer to the percentage of identical amino acids in an 

amino acid sequence. For sequence comparison, one sequence acts as a reference sequence, 

to which test sequences are compared. The term "reference sequence" refers to a molecule to 

which a test sequence is compared. Methods of sequence alignment for comparison and 

determination of percent sequence identity are well known in the art. Optimal alignment of 
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sequences for comparison can be conducted, e.g., by the homology alignment algorithm of 

Needleman and Wunsch. (1970) J Mol. Biol. 48:443.  

[02241 As used herein, the phrase "substantially identical," or "substantial identity" in the 

context of two nucleic acid molecules, nucleotide sequences or protein sequences, refers to 

two or more sequences or subsequences that have at least about 80%, 81%, 82%, 83%, 84%, 

85%,86%,87%,88%,89%,90%,91%,92%,93%, 94%,95%,96%,97%,98%,99%, or 

100% nucleotide or amino acid residue identity, when compared and aligned for maximum 

correspondence, as measured using one of the following sequence comparison algorithms or 

by visual inspection. In some embodiments of the present disclosure, the substantial identity 

exists over a region of consecutive nucleotides of a nucleotide sequence of the disclosure that 

is about 16 nucleotides to about 30 nucleotides, about 18 nucleotides to about 25 nucleotides, 

about 30 nucleotides to about 40 nucleotides, about 50 nucleotides to about 60 nucleotides, 

about 70 nucleotides to about 80 nucleotides, about 90 nucleotides to about 100 nucleotides, 

about 150 nucleotides to about 200 nucleotides, to about 250 nucleotide to about 400 

nucleotides, about 500 nucleotides to about 750 nucleotides, about 700 nucleotides to about 

1000 nucleotides, about 1250 nucleotides to about 2500 nucleotides, about 2000 nucleotides 

to about 4000 nucleotides, or more nucleotides in length, and any range therein, up to the full 

length of the sequence. In some embodiments, the sequences are substantially identical over 

the entire length of the coding regions. In some embodiments, substantially identical 

nucleotide or protein sequences perform substantially the same function (e.g., 

prenyltransferase activity).  

[0225] The term "fragment" or "variant" refers to any functional fragment, variant, 

derivative or analog of a polynucleotide, polypeptide or biomolecule that possesses an in vivo 

or in vitro activity that is characteristic of the polynucleotide, polypeptide, or therapeutic 

agent. In some embodiments, the fragment, variant or analog has a length equal to 10%, 

20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% or greater of the length of the polynucleotide, 

polypeptide or biomolecule. Functional expression of the fragment or variant can be easily 

assayed by the person of ordinary skill in the art by testing enzymatic activity and the ability 

to manufacture products as described herein.  

[0226] The term "treating" means one or more of relieving, alleviating, delaying, reducing, 

improving, or managing at least one symptom of a condition in a subject. The term "treating" 

may also mean one or more of arresting, delaying the onset (i.e., the period prior to clinical 

manifestation of the condition) or reducing the risk of developing or worsening a condition.  
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[0227] As used herein, the phrase "chloride flux" refer to mass of ions incorporated into 

stimulated cells, or the release of ions from the stimulated cell. Measurement of chloride flux 

is described, for example, in Moran et al. J Cystic Fibrosis 7:483-494 (2008).  

[0228] As used herein, the phrase "transepithelial electrical resistance (TEER)" is a 

measurement method of electoral resistance across a cellular monolayer to confirm the 

integrity and permeability of a monolayer. Measurement of TEER is described, for example, 

in Srinivasan et al. J. Lab. Automation 20:107-126 (2015).  

II. COMPOSITIONS OF THE DISCLOSURE 

[0229] Provided herein are compositions and methods related to aerosolized 

pharmaceutical compositions, such as methods for treating lung diseases or lung disorders.  

some of which are characterized by difficulty breathing, coughing, airway discomfort and 

inflammation, increased mucus, and/or pulmonary fibrosis, or other conditions that may be 

treated by administering agents with aerosolized pharmaceutical compositions. The 

compositions and methods of the present disclosure provide aerosol particles, where the 

aerosol particles include lipid nanoparticles (LNPs), and the composition can deliver the 

LNPs to e.g., a tracheobronchial region of a subject.  

[0230] The aerosolized pharmaceutical composition comprises LNPs. In some 

embodiments, the LNPs can selectively deliver to one or more of goblet cells, secretory cells, 

club cells, basal cells or ionocvtes. In some embodiments, the LNPs can selectively deliver to 

one or more of ciliated cells, club cells, or basal cells.  

[0231] In one aspect, provided herein is a lipid composition comprising: (i) an ionizable 

lipid; (ii) a helper lipid; (iii) a PEG-lipid, and (iv) a sterol. In some embodiments, the lipid 

composition further includes (v) an additional ionizable or a permanently cationic lipid.  

[0232] In some embodiments, the lipid nanoparticles described herein may be prepared 

according to any of the methods described in Intemational Publication Nos. W02016094342, 

W02017048789. WO2017201091, W02017205767, WO201/246203, WO020051220, 

W02022169508, WO2022204053 and W02022204215; the contents of each of which are 

incorporated herein by reference in their entireties.  

A. Ionizable Lipids 

[0233] In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises an ionizable lipid. In some embodiments, the ionizable lipid is an 

ionizable cationic lipid. In some embodiments, the ionizable cationic lipid can contain one or 
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more groups which is protonated at physiological pH but may deprotonate and has no charge 

at a pH abovethe pKa of the lipid. The ionizable cationic group may contain one or more 

protonatable amines.,which are able to form a cationic group at physiological pH. The 

cationic ionizable lipid may also further comprise one or more lipid components, such as two 

or more fatty acids with C6 -C2 4 alkyl or alkenyl carbon groups. The one or more lipid 

components may be attached to the cationic ionizable lipid through an ester linkage or may 

be further added through a Michael addition to a sulfur atom. In some embodiments, the one 

or more lipid components may be a dendrimer, a dendron, a polymer, or a combination 

thereof 

[0234] Ionizable lipid has its ordinary meaning in the art and may refer to a lipid 

comprising one or more charged moieties. In some embodiments, an ionizable lipid may be 

positively charged or negatively charged. For instance, an ionizable lipid may be positively 

charged at lower pHs, in which case it could be referred to as "cationic lipid." In certain 

embodiments, an ionizable lipid may comprise an amine group and can be referred to as an 

ionizable amino lipids. A charged moiety is a chemical moiety that carries a formal electronic 

charge. e.g., monovalent (+1, or -1). divalent (+2. or -2), trivalent (+3, or -3). etc. The 

charged moiety may be anionic (i.e., negatively charged) or cationic (i.e., positively charged).  

Non-limiting examples of positively charged moieties include amine groups (e.g., primary., 

secondary, and/or tertiary amines), ammonium groups, pyridinium group, guanidine groups, 

and imidazolium groups. In a particular embodiment, the charged moieties comprise amine 

groups. Non-limiting examples of negatively charged groups or precursors thereof, include 

carboxylate groups, sulfonate groups, sulfate groups, phosphonate groups, phosphate groups, 

hydroxyl groups, and the like. The charge of a charged moiety may vary, in some cases, with 

the environmental conditions, for example, changes in pH may alter the charge of the moiety, 

and/or cause the moiety to become charged or uncharged. In general, the charge density of 

the molecule may be selected as desired.  

[0235] It should be understood that the terms "charged" or "charged moiety" does not refer 

to a "partial negative charge" or "partial positive charge" on a molecule. The terms "partial 

negative charge" and "partial positive charge" are given its ordinary meaning in the art. A 

"partial negative charge" may result when a functional group comprises a bond that becomes 

polarized such that electron density is pulled toward one atom of the bond, creating a partial 

negative charge on the atom. Those of ordinary skill in the art will, in general, recognize 

bonds that can become polarized in this way.  
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[0236] A lipid nanoparticle composition of the present disclosure may include one or more 

ionizable (e.g., ionizable amino) lipids (e.g.. lipids that may have a positive or partial positive 

charge at physiological pH). Ionizable lipids may be selected from the non-limiting group 

consisting of 3-(didodecvlamino)-N1,N1,4-tridodecyl-1-piperazineethanamine (KL10), Ni

[2- (didodecylamino)ethyl] N1,N4,N4-tridodecy 1-1,4- piperazinediethanamine (KL22), 

14,25-ditridecyl-15,18,21.24-tetraaza-octatriacontane (KL25), 1,2-dilinoleyloxy-N,N

dimethylaminopropane (Dlin-DMA), 2,2-dilinoley1-4-dimethylaminomethyl-[1,3]-dioxolane 

(Dlin-K-DMA), heptatriaconta-6,9,28,31-tetraen-19-y 1 -4-(dimethylamino)butanoate (Dlin

MC3-DMA), 2,2-dilinoleyl-4-(2 dimethylaminoethyl)-[1,3]-dioxolane (Dlin-KC2-DMA), 

1,2-dioleyloxy-N,Ndimethylaminopropane (DODMA), 2-({8 [(3(3)-cholest-5-en-3

yloxy]octylloxy)N,N dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-yloxy]propan-1-amine 

(Octyl-CLinDMA). (2R)-2-({8-[(3(3)-cholest-5-en-3-yloxy]octylloxy)-NN-dimethyl-3

[(9Z,12Z)-octadeca-9,12-dien-l-vloxy]propan-1-amine (Octyl-CLinDMA (2R)), and (2S) 2

({8-[(3(3)-cholest-5-en-3 -yloxy] octyl } oxy)-N,N-dimethyl-3 -[(9Z12Z)-octadeca-9,12-di 

en-i -yloxy]propan-l-amine (Octyl-CLinDMA (2S)), 4-hydroxybutyl ) azanediyl)bis (hexane

6,1-diyl)bis(2-hexyldecanoate (ALC-0315). or heptadecan-9-yl 8-((2-hydroxyethyl) (6-oxo

6-(undecyloxy) hexyl) amino) octanoate (SM-102). In addition to these, an ionizable lipid 

may also be a lipid including a cyclic amine group.  

[0237] Ionizable lipids can also be the compounds disclosed in International Publication 

No. WO 2017075531 Al, hereby incorporated by reference in its entirety. Ionizable lipids can 

also be the compounds disclosed in Intemational Publication No. WO 2015199952 Al, 

hereby incorporated by reference in its entirety. In one embodiment, the ionizable lipid may 

be selected from, but not limited to, an ionizable lipid described in Intemational Publication 

Nos. W02012040184, W02011153120. W02011149733, W02011090965, 

W02011043913, W02011022460, W02012061259, W2012054365, W02012044638.  

W02010080724, WO201021865, WO2008103276, W02013086373 and WO2013086354, 

US Patent Nos. 7,893,302, 7,404,969, 8,283,333, and 8,466,122 and US Patent Publication 

No. US20100036115, US20120202871, US20130064894, US20130129785, 

US20130150625, US20130178541 and S20130225836; the contents of each of which are 

herein incorporated by reference in their entirety.  

[0238] As anon-limiting example, acationic lipid maybe selected from (20Z,23Z)-N,N

dimethylnonacosa-20,23-dien-10-amine, (17Z,20Z)-N,Ndimemylhexacosa-17,20-dien-9

amine, (1Z,19Z)-N5N-dimethylpentacosa-1 6.19-dien-8-amine, (13Z,16Z)-N,N

dimethyldocosa-13,16-dien-5-amine, (12Z,15Z)-N,N dimethylhenicosa-12,15- dien-4-amine, 
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(14Z,17Z)-N,N-dimethyltricosa-14,1 7-di en-6-amine, (15Z,18Z)-N,N-dimethyltetracosa

15,18-dien-7-amine, (18Z,21Z)-N.Ndimethvlheptacosa-18,21-dien-10-amine, (15Z,18Z)

N,N-dimethyltetracosa-15,18-dien-5-amine, (14Z,17Z)-N,N-dimethyltricosa-14,17-dien-4

amine, (19Z,22Z)-N,Ndimeihyloctacosa-19,22-dien-9-amine, (18Z,21 Z)-N,N

dimethylheptacosa- 18,21 -dien-8 -amine, (17Z,20Z)-N,N-dimethylhexacosa- 17,20-dien

7-amine, (16Z,19Z)-N.Ndimethylpentacosa-16,19-dien-6-amine, (22Z,25Z)-N,N

dimethylhentriaconta-22,25- dien-10-amine. (21 Z.24Z)-NN-dimethyltriaconta-21,24-dien

9-amine, (I8Z)-N,Ndimetylheptacos- 18-en-I0-amine, (17Z)-NN-dimethylhexacos-I7-en-9

amine, (19Z,22Z)-N,N-dimethyloctacosa-19,22-dien-7-amine, N,N-dimethylheptacosan-10

amine, (20Z,23Z)-N-ethyl-N-methylnonacosa-20,23-dien-10-amine, 1-[(liZ,14Z)-1

nonylicosa-11,14-dien-1-yl] pyrrolidine, (20Z)-N,N-dimethvlheptacos-20-en-10-amine, 

(15Z)-N,N-dimethyl eptacos-15-en-i 0-amine, (14Z)-NN-dimethylnonacos-14-en-10- amine, 

(17Z)-N,N-dimethylnonacos-17-en-10-amine, (24Z)-N,N-dimethyltritriacont-24-en-10

amine, (20Z)-N,N-dimethylnonacos-20-en-1 0-amine, (22Z)-N,Ndimethylhentriacont- 22-en

10-amine, (16Z)-N,N-dimethylpentacos-16-en-8-amine, (12Z,15Z)-N,N-dimethyl-2

nonylhenicosa-12,15-dien- 1-amine. (13Z16Z)-NNdimethy1-3-nonyldocosa-13.16-dien

1-amine, N,N-dimethyl-1- [(1S,2R)-2- oetyleyclopropyl] eptadecan-8-amine, I-[(1S,2R)-2

hexylcyclopropy ]-N,Ndimethylnonadecan-10-amine, N,N-dimethy l-1-[(IS ,2R)-2

oetylcyclopropyl]nonadecan-10-amine, N.N-dimethyl-21-[(1S,2R)-2

octylcyclopropyl]henicosan-10-amineN,N-dimethyl-1- [(S.2S)-2- { [(TR,2R)-2- p entyl cy 

clopropyl] methyl } cy cl opropyl ]nonadecan-10-amine.N,N-di methyl -1 - [(1S,2R)-2

octvlcyclopropyl]hexadecan-8-amine, N,N-dimethyl-[(1R,2S)-2 

undecyIcy clopropyl]tetradecan-5-amine, N,N-dimethy 1-3- {7- [(1S,2R)-2

octvlcyclopropyl]heptyll dodecan-1-amine, 1-[(1R,2S)-2-hepty lcyclopropyl]

N,Ndimethyloctadecan- 9-amine, 1-[(1S,2R)-2-decylcyclopropy ]-NN

dimethylpentadecan-6-amine, N,N-dimethy 1 -1-[(1S,2R)-2-octylcyclopropyl]pentadecan-8

amine, R-N,Ndimethyl-1-[(9Z,12Z)-octadeca-9,12- dien-1-yloxy]-3-(octyloxy)propan-2

amine, S-N,Ndimethyl-1-[(9Z,12Z)-octadeca- 9,12-dien-1-yloxy]-3-(octyloxy)propan-2

amine, 1- {2-[(9Z,12Z)-octadeca-9,12-dien-l-yloxy]-1-[(octyloxy)methyllethyllpyrrolidine, 

(2S)-NNdimethyl-1- [(9Z,12Z)-octadeca-9,12-dien-1-yloxy]-3-[(5Z)-oct-5-en-1

yloxy]propan-2-amine, 1- {2-[(9Z,12Z)-octadeca-9,12-dien-1-yloxy]-1

[(octyloxy)methyl]ethyllazetidine, (2S)-1- (hexyloxy)-N,N-dimethy1-3-[(9Z,12Z)-octadeca

9,12-dien-1-yloxy]propan-2- amine, (2S)-1-(heptylox)-N,N-dimethyl-3-[(9Z,12Z)-octadeca

9,12-dien-lyloxy] propan-2-amine, N,N-dimethyl-1-(nonyloxy)-3-[(9Z,12Z)-octadeca-9,12
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dien-1- yl oxy] propan-2-amine, N,N-di methyl-i -[(9Z)-octadec-9-en-1 -yloxy] -3 - (octyl 

oxy)prop an-2-amine; (2 S)-NN-dimethyl-1-[(6Z, 9Z,12Z)-octadeca-6,9,12-tri en-1-yloxy]

3 - (octvloxv)propan-2-amine, (2 S)-1-[(1IZ,14Z)-icosa-11,14-dien-l-yloxy]-N,Ndimethy1 

3-(pentyloxy)propan-2-amine, (2 S)--(hexyl oxy)-3 - [(1IZ,14Z)-i co sa-11,14- di en-i 

yloxy]-N,N-dimethylpropan-2-amine, I- [(IIZ,14Z)-icosa-II,i4-dien-1 -yloxy]- N,N

dimethy 1-3 -(octylox)propan-2-amine, 1 -[(13Z,16Z)-docosa-13.16-dien-1-yloxy]-N,N

dimethy 1-3 -(octyloxy)propan-2-amine, (2 S)-I- [(13Z.16Z)-docosa-13,16-dien-1 - yl oxy] 

3 -(hexyl oxv)-NN-dimethylprop an-2-amine, (2 S)-I- [(13Z)-doco s-13 -en-1-yl oxy]- 3 

(hexyloxy)-N,N-dimethylpropan-2-amine, 1 -[(13Z)-docos-13 -en-i -yloxy]-N,Ndimethyl- 3 

-(octyl oxy)propan-2-amine. 1-[(9Z)-hexadec-9-en-l-yloxy]-N,N-dimethyi-3

(octyloxy)propan-2-amine, (2R)-N,N-dimethyl-H(1-metoyloctyl)oxy]-3-[(9Z,12Z)- octadeca

9,12-dien-l-yloxy]propan-2-amine, (2R)-1-[(3.7- dim ethyl octyl)oxy] -N.Ndimethy 1- 3 

[(9Z,12Z)-octadeca-9,12-di en-l-yloxy] propan-2-amine, N,N-dimethyl-1 - (octyloxy)-3-({ 

8-[(1 S,2 S)-2- [(R,2R)-2- pentlcyclopropyl]methyllcyclopropyl]octyloxy)propan-2

amine, N,N-dimethyl-1 - [8- (2-oc lyl cycle opropyl)octyl] oxy}-3 -(octyl oxy)prop an-2

amine and (1IE,20Z23Z)- N,Ndimethylnonacosa- 11,20.2-trien-10-amine or a 

pharmaceutically acceptable salt or stereoisomer thereof 

[0239] In some embodiments of the lipid composition of the present application, the 

ionizable cationic lipids refer to lipid and lipid-like molecules with nitrogen atoms that can 

acquire a positive charge. The ionizable cationic lipids may be known in the literature as 

cationic lipids. The ionizable cationic lipids with amino groups typically have between 2 and 

6 hydrophobic tails, often alkyl or alkenyl such as C6 -C2 4 alkyl or alkenyl groups, but may 

have at least 1, at least 2, at least 3, at least 4, at least 5, or more than 6 tails.  

1. Dendriners 

[0240] In some embodiments, the cationic ionizable lipids are dendrimers. Dendrimers are 

a polymer exhibiting regular dendritic branching, formed by the sequential or generational 

addition of branched layers to or from a core and are characterized by a core, at least one 

interior branched layer, and a surface branched layer. (See Petar R. Dvornic and DonaldA.  

Tonalia in Chem. In Britain, 641-645, August 1994.) A dendrimer includes, but is not limited 

to, a molecular architecture with an initiator core, repeatitive layers (or generations) of 

repeating units regularly attached to this initiator core, and an exterior surface of terminal 

groups attached to the outermost generation. A dendron is a species of dendrimer having 

branches emanating from a focal point, which is or can be joined to a core, either directly or 
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through a linking moiety to form a larger dendrimer. In some embodiments, a dendrimer 

structure has radiating repeating groups from a central core, which doubles with each 

repeating unit for each branch. In some embodiments, the dendrimers described herein may 

be described as small molecules, medium-sized molecules, lipids, or lipid-like materials.  

These terms may be used to describe compounds with a dendron like appearance (e.g, 

molecules which radiate from a single focal point).  

102411 While dendrimers are polymers, dendrimers may be preferable over traditional 

polymers because they have a controllable structure, a single molecular weight, numerous 

and controllable surface functionalities, and traditionally adopt a globular conformation after 

reaching a specific generation. Dendrimers can be prepared by sequential reactions of each 

repeating unit to produce monodisperse, tree-like and/or generational structure polymeric 

structures. Individual dendrimers consist of a central core molecule, with a dendritic wedge 

attached to one or more functional sites on that central core. The dendrimeric surface layer 

can have a variety of functional groups disposed thereon including anionic, cationic, 

hydrophilic, or lipophilic groups, according to the assembly monomers used during the 

preparation.  

[0242] Modifying the functional groups and/or the chemical properties of the core, 

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

modulated. Some properties which can be varied include, but are not limited to, solubility, 

toxicity, immunogenicity and bioattachment capability. Dendrimers are often described by 

their generation or number of repeating units in the branches. A dendrimer consisting of only 

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

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

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

condensation reaction with amines and without the second condensation reaction with thiols.  

[0243] Preparation of dendrimers requires a level of synthetic control achieved through 

series of stepwise reactions comprising building the dendrimer by each consecutive group.  

Dendrimer synthesis can be of a convergent or divergent type. During divergent dendrimer 

synthesis, the molecule is assembled from the core to the periphery in a stepwise process 

involving attaching one generation to the previous and then changing functional groups for 

the next stage of reaction. Functional group transformation is necessary to prevent 

uncontrolled polymerization. Such polymerization can lead to a highly branched molecule 

that is not monodisperse and is otherwise known as a hyperbranched polymer. Due to steric 

effects, continuing to react dendrimer repeat units leads to a sphere shaped or globular 
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molecule, until steric overcrowding prevents a complete reaction at a specific generation and 

destroys the molecule's monodispersity. Thus, in some embodiments, the dendrimers of GI

GIO generation are specifically contemplated. In some embodiments, the dendrimers 

comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 repeating units, or any range derivable therein. In some 

embodiments, the dendrimers used herein are GO, G1, G2, or G3. However, the number of 

possible generations (such as 11, 12. 13, 14, 15, 20, or 25) may be increased by reducing the 

spacing units in the branching polymer.  

[0244] Additionally, dendrimers have two major chemical environments: the environment 

created by the specific surface groups on the termination generation and the interior of the 

dendritic structure which due to the higher order structure can be shielded from the bulk 

media and the surface groups. Because of these different chemical environments, dendrimers 

have found numerous different potential uses including in therapeutic applications.  

[0245] In some embodiments of the lipid compositions of the present disclosure, the 

dendrimers are assembled using a differential reactivity of acrylate and methacrylate groups 

with amines and thiols. The dendrimers may include secondary or tertiary amines and 

thioethers formed by a reaction of an acrylate group with a primary or secondary amine and a 

methacrylate with a mercapto group. Additionally, repeating units of the dendrimers may 

contain groups degradable under physiological conditions. In some embodiments, the 

repeating units may contain one or more germinal diethers, esters, amides, or disulfides 

groups. In some embodiments. the core molecule is a monoamine, which allows dendritic 

polymerization in only one direction. In other embodiments, the core molecule is a polyamine 

with multiple different dendritic branches which each may comprise one or more repeating 

units. The dendrimer may be formed by removing one or more hydrogen atoms from this 

core. In some embodiments, these hydrogen atoms are on a heteroatom such as a nitrogen 

atom. In some embodiments, the terminating group is a lipophilic group, such as a long chain 

alkyl or alkenyl group. In other embodiments, the terminating group is a long chain haloalkyl 

or haloalkenyl group. In other embodiments, the terminating group is an aliphatic or aromatic 

group containing an ionizable group, such as an amine (-NH2) or a carboxylic acid (-CO2H).  

In still other embodiments, the terminating group is an aliphatic or aromatic group containing 

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

[0246] The cationic ionizable lipids of the present disclosure may contain one or more 

asymmetrically substituted carbon or nitrogen atoms and may be isolated in an optically 

active or racemic form. Thus, all chiral, diastereomeric, racemic form, epimeric form, and all 

geometric isomeric forms of a chemical formula are intended, unless the specific 
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stereochemistry or isomeric form is specifically indicated. Cationic ionizable lipids may 

occur as racemates and racemic mixtures, single enantiomers. diastereomeric mixtures and 

individual diastereomers. In some embodiments, a single diastereomer is obtained. The chiral 

centers of the cationic ionizable lipids of the present disclosure can have the S or the R 

configuration. Furthermore, it is contemplated that one or more of the cationic ionizable 

lipids may be present as constitutional isomers. In some embodiments, the compounds have 

the same formula but different connectivity to the nitrogen atoms of the core. Without being 

to be bound by theory, it is believed that such cationic ionizable lipids can exist because the 

starting monomers react first with primary amines and then statistically with any secondary 

amines present. Thus, the constitutional isomers may present fully reacted primary amines 

and then a mixture of reacted secondary amines.  

[02471 Chemical formulas used to represent cationic ionizable lipids of the present 

disclosure will typically only show one of possibly several different tautomers. For example, 

many types of ketone groups are known to exist in equilibrium with corresponding enol 

groups. Similarly, many types of imine groups can exist in equilibrium with enamine groups.  

Regardless of which tautomer is depicted for a given formula, and regardless of which one is 

most prevalent, all tautomers of a given chemical formula are intended herein.  

[0248] The cationic ionizable lipids of the present disclosure may also have the advantage 

that they may be more efficacious than, be less toxic than, be longer acting than, be more 

potent than, produce fewer side effects than, be more easily absorbed than, and/or have a 

better pharmacokinetic profile (e.g., higher oral bioavailability and/or lower clearance) than, 

and/or have other useful pharmacological, physical, or chemical properties over, compounds 

known in the prior art, whether for use in the indications stated herein or otherwise.  

[0249] In addition, atoms making up the cationic ionizable lipids of the present application 

are intended to include all isotopic forms of such atoms. Isotopes include atoms having the 

same atomic number but different mass numbers. By way of general example and without 

limitation, isotopes of hydrogen include tritium and deuterium, and isotopes of carbon 

include 13 C and 14 C.  

[02501 It should be recognized that an anion or a cation forming a part of any salt form of 

cationic ionizable lipids provided herein is not critical, so long as the salt, as a whole, is 

pharmaceutically acceptable. Additional examples of pharmaceutically acceptable salts and 

their methods of preparation and use are presented in Handbook ofPharmaceutical Salts: 

Properties, and Use (2002), which is incorporated herein by reference in its entirety.  
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[0251] In some embodiments of the lipid compositions of the present disclosure, an 

ionizable clipid is a dendrimer or dendron. In some embodiments, an ionizable lipid 

comprises an ammonium group which is positively charged at physiological pH and contains 

at least two hydrophobic groups. In some embodiments, the ammonium group is positively 

charged at a pH from about 6 to about 8. In some embodiments, the ionizable lipid is a 

dendrimer or dendron. In some embodiments, an ionizable lipid comprises at least two C-C24 

alkyl or alkenyl groups.  

[0252] Modifying the functional groups and/or the chemical properties of the core, 

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

modulated. Some properties which can be varied include, but are not limited to, solubility, 

toxicity, immunogenicitv and bioattachment capability. Dendrimers are often described by 

their generations or number of repeating units in the branches. A dendrimer consisting of 

only the core molecule is referred to as Generation 0, while each consecutive repeating unit 

along all branches is Generation 1, Generation 2, and so on until the terminating or surface 

group. In some embodiments, half generations are possible, resulting from only a first 

condensation reaction with amines and without a second condensation reaction with thiols.  

2. Dendrimers of Formula (I) 

[02531 In some embodiments of the lipid compositions of the present disclosure, the 

ionizable lipid comprises at least two C8 -C 2 4 alkyl groups. In some embodiments, the 

ionizable lipid is a dendrimer further defined by the formula: 

Core-(Repeating Unit).-Terminating Group (D-I) 

wherein one or more hydrogen atoms of the core are replaced with a repeating unit and wherein: 

the core has the formula: 

X1 R1 

a (D-II) 

wherein: 

Xi is amino or C1-C12 alkylamino, C1-C12 dialkylamino, C3-C12 

heterocycloalkyl, C5-C12heteroaryl, or a substituted version thereof; 

Ri is amino,hydroxy, mercapto, Ci-C12 alkylamino, orC1-C12dialkylamino, or 

a substituted version of either of these groups; and 

a is 1, 2, 3, 4, 5, or 6; or 

the core has the formula: 
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X2 ftR2)(D1) Xb4 )z(D-III) 

wherein: 

X2 is N(R.; 

R5 is hydrogen. C1-Cis alkyl, or substituted C1-Cis alkyl; and 

y is 0. 1, or 2. provided that the sum of y and z is 3; 

R2 is amino, hydroxy, mercapto, C-C1 2 alkylamino, or C1 -C 12 dialkylamino, or 

a substituted version of either of these groups; 

b is 1. 2, 3, 4, 5, or 6; and 

z is 1. 2, or 3; provided that the sum of z and y is 3; or 

the core has the formula: 

R3M c d (D-IV) 

wherein: 

X3 is -NR6 -, wherein R6 is hydrogen, C1 -Cs alkyl, or C1 -Cs substituted alkyl, 

-0-, or C1 -Cs alkylaminodiyl, C1 -C alkoxydiyl, C-C arenediyl, C5 -Cs 

heteroarenediyl, C 3 -Cs heterocycloalkanediyl, or a substituted version of 

any of these groups; 

R3 and R4 are each independently amino, hydroxy, mercapto, C1-C12 

alkylamino, or C1-C 12 dialkylamino, or a substituted version of either of 

these groups; or a group of the formula: -N(R)(CH 2CH2N(Re)eR, 

Rc C1 3 alkyl R, 

N -H 2CH2-N Rd NFCH 2CH 2-N Rd 
or 

R, 

CH2 CH2 - Rd 

wherein: 

e and f are each independently 1, 2, or 3; provided that the sum 

of e and f is 3; 

R, Rd. and Rf are each independently hydrogen, C 1-C6 alkyl. or 

substituted C 1 -C6 alkyl; 

c and d are each independently 1, 2, 3, 4, 5, or 6; or 
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the core is C1 -Cis alkylamine, C1 -C3 6 dialkylamine, C 3 -C12 heterocycloalkane, or a 

substituted version of any of these groups; 

wherein the repeating unit comprises a degradable diacyl or a degradable diacyl and a 

linker; 

the degradable diacyl group has the formula: 

0 0 

R9  (D-VII) 

wherein: 

A 1 and A2 are each independently -0-, -S-, or -NRa-, wherein: 

R, is hydrogen,C1 -Calkyl, or substitutedCI-Calkyl; 

Y 3 is C1 -C 12 alkanediyl, CI-C1 2 alkenedivl, C 6-C 12 arenediyl, or a 

substituted version of any of these groups; or a group of the 

formula: 

3 'SX4 or 3 Y5 X4 

wherein: 

X3 and X4 are C1 -C 12 alkanediyl, C 2 -C 1 2 alkenediyl, C-C1 2 

arenediyl, or a substituted version of any of these groups; 

Y 5 is a covalent bond, C-C12alkanedivl. C1-C12 alkenediyl,C6

C 12 arenediyl, or a substituted version of any of these 

groups; and 

R9 is C 1-C 8 alkyl or substituted C1-C8 alkyl; 

the linker group has the formula: 

* 

S N 

(D-VI) 

wherein: 

Yiis C1 -C 12 alkanediyl, C1 -C1 2 alkenediyl, C6 -C 12 arenediyl, or a 

substituted version of any of these groups; and 
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* 

wherein each independently denotes a point of attachment to another 

repeating unit or a terminating group; and 

the terminating group has the formula: 

10 (D-VIII) 

wherein: 

Y 4 is alkanediyl or an C1-Cis alkanediyl wherein one or more of the hydrogen 

atoms on the C1-C18 alkanediyl has been replaced with -OH, -F, -Cl, 

-Br, -I, -SH, -OCH 3, -OCH 2CH3, -SCH 3, or -OC(O)CH 3 ; 

Rio is hydrogen, carboxy, hydroxy, 

C6-C 12 arVl, C1-C12 alkylamino. C1-C1 2 dialkylamino, C 3 -C1 2 N

heterocycloalkyl, -C(O)N(Rni)- C1 -C6 alkanedivl- C3-C12 

heterocycloalkyl, -C(O)- C1-C1 2 alkylamino, -C(O)- C1 -C 12 

dialkylamino, or -C(O)- C 3-C 12N-heterocycloalkyl, wherein: 

R1 is hydrogen, C1-C6 alkyl, or substituted C 1-C6 alkyl; 

wherein the final degradable diacyl in the chain is attached to a terminating 

group; 

n is 0, 1, 2, 3, 4, 5, or 6; 

or a pharmaceutically acceptable salt thereof 

[0254] In some embodiments, the terminating group is further defined by the formula: 

S 4 'R 
10 (D-VIII) 

wherein: 

Y4 is C1 -C18 alkanediyl; and 

Rio is hydrogen. In some embodiments, A 1 and A 2 are each independently -0- or 

-NRa-.  

[0255] In some embodiments of the dendrimer of formula (D-I), the terminating group is a 

structure selected from the structures in Table 3.  

[0256] In some embodiments of the dendrimer of formula (D-I), the core is further defined 

by the formula: 
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X2  R2 z 
b z(D-III) 

wherein: 

X 2 is N(R)y; 

R5 is hydrogen or C-C alkyl, or substituted C-Cis alkyl; and 

y is 0. 1, or 2. provided that the sum of y and z is 3; 

R 2 is amino, hydroxy, or mercapto, or C1 -C 12 alkylamino, C 1-C 12 dialkylamino, or a 

substituted version of either of these groups; 

b is 1. 2, 3, 4, 5, or 6; and 

z is 1. 2, 3; provided that the sum of z and y is 3.  

[0257] In some embodiments of the dendrimer of formula (D-I), the core is further defined 

by the formula: 

R3  X3  R4 

c T d (D-IV) 

wherein: 

X3 is -NR 6 -, wherein R6 is hydrogen, C-Cs alkyl, or substituted C1 -C alkyl, -0-, or 

C1 -C8  alkylaminodiyl, C1-Cs alkoxvdiyl, C1-Cs arenediyl, C1 -C8 

heteroarenediyl, C 1-C 8 heterocycloalkanediyl, or a substituted version of any of 

these groups; 

R 3 and R4 are each independently amino, hydroxy, or mercapto or C 1-C 12 alkylamino, 

dialkylamino, or a substituted version of either of these groups; or a group of 

RO 

the formula: -N(Rf)t(CH 2CH2N(Re))eRai, N CH2 CH 2  
Rd 

C 3 alkyl Re Re 

RCH2 CH 2 -- N Rd Or CH 2CH 2-N- )Rd 
,or 

wherein: 

e and f are each independently 1, 2. or 3; provided that the sum of e and 

f is 3; 

Re, R, and Rf are each independently hydrogen, C1-C6 alkyl, or 

substituted CI-C6 alkyl; 

c and d are each independently 1, 2, 3, 4. 5, or 6.  
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[0258] In some embodiments of the dendrimer of formula (I). the terminating group is 

represented by the formula: 

AS 
1  10 (D-VIII), 

wherein: 

Y 4 is alkanediyl(cis). and 

Rio is hydrogen.  

[0259] In some embodiments of the dendrimer of formula (D-I), a core of the structure of 

formula (D-IV) is: 

NH 2 

CHS 
H CH3 H K 

H2N -- N NH2 H 3C'N_, N,_,, NH 2 H2N N NH2 

H ,H3  H CH 3  H 
HC CH3 H2 N N NN NH2 HO NNH2 

H2N 

H2NN 

HNCH3 

H3C, CH3 H 

H H NH 2  NH 2 H3C'N 

H3C N N CH3 H H 
H H , H2N N N NH2 

H H 

H2N N N N NH2 H2NN N N NH2 
H H ,or 

H2N NNH 2 

, or a pharmaceutically acceptable salt thereof 

[0260] In some embodiments of the dendrimer of formula (D-I), the core comprises a 

structural formula set forth in Table 2 and pharmaceutically acceptable salts thereof, wherein 

* indicates a point of attachment of the core to a repeating unit (i.e., where a hydrogen of the 

core is relaced with a repeating unit).  

[0261] In some embodiments of the dendrimer of formula (D-T), the degradable diacyl is 

further defined as: 
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0 Me 

0 

[0262] In some embodiments of the dendrimer of formula (D-I), the linker is further 

AS' N'\ 

defined as (D-VI), 

wherein Yi is C1 -C8 alkanediyl or substituted C1 -C 12 alkanediyl.  

[0263] In some embodiments, in the core of formula (D-IV), R6 is H. In some 

embodiments, in the core of formula (D-IV), R6 is C1 -C8 alkyl. In some embodiments, in the 

core of formula (D-IV), R6 is substituted alkyl (e.g., alkyl substituted with -NH2, alkyl 

substituted with -NHCH3, or alkyl substituted with -NHCH2CH3).  

[0264] In some embodiments, one or two hydrogen atoms of the core are replaced with a 

repeating unit. In some embodiments, three or four hydrogen atoms of the core are replaced 

with a repeating unit. In some embodiments, five hydrogen atoms of the core are replaced 

with a repeating unit. In some embodiments, six hydrogen atoms of the core are replaced with 

a repeating unit.  

[0265] In some embodiments of the dendrimer of formula (D-I), the dendrimer is selected 

from the group consisting of: 

S S 

O O O O0 

N N N 
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0 0 

0,.--K-s 

0 0 

oJ
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S/ 

0 0 

S o r o S 

S o O N N -_ N 0,-o 

and 

S/ 

0 0 S o Oy , 1N -,N -N N O o S 

S 

and pharmaceutically acceptable salts thereof 

3. Dendrimers of Formula (X) 

[02661 In some embodiments of the lipid composition, the ionizable lipid is a dendrimer of 

the formula Core4Branch)N . In some embodiments, the ionizable lipid is a dendrimer of 

the formula 

Core f diacyl grouplinker group [(diacyl group(terminating group) } N 

Branch 
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[0267] In some embodiments of the lipid composition, the ionizable lipid is a dendrimer of 

a generation (g) having a structural formula: 

Core- diacyl group linker group "{ diacyl group (terminating group) Z N 

Branch 

or a pharmaceutically acceptable salt thereof, wherein: 

(VI) the core comprises a structural formula (Xcoe): 

Rl *.Rio 
RiN L-Q L1-N (Xcore) 
Rib ' \R1 d 

wherein: 

Qis independently at each occurrence a covalent bond, -0-, -S-, -NR2_ or 

CR3aR3b_: 

R2 is independently at each occurrence R1 9 or -L2-NReR; 

R3
a and R3 b are each independently at each occurrence hydrogen or an 

optionally substituted (e.g., Ci-C, such as C1-C3) alkyl; 

Ria, Ri, Ri°, Rid, Ri°, Ri, and R19 (if present) are each independently at each 

occurrence a point of connection to a branch, hydrogen, or an optionally substituted 

(e.g., CI-C12) alkyl; 

LO, L, and L 2 are each independently at each occurrence selected from a 

covalent bond, alkylene, heteroalkylene, [alkylene]-[heterocycloalkyl]-[alkylene], 

[alkylene]-(arylene)-[alkylene], heterocycloalkyl, and arylene; or, 

alternatively, part of L' form a (e.g., C4-C 6) heterocycloalkyl (e.g., containing 

one or two nitrogen atoms and, optionally, an additional heteroatom selected from 

oxygen and sulfur) with one of Ri and Rid; and 

x Iis 0, 1, 2, 3, 4, 5, or 6; and 

(b) each branch of the plurality (N) of branches independently comprises a 

structural formula (XBranch): 

*-(diacyl grouplinker group j{diacyl group terminating group Z (XBranch) 

wherein: 

*indicates a point of attachment of the branch to the core; 
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g is 1, 2, 3, or 4; 

Z = 29-1); 

G=0, when g=1 or G _'=_ 2 2, when gf1; 

each diacyl group independently comprises a structural formula 

0 0 

A1 A 2 m2 

R3d R R3  
, wherein: 

*indicates a point of attachment of the diacyl group at the proximal 

end thereof; 

**indicates a point of attachment of the diacyl group at the distal end 

thereof; 

Y 3 is independently at each occurrence an optionally substituted (e.g., 

C1-C1 2); alkylene, an optionally substituted (e.g., C1-C1 2 ) 

alkenylene, or an optionally substituted (e.g., C1-C 12 ) 

arenylene; 

A' and A2 are each independently at each occurrence -0-, -S-, or 

NR4-, wherein: 

R4 is hydrogen or optionally substituted (e.g., CI-C6 ) 

alkyl; 

mi and m 2 are each independently at each occurrence 1, 2, or 3; and 

RWe, R 3d, R3 e, and R 3are each independently at each occurrence 

hydrogen or an optionally substituted (e.g., C1-Cs) alkyl; and 

(d) each linker group independently comprises a structural formula 

*S YN 

wherein: 

**indicates a point of attachment of the linker to a proximal 

diacyl group; 

***indicates a point of attachment of the linker to a distal 

diacyl group; and 

Yi is independently at each occurrence an optionally substituted (e.g., 

C 1-C 2 ) alklene, an optionally substituted (e.g, CI-C2) 
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alkenylene, or an optionally substituted (e.g., C-C12 ) 

arenylene: and 

each terminating group is independently selected from optionally substituted 

(e.g., Ci-C18, such as C4 -Ci 8 ) alkylthiol, and optionally substituted (e.g.. C1

Ci, such as C 4 -Ci 8 ) alkenylthiol.  

[0268] In some embodiments of Xcore, Q is independently at each occurrence a covalent 

bond, -0-, -S-, -NR2-, or -CR3
aR

3 b. In some embodiments of Xcore, Q is independently at each 

occurrence a covalent bond. In some embodiments Of XCore, Q is independently at each 

occurrence an -0-. In some embodiments of Xcore, Q is independently at each occurrence a 

S-. In some embodiments of Xcore, Q is independently at each occurrence a -NR2 and R2 is 

independently at each occurrence Ri or -L2-NRieRf. In some embodiments Of Xcore Q, is 

independently at each occurrence a -CR3
aR

3b R3
a, and R 3a and R3b are each independently at 

each occurrence hydrogen or an optionally substituted alkyl (e.g., C1-C6, such as C-C3).  

[0269] In some embodiments ofXcore, Ria, Rib, Ric, Rid, Rl°, Rl , and R1 9 (if present) are 

each independently at each occurrence a point of connection to a branch, hydrogen, or an 

optionally substituted alkyl. In some embodiments of Xore. Ria, Rib, R, Rid, Rie, R, and 

Ri (if present) are each independently at each occurrence a point of connection to a branch, 

hydrogen. In some embodiments of Xco, Ria, Rib, Ri, RidR, R f, R, and Ri9 (if present) are 

each independently at each occurrence a point of connection to a branch an optionally 

substituted alkyl (e.g., C1-C12).  

[0270] In some embodiments Of Xcore. LLi, and L 2 are each independently at each 

occurrence selected from a covalent bond, alkylene, heteroalkylene, [alkylene]

[heterocycloalkyl]-[alkylene], [alkylene]-(arylene)-[alkylene], heterocycloalkyl, and arylene; 

or, alternatively, part of Li form a heterocycloalkyl (e.g., C4 -C6 and containing one or two 

nitrogen atoms and, optionally, an additional heteroatom selected from oxygen and sulfur) 

with one of R and Rid. In some embodiments Of Xore, Lo, Li, and L2 are each independently 

at each occurrence can be a covalent bond. In some embodiments of Xcore, L, Li, and L 2 are 

each independently at each occurrence can be a hydrogen. In some embodiments Of Xore, L°, 

Li, and L2 are each independently at each occurrence can be an alkvlene (e.g., Ci-C12, such as 

C1-C 6 or C-C 3 ). In some embodiments Of Xcore, LoLi, and L2 are each independently at each 

occurrence can be a heteroalkylene (e.g., C1-C12, such as Ci-Cs or C-C6 ). In some 

embodiments of Xcoe, L', L', and L2 are each independently at each occurrence can be a 

heteroalkylene (e.g., C2 -C 8 alkyleneoxide, such as oligo(ethyleneoxide)). In some 

embodiments of Xcoe, L°, L, and L2 are each independently at each occurrence can be a 
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[alkylene]-[heterocycloalkyl]-[alkylene] [(e.g., C1-C 6) alkylene]-[(e.g., C4 -C 6) 

heterocycloalkyl]-[(e.g., C 1-C) alkylene]. In some embodiments of Xcore, L°, Li. and L 2 are 

each independently at each occurrence can be a [alkylene]-(arylene)-[alkylene] [(e.g., C1-C6 ) 

alkylene]-(arylene)-[(e.g., C1-C 6) alkylene]. In some embodiments of Xcore, L 0, Li, and L2 are 

each independently at each occurrence can be a [alkylene]-(arylene)-[alkylene] (e.g., [(e.g., 

C1-C 6) alkylene]-phenylene-[(e.g., C1-C6) alkylene]). In some embodiments of Xcore, LLi, 

and L2 are each independently at each occurrence can be a heterocycloalkyl (e.g., C4

C6heterocycloalkv). In some embodiments of Xcore, L, Li, and L 2 are each independently at 

each occurrence can be an arylene (e.g., phenylene). In some embodiments of Xcore, part of 

Li form a heterocycloalkyl with one of R° and Rid. In some embodiments of Xcore, part of L 

form a heterocycloalkyl (e.g., C4-C6 heterocycloalkyl) with one of Ri and Rid and the 

heterocycloalkyl can contain one or two nitrogen atoms and. optionally, an additional 

heteroatom selected from oxygen and sulfur.  

[0271] In some embodiments ofXcore, L 0, Li, and L 2 are each independently at each 

occurrence selected from a covalent bond, Ci-C6 alkylene (e.g., C-C3 alkylene), C 2-C12 (e.g., 

C 2 -C 8) alkyleneoxide (e.g., oligo(ethyleneoxide), such as -(CH 2CH20)1-4-(CH2CH2 )-). [(C1

C 4) alkylene]-[(C 4-C) heterocycloalkyl]-[(C1-C 4 ) alkylene] (e.g., 14 ), and 
1-4 

-k" 

[(CI-C4) alkylene]-phenylene-[(C1-C 4) alkylene] (e.g., -4). In some 

embodiments of Xcore, L', L, and L 2 are each independently at each occurrence selected from 

C1-C 6 alkylene (e.g., CI-C3 alkylene), -(C-C3 alkylene-0)1-4-(C1-C3 alkylene), -(C-C 3 

alkylene)-phenylene-(Ci-C3 alkylene)-, and -(Ci-C3 alkylene)-piperazinyl-(Ci-C3 alkylene)-.  

In some embodiments of Xcore, L, Li, and L2 are each independently at each occurrence Ci

C 6 alkylene (e.g., C1-C 3 alkylene). In some embodiments, L0, Li, and L2 are each 

independently at each occurrence C2-C12 (e.g., C2-Cs) alkyleneoxide (e.g., -(C-C3 alkylene

0)1-4-(Ci-C3 alkylene)). In some embodiments ofXcoe, L°, Li, and L 2 are each independently 

at each occurrence selected from [(C-C 4) alkylene]-[(C4-C) heterocycloalkyl]-[(C1-C 4) 

alkylene] (e.g., -(Ci-C 3 alkylene)-phenylene-(Ci-C 3 alkylene)-) and [(C-C 4) alkylene]-[(C 4

C 6) heterocycloalkyl]-[(Ci-C4) alkylene] (e.g., -(C-C3 alkylene)-piperazinyl-(C-C3 

alkylene)-).  
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[0272] In some embodiments OfXcore, x Iis 0, 1, 2, 3, 4, 5, or 6. In some embodiments of 

XCore, x1 is 0. In some embodiments of Xcore, x1 is 1. In some embodiments of Xcore, x 1 is 2.  

In some embodiments Of Xc0 re, x1 is 0. 3. In some embodiments Of Xcore x 1 is 4. In some 

embodiments of Xcoe xi is 5. In some embodiments of Xcore, xi is 6.  

[0273] In some embodiments Of Xcore, the core comprises a structural formula: 

Ria Rio Ria RiC 

N L-Q L/-N N-L1-N 
Rib 0-3 Rid (e.g., R1b Rld). In some embodiments Of XCore, the core 

R2o Rla R2 R1° 
N L'- N Ll-Ni 

comprises a structural formula: R 'Lld. In some embodiments Of Xcore, the 

Ria R R10  R aN R1c 
I , I~ N I N LO-N L'-N i | 

core comprises a structural formula: Rib x 1 Rd (e.g., R1b R19 R1d 

Rla 1(43 4 1-
3 R1C 

RiN N 1N 
1b R1d Rl 'a4- -4-3 R1c R11 a t N R1 

RRN NN N N N-KN 
I I I '. I I I I 

C1-3 alkyl , 1b R19 R, or R1b R1g R1 R19 Rid ).In some 

RRle R" 

Rla \ L2 RiC 

N L)-N L'-N 1d 
embodiments of XCorc, the core comprises a structural formula: R1b X1 R 

RIa Ric N   L N R 1a Rib R1? Rib 
Rib o / ''Rid 'N' i 1 
RLN '   

1N 'RR N 0-3 1d R 1-3 1 

(e.g., Re Rl , such as Re or e ).In some 

Rila q2 

N-LO-Q' N-Ric 

embodiments of Xcore, the core comprises a structural formula: Rib 

wherein Q' is -NR2 - or -CR3 R3 i;q 1 and q 2 are each independently or 2. In some 

Ria 
R1a\N -3 

Rib 
iQN1-2 

1-2 ( N 

embodiments of Xcore, the core comprises a structural formula: R1C (eg.  

55



WO 2024/123633 PCT/US2023/082205 

Ria\ Ria R 1a\   
Ria 

N -3 N 13N-(N 

Rib Rib Rib N R b N 

N N N N 
Rio R 'Ro, or Rio).Insome 

N °-3 

Rib' 
A 

R 1e 
N 

embodiments of Xcore, the core comprises a structural formula 0-3 Rd or 

RaRia\ Ri\ 

N R N Rb N 

A Rio R b N Rio Ri 
A Ri° N /R1e N / R4° 

N'N N 
1- Rid (e.g., 0-3 \ Rid (3Rld

Rib Rib 

R lRi° \/ Rio 

N N 
0-3Rd I, or Ri d), wherein ring A is an optionally substituted 

aryl or an optionally substituted (e.g, C3 -C12 , such as C3-C5) heteroaryl. In some 

R1" .O 

1-4 N--Rd 

embodiments of Xcore, the core comprises has a structural formula R1 

[0274] In some embodiments of Xcore, the core comprises a structural formula set forth in 

Table 2 and pharmaceutically acceptable salts thereof, wherein * indicates a point of 

attachment of the core to a branch of the plurality of branches.  

[0275] In some embodiments, the plurality (N) of branches comprises at least 3 branches, at 

least 4 branches, at least 5 branches. In some embodiments, the plurality (N) of branches 

comprises at least 3 branches. In some embodiments, the plurality (N) of branches comprises 

at least 4 branches. In some embodiments, the plurality (N) of branches comprises at least 5 

branches.  
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[0276] In some embodiments OfXBranch, g IS 1, 2, 3, or 4. In some embodiments OfXBranch, 

g is 1. In some embodiments Of XBranch, g is 2. In some embodiments Of XBranch. g is 3. In 

some embodiments Of XBranch, g is 4.  

[0277] In some embodiments OfXBranch, Z = 2 (-1 and when g=1, G=O. In some 

embodiments Of XBrach, Z = 21-1 and G = E ' 2 2', when g#1.  

[0278] In some embodiments OfXBranch, g=I, G=O, Z=I, and each branch of the plurality of 

branches comprises a structural formula each branch of the plurality of branches comprises a 

structural formula * diacyl group (terminating group) 

[0279] In some embodiments OfXBranch, g=2, G=1, Z=2, and each branch of the plurality of 

branches comprises a structural formula 

*idiacyl groupV-lnker group diacyl group )-(terminating group) 

diacyl group)- terminating group) 

[02801 In some embodiments OfXBranch, g=3 G=3. Z=4, and each branch of the plurality of 

branches comprises a structural formula 

iacyl group) (terminating group) 

diacyl group) (terminating group) 

j1diacyl group)-(linker 
*4fiacyl group)-(linker -I 

iacy ]1diacyl group)-(linker diacyl group) (terminating group) 

iacyl group) (terminating group) 
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[0281] In some embodiments ofXBranch, g=4, G=7, Z=8, and each branch of the plurality of 

branches comprises a structural formula 

diacyl group)(terminating group) 

(diacyl group)-(terminating group) 

jdiacyl group)-(terminating group) 

-- diacyl group)-terminating group) 

iacyl group)-(linker j 

diacyl group)-(inker 

(sdiacyl group)-(linker 
*iiacyl group)-(linker diacyl group)-terminating group) 

(diacl grup~lnker diacyl group)-(terminating group) diacyl group)-Iinker 

diacyl group)terminating group) 

[0282] In some embodiments, the dendrimers described herein with a generation (g)= 1 

GEN g7 GEN " 

diacy y   iacyl-termiatinggroup 

diacyl-terminating group 
has the structure: 

[0283] In some embodiments, the dendrimers described herein with a generation (g)= 1 
GEN~g OEqiT Pj4 

-Y N diacyl-terminating group 

diacyl y diacyl 
iS :'-N diacyl-terminating group 

diacyl Ny.diacyl-terminating group 

has the structure: diacyl terminatinggroup 

[0284] An example formulation of the dendrimers described herein for generations 1-4 is 

shown in Table 1. The number of diacyl groups. linker groups, and terminating groups can be 

calculated based on g.  

Table 1. Formulation of Dendrimer Groups Based on Generation (gj 

g=1 I g=2 g=3 g=4 
# of diacyl grp 1 1+2=3 1+2+22=7 1+2+22+23=15 1+2+...+29-1 
# of linker grp | 0 1 1+2 1+2+22 1+2+...+2g-2 

# of terminating 1 2 22 23 2-1) 
grp 
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[0285] In some embodiments, the diacyl group independently comprises a structural 

0 0 

formula R3 d R ,* indicates a point of attachment of the diacyl group at 

the proximal end thereof, and ** indicates a point of attachment of the diacyl group at the 

distal end thereof 

[0286] In some embodiments of the diacyl group of XBranch. Y3 is independently at each 

occurrence an optionally substituted; alkylene, an optionally substituted alkenylene, or an 

optionally substituted arenylene. In some embodiments of the diacyl group OfXBranch, 3is 

independently at each occurrence an optionally substituted alkylene (e.g., C1-C 12 ). In some 

embodiments of the diacyl group of XBranh, y3 is independently at each occurrence an 

optionally substituted alkenylene (e.g., C1-C12). In some embodiments of the diacyl group of 

XBranch y3 is independently at each occurrence an optionally substituted arenylene (e.g., Ci

C1 2).  

[0287] In some embodiments of the diacyl group ofXBranch, A and A2 are each 

independently at each occurrence -0-, -S-. or -NR4 -. In some embodiments of the diacvl 

group OfXranch, A' and A2 are each independently at each occurrence -0-. In some 

embodiments of the diacyl group of XBranch, Ai and A 2 are each independently at each 

occurrence -S-. In some embodiments of the diacyl group OfXBranch, A' and A2 are each 

independently at each occurrence -NR4 - and R4 is hydrogen or optionally substituted alkyl 

(e.g., C-C6 ). In some embodiments of the diacyl group OfXBranch, mI and m2 are each 

independently at each occurrence 1, 2, or 3. In some embodiments of the diacyl group of 

XBranch, m and m2 are each independently at each occurrence 1. In some embodiments of the 

diacyl group ofXBranch, m and m2 are each independently at each occurrence 2. In some 

embodiments of the diacyl group of XBranch, mi and m 2 are each independently at each 

occurrence 3. In some embodiments of the diacl group ofXranch, We.R3  , Rt, and R are 

each independently at each occurrence hydrogen or an optionally substituted alkyl. In some 

embodiments of the diacyl group of XBranch, R3 , R3 , R3°, and R3 are each independently at 

each occurrence hydrogen. In some embodiments of the diacyl group of XBranch, R3, Rd, R 3 

and R3 are each independently at each occurrence an optionally substituted (e.g. Ci-Cs) 

alkyl.  

[0288] In some embodiments of the diacyl group, Ai is -0- or -NH-. In some embodiments 

of the diacyl group, A' is -0-. In some embodiments of the diacyl group, A2 is -0- or -NH-.  
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In some embodiments of the diacyl group, A 2 is -0-. In some embodiments of the diacyl 

group, Y 3 is C1-C12 (e.g., C1-C6, such as C-C 3) alkylene.  

[02891 In some embodiments of the diacyl group, the diacyl group independently at each 

0 0 

occurrence comprises a structural formula Rd R3 R3 f   (e.g., 

0 0 

R R , suchas 0 ),and optionally R3°, 

R 3d, R3 , and R3 are each independently at each occurrence hydrogen or C1 -C3 alkyl.  

[0290] In some embodiments, linker group independently comprises a structural formula 

indicates a point of attachment of the linker to a proximal diacyl group, 

and *** indicates a point of attachment of the linker to a distal diacyl group.  

[0291] In some embodiments of the linker groupOf XBranch if present, Y1 is independently 

at each occurrence an optionally substituted alkylene, an optionally substituted alkenylene. or 

an optionally substituted arenylene. In some embodiments of the linker groupOfXBranch if 

present, Y 1 is independently at each occurrence an optionally substituted alkylene (e.g., C1

C1 2 ). In some embodiments of the linker groupOf XBranch if present, Yi is independently at 

each occurrence an optionally substituted alkenylene (e.g.,Ci-Ci 2). In some embodiments of 

the linker groupOfXBranchif present. Yi is independently at each occurrence an optionally 

substituted arenylene (e.g.,C1-C12).  

[0292] In some embodiments of the terminating groupof XBranch, each terminating group is 

independently selected from optionally substituted alkylthiol and optionally substituted 

alkenylthiol. In some embodiments of the terminating groupof XBranh, each terminating 

group is an optionally substituted alkylthiol (e.g., C-CI8, such asC4-C18). In some 

embodiments of the terminating groupof XBranch, each terminating group is optionally 

substituted alkenylthiol (e.g., Ci-Cig, such asC4 -C18).  

[0293] In some embodiments of the terminating groupof XBranch, each terminating group is 

independently C 1-C 18 alkenylthiol or C-C18 alkylthiol, and the alkyl or alkenyl moiety is 

optionally substituted with one or more substituents each independently selected from 

halogen, C6-C 12 aryl,C1-C 12 alkylamino, C4-C 6 N-heterocycloalkyl, -OH, -C(O)OH, 

-C(O)N(Ci-C 3 alkyl)-(Ci-C6 alkylene)-(C1-C12alkylamino), -C(O)N(Ci-C 3 alkyl)-(Ci-C6 
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alkylene)-(C 4-C 6 N-heterocycloalkyl), -C(0)-(C1-C12 alkylamino), and -C(O)-(C 4 -C 6 N

heterocycloalkyl), and the C 4-C 6 N-heterocycloalkyl moiety of any of the preceding 

substituents is optionally substituted with C-C3 alkyl or C1 -C 3 hydroxyalkyl.  

[0294] In some embodiments of the terminating group of XBranch, each terminating group is 

independently Ci-Cis (e.g., C 4 -C13) alkenylthiol or C1-Cis (e.g., C 4 -C1 8 ) alkylthiol, wherein 

the alkyl or alkenyl moiety is optionally substituted with one or more substituents each 

independently selected from halogen, C6 -C 12 ary (e.g., phenyl), C1-C12 (e.g.. Ci-Cs) 

alkylamino (e.g., C 1 -C6 mono-alkylamino (such as -NHCH 2CH2CH2CH3) or C1-Cs di

N NN 
alkylamino (such as % , ,, )), C4 -C 6 N-heterocycloalkyl 

N O N 
(e.g., N-pyrrolidinyl(4 ),N-piperidinyl( ),N-azepanyl (K' )),-OH, 

C(O)OH, -C(O)N(C1-C3 alkyl)-(C1-C6 alkylene)-(Ci-C12 alkylamino (e.g., mono- or di

0 

N N 

alkylamino)) (e.g., I | ),-C(O)N(CI-C 3 alkyl)-(C1-C6 alkylene)-(C4-C6N

N No 

heterocycloalkyl) (e.g.. ),-C(0)-(C1-C12 alkylamino (e.g., mono- or di

0 

alkylamino)), and -C(O)-(C 4 -C 6 N-heterocycloalkyl) (e.g., N OH), wherein 

the C4 -C6 N-heterocycloalkyl moiety of any of the preceding substituents is optionally 

substituted with CI-C 3 alkyl or C1-C3 hydroxyalkyl. In some embodiments of the terminating 

group OfXBranch, each terminating group is independently Ci-Cis (e.g.. C4-Cis) alkylthiol, 

wherein the alkyl moiety is optionally substituted with one substituent -OH. In some 

embodiments of the terminating group of XBranch, each terminating group is independently Ci

Ci8 (e.g., C4-Ci8) alkylthiol, wherein the alkyl moiety is optionally substituted with one 

substituent selected from C1-C12 (e.g.. Ci-Cs) alklamino (e.g., C1-C mono-alkylamino (such 

N- N N 
as -NHCH 2CH2CH2CH3) or Ci-C8 di-alkylamino (such as , , 
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N 'N 
))and C4 -C6 N-heterocycloalkyl (e.g., N-pyrrolidinyl(' ),N-piperidinyl( 

N 
),N-azepanyl (- )). In some embodiments of the terminating group OfXBranch, 

each terminating group is independently C1 -Cis (e.g., C 4-C18 ) alkenylthiol or C1 -C18 (e.g., C4

Cis) alkylthiol. In some embodiments of the terminating group Of XBranch, each terminating 

group is independently C1 -C18 (e.g., C4-C18) alkylthiol.  

Table 2. Example core structures 

ID # Structure 

IAl -N N 

1A2 \N N-I 

1A3 HON

I 
1A4 N N 

IA5 N NH 

2AI -L 

2A1 -_NN 

H2 N 

2A2 

2A3 N 

2A4 N 

N N 

2A5 
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ID # Structure 

N 
2A6 

N 

2A7 /-N- N\ 

2A8 

N 

2A9 N N 

2A10 N 

2AlI 
I |I 

2A12 N 
I I 

3A1 N N 

3A2 N 

3A3 N N N 

3A4 H 

N 

3A5 

N N N'-N 

4AI -L 
N N 

4A1 N 

4A2 N N 
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ID # Structure 

-7 
4A3 N-, 

4A4 \N O -~N\ 
-j

T 7 

5A2 

H 

5A3 N " N N " N 

NV N Ny 

5A4 

N H 

5A5 'I

-L -r 
6A1 N" N\ 

6A2 AN N N NN 

7-r 
6A3 

NN_ 

1H2 

1H3 ~ 

2H1 
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ID # Structure 

2H3 yN 

2H4 y 

2H5 yN 

2H6 yN 

102951 In some embodimentsof Xcoie the core comprises astructural formula selected 

N N 
H 

from the group consisting of: 

H 

N N' 

x* 
N 

A- N N 
H HH 

H H 

HNNH 
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N- 

-1N/- N N 
__ N- 

/-N N-* 

I-N 

N N N 

N N-* 

**-N 
N N N HON 

** 

* * . N 

HON ~~/ N N N 

* * 

N N NN 

N 

* and pharmaceutically acceptable salts thereof, wherein *indicates a 

point of attachment of the core to a branch of the plurality of branches.  

[0296] In some embodiments of the terminating group of XBranch, each terminating group is 

independently a structure selected from the structurs in Table 3. In some embodiments, the 

dendrimers described herein can comprise a terminating group or pharmaceutically 

acceptable salt, or thereof selected in Table 3.  

Table 3. Example terminating group / peripheries structures 

ID # Structure 

SC1 s 

SC2 

SC3 

SC4 YS x 
SC56 
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ID # Structure 

SC6 

SC7 

SC8 

SC9 8 

SC10 S 

SC12 S 

SC14 S 

SC16 

SC18 

SC19 s 

SO1 x S ,,-OH 
0 OH 

S02 S 
0 OO 

S03 
0 

S04 ASzxOH 

HO 
S05 S OH 

S06 

S07 

S08 

S09 

SNI 

SN2 <` N-" 
H 

SN3 
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ID # Structure 

SN4 N 

SN5 N 

SN6 N 

SN7 

S N 

SN8 

0 SN9 S N 
N 

0 SN10 
N 

N 
SN11l N 

[0297] In some embodiments, the dendrimer of Formula (X) is selected from those set forth 

in Table 4 and pharmaceutically acceptable salts thereof 
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Table 4. Example ionizable cationic lipo-dendrimers 

ID# Struciture 

0 

0 

2A2
SC140 0 S C H29 O 

'A6
SC14 

2A2-6 

SCl4 O 
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ID#4 Stntetuiv 

S0 

0 N> 
2A9- o ' 

SCO'ic 

0 

00 

N 

00 

0 

0 0 

00 

00 

0 0 
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00 

4AM- N O SC12 __-, 

0N 0 

00 

4A1- 0 C 0 2)

SC12 N2-2S 

0C). 0 0 T N 

S C 12 
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ID # Ststr 

0 0i 

0 

0 

'4N1 _NH 

0 0 0 

GiHs 

S 0 0
N 

o2 H:8  0 0 

'0 NH 

a4 

0~ 0 
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ID# Slivdure 

C H 

00 
0 00 

5A3-1- 0, of~">N 

o, 

0 0 C H17 

,S-C-H, 

0 0 

0 NH 

5A4-1

o 0 0 

000 

0~ ~ 0-

' 0 NH 

00 

s ' H-, 0 0 
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I*D # Stunr 

C00 

o C 0 Ck 

5A5 
SCS 0 

0 

50 50 

SC112 

N --- N0 
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0 

c0 HNJ 
5A2- s 

SC12 0 

C H 0 No 
5A -4 

0
.' 0  

0) 0 

75S
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o # Struct:ure~ 

0 

5A3--- < 

SCA(- N 

C~H~ 0 IS~ 

o 0 0 0 C4 

5A4-1-- 0 

00 0 

0 

(H76
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d'i 

SA4- 0,-"C 

SIC8 

SC1.S 
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ID# Structur 

N 

P4 0 

=o 0 

/~ > 

2A> 0 

gSC 0 

SC 12 

00 

N0J, 

0 N78
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[1) # Structure 

sc~ I 

0 0 0 ) 

0 N-~ SJ %0/-/ 
0> K 0 

2A11- 0 

79S
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II)# is~ict~Yn 

g2QC8 

)o 0 

SC2SC N 

0 

?S 0 s -I 

00 0 

00 0 

0 80
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ID# Structure 

0 0\ 

00
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104 Structure 

0P 

00 0H .  

a-r 

0o 0 
/ 

~ 0 0 

/j 

82-CH>
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Q. 0 

00 

0 'Y- 2 

SC12 
Ks~~'N~e"N 00N 

0.-

83~ N



WO 2024/123633 PCT/US2023/082205 

I# Snitr 

N 0.  

0 10 

5-

) S0  0v 0 
oo 

0
kA 

0084



WO102024/123633 PCT/US2023/082205 

Iff 
N f 

- 2- S6 

SC 12 
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II)# structure 

'0 ol 0 C53 

0 0, 

N 

og 3 
SC&N

0 

N- lHi 

0. 0 86
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00 0 

1A2
g3-S'C8 

0 0y

SC12 

o~ 
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ID# Stncure 

CC) 

7A

s N 

2A2- N '~.~. ~ ~ 

1g6,arm ) o 

C 0 

K 2 

0 j 0 -0 

5A2-4

SC8 CH-sN N N N O 

s 0 0 

000 

O C3H--S 9C8 

5A-5- o 0 0 0 o~ 0 
SC8 Ca 

(6arnj 0 

0 H o> 
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11) Structure 
03 0 

0 o e' o 

5A2-6- 0 0~ 0-0-o 

SCS 

0 

(5-arfl) 

H HY 

00 

0 

00 

0 0 

0 H 

C82HH 1, 

4A1

A, 0__ 0, 
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ID) Structulre 

0 0 

4AI- N0

00 

) 00 

00 

00T 

4A3- 0 ~ 0 

0 0 

0 0 

4 A3- 0 0 
8(27 

0 0 

N N N 

__ll 6 0 
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ID~ 4Structure 

* 0 0 

(6 arm) 

oo 

S-CCH 1 

0.,.  

N 0 

00 0 

001

CHjS 0 0 
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... .. ... .. .. ... . .. ... . ......  

SNm 

0 

[0298] In some embodiments, the dendrimer is 2A2-SC14. In some embodiments, the 

dendrimer is 2A6-SC 14. In some embodiments, the dendrimer is 2A9-SC 14. In some 

embodiments, the dendrimer is 3A3-SC10. In some embodiments, the dendrimer is 3A3

SC14. In some embodiments, the dendrimer is 4A5-SC10. In some embodiments, the 

dendrimer is 3A5-SC14. In some embodiments, the dendrimer is 4A1-SC12. In some 

embodiments, the dendrimer is 4A3-SC12. In some embodiments, the dendrimer is 5Al

SC 12. In some embodiments, the dendrimer is 5Al-SC8. In some embodiments, the 

dendrimer is 5A2-2-SCl2. In some embodiments, the dendrimer is 5A3-1-SCl2. In some 

embodiments, the dendrimer is 5A3-1 -SC8. In some embodiments, the dendrimer is 5A4-1

SC 12. In some embodiments, the dendrimer is 5A4-1-SC8. In some embodiments, the 

dendrimer is 5A5-SC 8. In some embodiments, the dendrimer is 5A5-SC 12. In some 

embodiments, the dendrimer is 5A2-4-SC12. In some embodiments, the dendrimer is 5A2-4

SC10. In some embodiments, the dendrimer is 5A3-2-SC8. In some embodiments, the 
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dendrimer is 5A3-2-SC12. In some embodiments, the dendrimer is 5A4-2-SC8. In some 

embodiments, the dendrimer is 5A4-2-SC12. In some embodiments, the dendrimer is 6A4

SC8. In some embodiments, the dendrimer is 6A4-SC12. In some embodiments, the 

dendrimer is 2A2-g2-SC12. In some embodiments, the dendrimer is 2A2-g2-SC8. In some 

embodiments, the dendrimer is 2A11-g2-SC12. In some embodiments, the dendrimer is 

2A11-g2-SC8. In some embodiments, the dendrimer is 3A3-g2-SC12. In some embodiments, 

the dendrimer is 3A3-g2-SCS. In some embodiments, the dendrimer is 3A5-g2-SC12. In 

some embodiments, the dendrimer is 2A11-g3-SC12. In some embodiments, the dendrimer is 

2A11-g3-SC8. In some embodiments, the dendrimer is 1A2-g4-SC12. In some embodiments, 

the dendnmer is 4Al-g2-SC12. In some embodiments, the dendrimer is 1A2-g4-SC8. In 

some embodiments, the dendrimer is 4Al-g2-SC8. In some embodiments, the dendrimer is 

4A3-g2-SC12. In some embodiments, the dendrimer is 4A3-g2-SC8. In some embodiments, 

the dendrimer is 1A2-g3-SC12. In some embodiments, the dendrimer is 1A2-g3-SC8. In 

some embodiments, the dendrimer is 2A2-g3-SC12. In some embodiments, the dendrimer is 

2A2-g3-SC8. In some embodiments, the dendrimer is 5A2-4-SC8. In some embodiments, the 

dendrimer is 5A5-SC8. In some embodiments, the dendrimer is 5A2-6-SC8. In some 

embodiments, the dendrimer is 5A2-1-SC8. In some embodiments, the dendrimer is 5A2-2

SC8. In some embodiments, the dendrimer is 4A1-SC5. In some embodiments, the dendrimer 

is 4Al-SC8. In some embodiments, the dendrimer is 4A3-SC6. In some embodiments, the 

dendrimer is 4A3-SC7. In some embodiments, the dendrimer is 4A3-SC8. In some 

embodiments, the dendrimer is 5A4-2-SC5. In some embodiments, the dendrimer is 5A4-2

SC6. In some embodiments, the dendrimer is 5A2-4-SC8. In some embodiments, the 

dendrimer is 3A5-g2-SC8. In some embodiments, the dendrimer is 5A2-SC8.  

4. Other Ionizable lipids 

[0299] In some embodiments of the lipid composition, the cationic lipid comprises a 

structural formula (D-I'): 

N1 N b 

R3 - - (D-I') 

wherein: 

a is 1 and b is 2, 3, or 4; or, alternatively, b is 1 and a is 2, 3, or 4; 

m is 1 and n is 1; or, altematively, m is 2 and n is 0; or, alternatively, m is 2 and n is 

1; and 
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R, R2, R3, R4, R3, and R6 are each independently selected from the group consisting 

of H, -CH2CH(OH)R 7. -CH(R 7 )CH2 OH. -CH2CH 2C(=0)OR 7 , -CH2CH2C(=O)NHR 7 , and 

CH 2R
7, wherein R7 is independently selected from C-C1 8 alkyl, C3-C1 8 alkenyl having one 

C=C double bond, a protecting group for an amino group, -C(=NH)NH 2, a poly(ethylene 

glycol) chain, and a receptor ligand; 

provided that at least two moieties among R1 to R6 are independently selected from 

CH 2CH(OH)R7 , -CH(R 7)CH2 OH, -CH 2 CH2C(=O)OR 7 , -CH 2CH2C(=O)NHR 7. or -CH2 R7 , 

wherein R 7 is independently selected from C 3-C18 alkyl or C3 -C 1 8 alkenyl having one C=C 

double bond; and 

wherein one or more of the nitrogen atoms indicated in formula (D-I') may be 

protonated to provide a cationic lipid.  

[0300] In some embodiments of the cationic lipid of formula (D-I'), a is 1. In some 

embodiments of the cationic lipid of formula (D-I'), b is 2. In some embodiments of the 

cationic lipid of formula (D-I'), m is 1. In some embodiments of the cationic lipid of formula 

(D-I'), n is 1. In some embodiments of the cationic lipid of formula (D-I), R, R2 , R, R 4, R', 

and R6 are each independently H or -CH 2CH(OH)R 7. In some embodiments of the cationic 

OH 

lipid of formula (D-I'). R, R2 .R3 NR4 .R 5 .and R6 are each independently H or R. In 

some embodiments of the cationic lipid of formula (D-I'), R, R2 , R3, R4, R5 , and R6 are each 

OH 

independently H or 'R In some embodiments of the cationic lipid of formula (D-I'), 

R7 is C 3-C 18 alkyl (e.g., C6 -C 12 alkyl).  
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[0301] In some embodiments, the cationic lipid of formula (D-I') is 13,16,20-tris(2

hydroxydodecyl)-13.16,20,23-tetraazapentatricontane-11.25-diol: 

HO OH 

N ,N N 
H 

OH OH OH 

[0302] In some embodiments, the cationic lipid of formula (D-I') is (1R,25R)-13,16,20

tns(I-2-hydroxydodecyl)-13,16,20,23-tetraazapentatricontane-11,25-diol: 

H R) (R) OH 

N N NR HO" OH 

OH .,OH OH 
(R) 

[0303] Additional cationic lipids that can be used in the compositions and methods of the 

present application include those cationic lipids as described in J. McClellan, M. C. King, 

Cell 2010, 141, 210-217, and International Patent Publication W02010144740, 

W02013149140, W02016118725, W02016118724, W2013063468, W02016205691.  

W02015184256, W02016004202, W02015199952, W02017004143, W02017075531, 

W02017117528, W02017049245, W02017173054 and W02015095340, which are 
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incorporated herein by reference for all purposes. Examples of those ionizable cationic lipids 

include but are not limited to those as shown in Table 5.  

Table 5. Example Ionizable Cationic Lipids 

# Structure of example ionizable cationic lipid 

2 

3 

4 

5 

6 

9 
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10N 
HO, N 

11 

--I I 
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13 .K 

141 

145K 
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16 m.  

17 

18 

19 

20 
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21 

22 

23 

24 

25 

26 
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27N A N.A N 

28 

29 

30' ~"-' 

31N .NNA N,'N 

32 

30,.N~AN ,'ly~A 

A'. '01N~~ A , N
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33 

34 

35 

36 

374 

NT 

38 
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39 

400 

41 

42 

43 

44 
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45 

46 

47 

48 

49 

104



WO 2024/123633 PCT/US2023/082205 

50 

511 

52 

53 

54 

55 
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56 I 

R4= -(CH2) 2OH -(CH2)30H, -(CH2)40H; 
57 

R4=-(CH 2) 2 0H, -(CH2) 30H. -(CH2)40H; 

58 

R4 -(CH 2) 2 0H, -(CH2) 30H -(CH 2)40H; 
59 

60 

61 

62 

63 
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64 

65 

66 

67 

68 

[0304] In some embodiments of the lipid composition of the present disclosure, the 

ionizable lipid is present in an amount of from about from about 20 mol% to about 23 mol%.  

In some embodiments, the ionizable lipid is present in an amount of about 20 mol%, about 

20.5 mol%, about 21 mol%, about 21.5 mol%, about 22 mol%, about 22.5 mol%, or about 23 

mol%. In other embodiments, the ionizable lipid is present in an amount of from about 7.5 

mol% to about 20 mol%. In some embodiments, the ionizable lipid is present in an amount of 

about 7.5 mol%, about 8 mol%, about 9 mol%, about 10 mol%, about 11I mol%, about 12 
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mol%, about 13 mol%, about 14 mol%, about 15 mol%, about 16 mol%, about 17 mol%, 

about 18 mol%, about 19 mol%, or about 20 mol%.  

[0305] In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of from about 5 mol% to about 30 

mol%. In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of from about 10 mol% to about 25 

mol%. In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of from about 15 mol% to about 20 

mol%. In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of from about 10 mol% to about 20 

mol%. In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of from about 20mol% to about 

30mol%. In some embodiments of the lipid composition of the present disclosure, the lipid 

composition comprises the ionizable lipid in an amount of of at least (about) 5 mol%, at least 

(about) 10 mol%, at least (about) 15 mol%, at least (about) 20 mol%, at least (about) 25 

mol%, or at least (about) 30 mol%. In some embodiments of the lipid composition of the 

present disclosure, the lipid composition comprises the ionizable lipid in an amount of of at 

most (about) 5 mol%, at most (about) 10 mol%, at most (about) 15 mol%, at most (about) 20 

mol%, at most (about) 25 mol%, or at most (about) 30mol%.  

B. Helper Lipids 

[0306] In some embodiments, helper lipids are phospholipids. Phospholipids, as defined 

herein, are any lipids that comprise a phosphate group. The lipid component of a lipid 

nanoparticles may include one or more phospholipids, such as one or more (poly) unsaturated 

lipids. Phospholipids may assemble into one or more lipid bilayers. In general, phospholipids 

may include a phospholipid moiety and one or more fatty acid moieties. A phospholipid 

moiety may be selected from the non-limiting group of phosphatidyl choline, phosphatidyl 

ethanolamine, phosphatidyl glycerol, phosphatidyl seine, phosphatidic acid, 2

lysophosphatidyl choline, and a sphingomyelin. A fatty acid moiety may be selected from the 

non-limiting group of lauric acid, myristic acid, myristoleic acid, palmitic acid, palmitoleic 

acid, stearic acid, oleic acid, linoleic acid, alpha-linolenic acid, erucic acid, phytanoic acid, 

arachidic acid, arachidonic acid, eicosapentaenoic acid, behenic acid, docosapentaenoic acid, 

and docosahexaenoic acid.  
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[0307] Non-natural species including natural species with modifications and substitutions 

including branching, oxidation, cyclization, and alkynes are also contemplated. For example, 

a phospholipid may be functionalized with or cross-linked to one or more alkynes (e.g., an 

alkenyl group in which one or more double bonds is replaced with a triple bond). Under 

appropriate reaction conditions, an alkyne group may undergo a copper-catalyzed 

cycloaddition upon exposure to an azide. Such reactions may be useful in functionalizing 

nanoparticles to facilitate membrane permeation or cellular recognition or in conjugating 

nanoparticles to an additional component, such as a targeting or imaging moiety (e.g., a dye).  

[0308] In some embodiments, the LNPs described herein comprises about 5 mol% to about 

30 mol% of phospholipid. In some embodiments, the LNPs comprises about 10 mol% to 

about 30 mol%, or about 12 mol% to about 30 mol%, or about 14 mol% to about 30 mol%, or 

about 16 mol% to about 30 mol%, or about 18 mol% to about 30 mol%, or about 20 mol% to 

about 30 mol%, or about 22 mol% to about 30 mol%, or about 24 mol% to about 30 mol%, or 

about 26 mol% to about 30 mol%, or about 28 mol% to about 30 mol%. In some 

embodiments, the LNPs comprises about 10 mol%, or about 11 mol%, or about 12 mol%, or 

about 13 mol%, or about 14 mol%, or about 15 mol%, or about 16 mol%, or about 17 mol%, 

or about 18 mol%, or about 19 mol%, or about 20 mol%, or about 21 mol%, or about 22 

mol%, or about 23 mol%, or about 24 mol%, or about 25 mol%, or about 26 mol%, or about 

27 mo%, or about 28 mol%, or about 29 mol%, or about 30 mol%.  

[0309] In some embodiments, the LNPs comprises about 5% to about 30% weight of 

phoshpolipid. In some embodiments, the LNPs comprises about 5% weight, or 10%, or 12%.  

or 15%, or 18%, or 20%, or 25%, or 30% weight of phospholipid.  

[0310] In some embodiments of the lipid components of the present disclosure, the lipid 

components may further comprise a molar percentage of the phospholipid to the total lipid 

composition from about 20 to about 23. In some embodiments, the molar percentage is from 

about 20, 20.5, 21, 21.5, 22, 22.5, to about 23 or any range derivable therein. In other 

embodiments, the molar percentage is from about 7.5 to about 60. In some embodiments, the 

molar percentage is from about 7.5, 8, 9, 10. 11, 12, 13, 14, 15, 16, 17, 18, 19, to about 20 or 

any range derivable therein.  

[0311] In some embodiments of the lipid components of the present disclosure, the lipid 

components comprise the phospholipid at a molar percentage from about 8% to about 23%.  

In some embodiments of the lipid components of the present disclosure, the lipid components 

comprise the phospholipid at a molar percentage from about 10% to about 20%. In some 

embodiments of the lipid components of the present application, the lipid components 
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comprise the phospholipid at a molar percentage from about 15% to about 20%. In some 

embodiments of the lipid components of the present disclosure, the lipid components 

comprise the phospholipid at a molar percentage from about 8% to about 15%. In some 

embodiments of the lipid components of the present disclosure, the lipid comp components 

osition comprises the phospholipid at a molar percentage from about 10% to about 15%. In 

some embodiments of the lipid components of the present disclosure, the lipid components 

comprise the phospholipid at a molar percentage from about 12% to about 18%. In some 

embodiments of the lipid components of the present disclosure, the lipid composition 

comprises the phospholipid at a molar percentage of at least (about) 8%, at least (about) 10%, 

at least (about) 12%, at least (about) 15%, at least (about) 18%, at least (about) 2 0 %, or at 

least (about) 2 3 %. In some embodiments of the lipid components of the present disclosure.  

the lipid components comprise the phospholipid at a molar percentage of at most (about) 8%.  

at most (about) 10%, at most (about) 12%, at most (about) 15%, at most (about) 18%, at most 

(about) 20%, or at most (about) 23%.  

[0312] Phospholipids useful or potentially useful in the presently described compositions 

and methods may be selected from: 12-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2

dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), 1,2-dilinoleoyl-sn-glycero-3

phosphocholine (DLPC), 1,2-dimyristoyl-sn-glycero-phosphocholine (DMPC), 1,2-dioleoyl

sn-glycero-3-phosphocholine (DOPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine 

(DPPC), 1.2-diundecanoyl-sn-glycero-phosphocholine (DUPC), 1-palmitoyl-2-oleoyl-sn

glycero-3-phosphocholine (POPC). 1,2-di-O-octadecenyl-sn-glycero-3-phosphocholine (18:0 

Diether PC), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine 

(OchemsPC), 1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC), 1,2-dilinolenoyl-sn

glycero-3-phosphocholine. 1,2-diarachidonoyl-sn-glycero-3-phosphocholine. 1,2

didocosahexaenoyl-sn-glycero-3-phosphocholine, 1,2-diphytanoyl-sn-glycero-3

phosphoethanolamine (ME 16.0 PE), 1,2-diphytanoyl-sn-glycero-3-phosphocholine (4ME 

16:0 PC), 1,2-diphytanoyl-sn-glycero-3-phospho-('-rac-glycerol) (sodium salt) (4ME 16:0 

PG), 1,2-diphytanoyl-sn-glycero-3-phospho-L-serine (sodium salt) (4ME 16:0 PS), 1,2

distearoyl-sn-glycero-3-phosphoethanolamine, 1,2-dilinoleoyl-sn-glycero-3

phosphoethanolamine, 1,2-dilinolenoyl-sn-glycero-3-phosphoethanolamine, 1,2

diarachidonoyl-sn-glycero-3-phosphoethanolamine, 1,2-didocosahexaenoyl-sn-glycero-3

phosphoethanolamine, and 1,2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt 

(DOPG), and sphingomyelin.  
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[0313] In some embodiments, the phospholipid may contain one or two long chain (e.g., 

C 6-C2 4 ) alkyl or alkenyl groups, a glycerol or a sphingosine, one or two phosphate groups, 

and, optionally, a small organic molecule. The small organic molecule may be an amino acid, 

a sugar, or an amino substituted alkoxy group, such as choline or ethanolamine. In some 

embodiments, the phospholipid is a phosphatidylcholine. In some embodiments, the 

phospholipid is distearoylphosphatidylcholine or dioleoylphosphatidylethanolamine. In some 

embodiments, other zwitterionic lipids are used, where zwitterionic lipid defines lipid and 

lipid-like molecules with both a positive charge and a negative charge.  

[0314] In some embodiments of the lipid components of the present disclosure, the 

phospholipid is not an ethylphosphocholine.  

C. Polymer-con jugated lipids 

[0315] The lipid components of the present disclosure may include lipids conjugated to 

polymers, such as lipids conjugated to polyethylene glycol (PEG-lipid). Illustrative methods 

for making and using PEG-lipids are described, for example, in International Patent 

PublicationNo. W02012099755 and U.S. Patent Publication No. 2014/0200257.  

[0316] In one embodiment, PEG-lipids useful in the present disclosure can be PEG-lipids 

described in Intemational Patent Publication No. WO 2012/099755, the contents of which is 

herein incorporated by reference in its entirety. Any of these exemplary PEG-lipids described 

herein may be modified to comprise a hydroxyl group on the PEG chain. In certain 

embodiments, the PEG-lipid is a PEG-OH lipid. PEG-OH lipid is a PEG-lipid having one or 

more hydroxyl (-OH) groups on the lipid. In certain embodiments, the PEG-OH lipid 

includes one or more hydroxyl groups on the PEG chain. In certain embodiments, a PEG-OH 

or hydroxy-PEG-lipid comprises an -OH group at the terminus of the PEG chain. Each 

possibility represents a separate embodiment of the present disclosure.  

[0317] In some embodiments of the lipid component of the present disclosure, the lipid 

component further comprises a polymer conjugated lipid. In some embodiments, the polymer 

conjugated lipid is a PEG-lipid. In some embodiments, the PEG-lipid is a diglyceride, which 

also comprises a PEG chain attached to the glycerol group. In other embodiments, the PEG

lipid is a compound, which contains one or more C6 -C2 4 long chain alkyl or alkenyl group or 

a C6 -C 2 4 fatty acid group attached to a linker group with a PEG chain. Some non-limiting 

examples of a PEG-lipid includes a PEG modified phosphatidylethanolamine, a PEG

modified phosphatidic acid, a PEG-modified ceramide, PEG-modified dialkylamines, and 

PEG-modified 1,2-diacyloxypropan-3-amines, PEG-modified diacylglycerols, PEG-modified 
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dialkylglycerols, and mixtures thereof For example, a PEG-lipid may be PEG-c-DOMG, 

PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC. or PEG-DSPE. In some embodiments, 

PEG modified diastearoyiphosphatidylethanolamine or PEG-modified dimyristoyl-sn

glycerol. In some embodiments, the PEG modification is measured by the molecular weight 

of PEG component of the lipid. In some embodiments, the PEG modification has a molecular 

weight from about 100 Da to about 15,000 Da. In some embodiments, the molecular weight 

is from about 200 Da to about 500 Da from about 400 Da to about 5,000 Da from about 500 

Da to about 3,000 Da, or from about 1,200 Da to about 3,000 Da. The molecular weight of 

the PEG modification is from about 100, 200, 400, 500, 600, 800, 1,000, 1,250, 1,500, 1,750, 

2,000, 2,250, 2,500, 2,750, 3,000, 3,500, 4,000, 4,500, 5,000, 6000, 7,000, 8,000, 9,000, 

10,000. 12.500, to about 15,000 Da. Some non-limiting examples of lipids that may be used 

in the present disclosure are taught in U.S. Patent No. 5,820,873, International Patent 

Publication No. WO 2010/141069, or U.S. Patent No. 8,450,298, which are incorporated 

herein by reference in their entireties.  

[0318] In some embodiments of the lipid composition of the present application, the PEG

0 
R12  

R 0,,,10 1,, R, 

lipid has a structural formula: x , wherein: R 12 and R 13 are each 

independently alkyl(c24). alkenyl(c<24). or a substituted version of either of these groups; Re is 

hydrogen, alkyl(c<), or substituted alkyl(c); and x is 1-250. In some embodiments, Re is 

alkyl(cs8) such as methyl. R 12 and R 13 are each independently alkylCe4-2o). In some 

embodiments, x is 5-250. In one embodiment, x is 5-125 or x is 100-250. In some 

embodiments, the PEG-lipid is 1,2-dimyristoyl-sn-glycerol, methoxypolyethylene glycol.  

[0319] In some embodiments of the lipid component of the present disclosure, the PEG

0 O 
0 

N 

O N 0 N 
1 1 0 0

lipid has a structural formula: 

wherein: ni is an integer between 1 and 100 and n2 and n3 are each independently selected 

from an integer between 1 and 29. In some embodiments, ni is 5, 10, 15, 20, 25, 30, 31, 32, 

33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 
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90, 95, or 100, or any range derivable therein. In some embodiments, ni is from about 30 to 

about 50. In some embodiments, n2 is from 5 to 23. In some embodiments, n2 is 11 to about 

17. In some embodiments, n3 is from 5 to 23. In some embodiments, n1 is 11 to about 17.  

[0320] In some embodiments of the lipid component of the present disclosure, the 

component may further comprise a molar percentage of the PEG-lipid to the total lipid 

composition from about 4.0% to about 4.6%. In some embodiments, the molar percentage is 

from about 4.0%, 4.1%, 4 .2 %, 4 .3 %, 4.4%, 4 .5 %, to about 4 .6 % or any range derivable 

therein. In other embodiments, the molar percentage is from about 1.5% to about 4.0%. In 

some embodiments, the molar percentage is from about 1.5%,1.75%,2%, 2.25%, 2.5%, 

2.75%, 3%, 3.25%, 3.5%, 3.75%, to about 4.0% or any range derivable therein.  

[0321] In some embodiments of the lipid component of the present disclosure, the lipid 

component comprises the polymer-conjugated lipid at a molar percentage from about 0.5% to 

about 10%. In some embodiments of the lipid component of the present disclosure, the lipid 

composition comprises the polymer-conjugated lipid at a molar percentage from about 1% to 

about 8%. In some embodiments of the lipid component of the present disclosure, the lipid 

composition comprises the polymer-conjugated lipid at a molar percentage from about 2% to 

about 7%. In some embodiments of the lipid component of the present application, the lipid 

component comprises the polymer-conjugated lipid at a molar percentage from about 3% to 

about 5%. In some embodiments of the lipid component of the present disclosure, the lipid 

component comprises the polymer-conjugated lipid at a molar percentage from about 5% to 

about 10%. In some embodiments of the lipid component of the present disclosure, the lipid 

component comprises the polymer-conjugated lipid at a molar percentage of at least (about) 

0.5%, at least (about) %, at least (about) 1.5%, at least (about) 2%, at least (about) 2.5%, at 

least (about) 3%, at least (about) 3 .5 %, at least (about) 4%, at least (about) 4 .5 %, at least 

(about) 5%, at least (about) 5.5%, at least (about) 6%, at least (about) 6 .5 %, at least (about) 

7%, at least (about) 7.5%, at least (about) 8%, at least (about) 8.5%, at least (about) 9%, at 

least (about) 9 .5 %, or at least (about) 10%. In some embodiments of the lipid component of 

the present disclosure, the lipid component comprises the polymer-conjugated lipid at a molar 

percentage of at most (about) 0.5%, at most (about) 1%, at most (about) 1. 5 %, at most 

(about) 2%, at most (about) 2.5%, at most (about) 3%, at most (about) 3.5%, at most (about) 

4%, at most (about) 4.5%, at most (about) 5%, at most (about) 5.5%, at most (about) 6%, at 

most (about) 6 .5 %, at most (about) 7%, at most (about) 7.5%, at most (about) 8%, at most 

(about) 8.5%, at most (about) 9%, at most (about) 9.5 %, or at most (about) 10%.  
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D. Structural Lipids 

[0322] The lipid nanoparticle may include one or more structural lipids. A structural lipid 

can be a steroid or a steroid derivative. In some embodiments of the lipid component of the 

present disclosure, the lipid component further comprises a steroid or steroid derivative. In 

some embodiments, the steroid or steroid derivative comprises any steroid or steroid 

derivative. Steroid is a class of compounds with a four ring 17 carbon cyclic structure, which 

can further comprise one or more substitutions including alkyl groups, alkoxy groups, 

hydroxy groups, oxo groups, acyl groups, or a double bond between two or more carbon 

atoms. In one aspect, the ring structure of a steroid comprises three fused cyclohexyl rings 

and a fused cyclopentyl ring as shown in the formula: . In some 

embodiments, a steroid derivative comprises the ring structure above with one or more non

alkyl substitutions. In some embodiments, the steroid or steroid derivative is a sterol wherein 

the formula is further defined as: HO . In some embodiments of the present 

disclosure, the steroid or steroid derivative is a cholestane or cholestane derivative. In a 

.H 
H, 

cholestane, the ring structure is further defined by the formula: 

As described above, a cholestane derivative includes one or more non-alkyl substitution of 

the above ring system. In some embodiments, the cholestane or cholestane derivative is a 

cholestene or cholestene derivative. In some embodiments, the steroid or steroid derivative is 

a secosteroid or a secosteroid derivative. In some embodiments, the steroid or steroid 

derivative is a cardenolide or a cardenolide derivative. In some embodiments, the steroid or 

steroid derivative is a sapogenin or a sapogenin derivative. In some embodiments, the steroid 

or steroid derivative is a saponin or a saponin derivative. In some embodiments, the steroid or 

steroid derivative is an eicosanoid or an eicosanoid derivative. In some embodiments, the 
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steroid or steroid derivative is an alkaloid or an alkaloid derivative. In some embodiments, 

the steroid or steroid derivative is a sterol or a sterol derivative.  

[03231 A sterol useful in the compositions and methods described herein may be selected 

from, but are not limited to: cholesterol, fecosterol, sitosterol, ergosterol, campesterol, 

stigmasterol, brassicasterol, tomatidine, ursolic acid, and alpha-tocopherol.  

[0324] In some embodiments of the lipid components, the componentsmay further 

comprise a molar percentage of the steroid to the total lipid composition from about 40% to 

about 46%. In some embodiments, the molar percentage is from about 40%, 41%,42%, 43%, 

44%, 45%, to about 46% or any range derivable therein. In other embodiments, the molar 

percentage of the steroid relative to the total lipid composition is from about 15% to about 

40%. In some embodiments, the molar percentage is 15%, 16%, 18%, 20%, 22%, 24%, 26%, 

28%, 30%, 32%, 34%, 36%, 38%, or 40%, or any range derivable therein.  

[0325] In some embodiments, the lipid components comprise a steroid or steroid derivative 

at a molar percentage from about 15% to about 60%. In some embodiments, the lipid 

components comprise a steroid or steroid derivative at a molar percentage from about 15% to 

about 55%. In some embodiments, the lipid composition comprises a steroid or steroid 

derivative at a molar percentage from about 15% to about 50%. In some embodiments, the 

lipid components comprise a steroid or steroid derivative at a molar percentage from about 

15% to about 4 6 %. In some embodiments, the lipid components comprise a steroid or steroid 

derivative at a molar percentage from about 20% to about 40%. In some embodiments, the 

lipid components comprise a steroid or steroid derivative at a molar percentage from about 

25% to about 35%. In some embodiments, the lipid components comprise a steroid or steroid 

derivative at a molar percentage from about 30% to about 40%. In some embodiments, the 

lipid components comprise a steroid or steroid derivative at a molar percentage from about 

20% to about 30%. In some embodiments, the lipid components comprise a steroid or steroid 

derivative at a molar percentage of at least (about) 15%, of at least (about) 20%, of at least 

(about) 25%, of at least (about) 30%, of at least (about) 35%, of at least (about) 40%, of at 

least (about) 45%, or of at least (about) 46%. In some embodiments, the lipid components 

comprise a steroid or steroid derivative at a molar percentage of at most (about) 15%, of at 

most (about) 20%, of at most (about) 25%, of at most (about) 30%, of at most (about) 35%, 

of at most (about) 40%, of at most (about) 45%, or of at most (about) 46%.  

[0326] In some embodiments, a cationic lipid is a sterol amine. A sterol amine has, for its 

hydrophobic portion. a sterol, and for its hydrophilic portion, an amine group. The sterol 

portion is selected from, but not limited to, cholesterol, sitosterol, campesterol, stigmasterol 
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or derivatives thereof The amine group can comprise one to five primary, secondary, tertiary 

amines, or mixtures thereof At least one of the amines has a pKa of 8 or greater and is 

charged at physiological pH. The primary, secondary, or tertiary amines can be part of a 

larger amine containing functional group selected from, but not limited to -C(=N-)-N-, -C=C

N-, -C=N-, or -N-C(=N-)-N-. The amine group can be contained in a three to eight membered 

heteroalkyl or heteroaryl ring.  

E. Additional Lipids 

[0327] The lipid composition may include an additional anionic lipid, ionizable cationic 

lipid, or permanently cationic lipid. In some, the lipid nanoparticles are preferentially 

delivered to a target organ. In some embodiments. the target organ is lungs, a lung tissue or 

lung cells. "Preferentially delivered" means a composition is delivered to the target organ 

(e.g., lungs), tissue, or cell at least 25% (e.g., at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 

65%, 70%, or 75%) of the amount administered. An additional lipid can support selective 

delivery of the composition of the present disclosure to a particular organ. In some 

embodiments, the additional lipid can be a selective organ targeting (SORT) lipid. In some 

embodiments, SORT lipids can allow LNPs to be delivered into the target organ, tissue, or 

cells.  

[0328] SORT lipid refers to a lipid that when included in an LNP composition enables the 

LNPs to selectively and predictably target an organ, a cell type, or a tissue (for example, as 

described in Cheng et al. Nature 15:313-320 (2020): Wang et al. Nat. Protoc. 18():265-291; 

and U.S. Patent Publication No. US 2022/0071916 Al and US 2021/0259980 Al, the entire 

contents of which are incorporated herein for their entireties). For example, addition of a 

specific SORT lipid to LNPs may re-target the LNPs from liver to lungs. SORT lipids 

include, but are not limited to, permanently cationic lipids, anionic lipids, zwitterionic lipids, 

and ionizable cationic lipids. Without being bound by theory, anionic SORT lipids generally 

favor delivery to spleen, at least when administered intravenously; ionizable cationic SORT 

lipids generally favor delivery to liver; permanently cationic SORT lipids generally favor 

delivery to lungs; and zwitterionic SORT lipids favor delivery to spleen.  

[0329] In some embodiments, the additional lipid comprises a permanently positively 

charged moiety (i.e., is a permanently cationic lipid). The permanently positively charged 

moiety may be positively charged at a physiological pH such that the additional lipid (e.g., 

SORT lipid) comprises a positive charge upon delivery of a payload (e.g., polynucleotide) to 

a cell. In some embodiments the positively charged moiety is quaternary amine or quaternary 
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ammonium ion. In some embodiments, the additonal lipid (e.g. .SORT lipid)) comprises, or is 

otherwise complexed to or interacting with, a counterion.  

[0330] In some embodiments, the additional lipid is a permanently cationic lipid (i.e., 

comprising one or more hydrophobic components and a permanently cationic group). The 

permanently cationic lipid may contain a group which has a positive charge regardless of the 

pH. One permanently cationic group that may be used in the permanently cationic lipid is a 

quaternary ammonium group. The permanently cationic lipid may comprise a structural 

Y1  Y 

formula: 12 A (S-I), wherein: 

Yi .Y 2 . or Y 3 are each independently XiC(O)Ri or X2 NR3 R4 R; 

provided at least one ofY 1, Y 2. and Y 3 is X2NR3R4R5; 

Ri is C-C24 alkyl, C1 -C2 4 substituted alkyl, C1 -C 2 4 alkenyl, C1 -C 2 4 substituted 

alkenyl; 

Xi is O or NR, wherein Ra is hydrogen, C-C 4 alkyl, or C-C 4 substituted alkyl; 

X 2 is C1-C6 alkanediyl or C1-C6 substituted alkanediyl; 

R3, R4, and R5 are each independently C-C 24 alkyl, C-C 2 4 substituted alkyl, C-C 24 

alkenyl, Ci-C 2 4 substituted alkenyl; and 

A 1 is an anion with a charge equal to the number of X2N'R3R4R5 groups in the 

compound.  

[0331] In some embodiments, the permanently cationic additional lipid (e.g., SORT lipid) 

Rg +,R6 
IN,R A2 

has a structural formula: R8  7  (S-LI), wherein: 

R 6-R 9 are each independently C1 -C2 4 alkyl, C-C 2 4 substituted alkyl, C-C 24 alkenyl, 

Ci-C 2 4 substituted alkenyl; provided at least one of R6 -R9 is a group of Cs-C 2 4; and 

A2 is a monovalent anion.  

103321 In some embodiments, the permanently cationic lipids is 1,2-dilauroyl-sn-glycero-3

ethylphosphocholine (12:0 EPC), 1,2-dimyristoyl-sn-glycero-3-ethylphosphocholine (14:0 

EPC), 1,2-dipalmitoyl-sn-glycero-3-ethylphosphocholine (16:0 EPC), 1,2-distearoyl-sn

glycero-3-ethylphosphocholine (18:0 EPC), 12-dioleoyl-sn-glycero-3-ethylphosphocholine 

(18:1 EPC), 1-palmitovl-2-oleoyl-sn-glycero-3-ethylphosphocholine (16:0-18:0 EPC), 1.2

dimyristoleoyl-sn-glycero-3-ethylphosphocholine (14:1 EPC), 

dimethvldioctadecylammonium (18:0 DDAB), 1,2-dimyristoyl-3-trimethylammonium

propane(14:0 TAP), 1,2-dipalmitoyl-3-trimethylammonium-propane (16:0 TAP), 1,2
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stearoyl-3-trimethylammonium-propane (18:0 TAP), 1,2-dioleoyl-3-trimethylammonium

propane (18:1 TAP, DOTAP), or 1,2-di--octadecenyl-3-trimethylammonium propane 

(DOTMA).  

[0333] In some embodiments, the SORT lipid is an ionizable cationic lipid (i.e., comprising 

one or more hydrophobic components and an ionizable cationic group, e.g., a tertiary amino 

group). An ionizable cationic group may be positively charged at a physiological pH. One 

ionizable cationic group that may be used in the ionizable lipid is a tertiary ammine group. In 

some embodiments, the additional lipid (e.g., SORT lipid) has a structural formula: 

0 

RjA 0--O ' R3' 
01  0 1 

O R3 

R2 (S-I'a), wherein: 

R 1 and R 2 are each independently CS-C 2 4 alkyl, Cs-C 24 alkenyl, or a substituted 

version of either group; and 

R3 and R3' are each independently C 1-C6 alkyl or substituted C 1-C6 alkyl.  

[03341 In some embodiments of formula (S-I'a), R and R2 are each independently C-C24 

alkenyl (e.g., hexadecane, heptadecene, or octadecene). In some embodiments of formula (S

I'a), R3 and R3' are each independently C 1-C 6 alkyl (e.g., methyl or ethyl). In some 

embodiments of formula (S-I'a), R1 and R2 are each independently Cs-C 24 alkenyl, (e.g., 

hexadecane, heptadecene, or octadecene) and R3 and R3' are each independently C1-C alkyl 

(e.g. methyl or ethyl).  

[0335] In some embodiments, the ionizable cationic lipids is 1,2-distearoyl-3

dimethylammonium-propane (18:0 DAP), 1,2-dipalmitoyl-3-dimethylammonium-propane 

(16:0 DAP), 1,2-dimyristoyl-3-dimethylammonium-propane (14:0 DAP), 1,2-dioleoyl-3

dimethylammonium-propane (18:1 DAP, DODAP), or 1,2-dioleyloxv-3

dimethylaminopropane (DODMA).  

[0336] In some embodiments ofthe lipid compositions, the additional ionizable lipid or 

permanently cationic lipid comprises a head group of a particular structure. In some 

embodiments, the additional lipid (e.g., SORT lipid) comprises a headgroup having a 

structural formula: I-L-Z*, X-, wherein L is a linker; Z' is positively charged moiety and X- is 

a counterion. In some embodiment, the linker is a biodegradable linker. The biodegradable 

linker may be degradable under physiological pH and temperature. The biodegradable linker 
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may be degraded by proteins or enzymes from a subject. In some embodiments, the positively 

charged moiety is a quaternary ammonium ion or quaternary amine.  

[03371 In some embodiments, the SORT (additional ionizable lipid or permanently 

R 

0 L-Zy X

cationic) lipid has a structural formula: R2  , wherein R1 and R2 are each 

independently an optionally substituted C6 -C 2 4 alkyl, or an optionally substituted C-C24 

alkenyl.  

[0338] In some embodiments, the additional lipid (e.g., SORT lipid) has a structural 

R R 

0 L-N X

O R" R" 

formula: R2 

[03391 In some embodiments, the additional lipid (e.g., SORT lipid) comprises a Linker 

0 
o 

(L). In some embodiments, L is R , wherein: 

p and q are each independently 1, 2 or 3; and 

R 4 is an optionally substituted C 1-C6 alkyl.  

[0340] In some embodiments, the additional lipid (e.g., SORT lipid) has a structural 

R 0 x 

0 o R3 
R 0U 0  '~"R 3 ' 

formula: R2 (IA), wherein: 

R1 and R 2 are each independently C-C 2 4 alkyl, C8 -C 2 4 alkenyl, or a substituted 

version of either group; 

R 3, R3'. and R3" are each independently C 1-C alkyl or substituted C 1-C6 alkyl; 

R4 is C 1-C 6 alkyl or substituted C1-C6 alkyl; and 

X is a monovalent anion.  
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[0341] In some embodiments, the additional lipid (e.g., SORT lipid) is a 

phosphatidylcholine (e.g., 14:0 EPC). In some embodiments, the phosphatidylcholine 

R1  O O..k N 
O0 R3 

compound is further defined as: R2 (IA), wherein: 

R1 and R2 are each independently C8 -C2 4 alkyl, C8 -C 2 4 alkenyl, or a substituted version 

of either group; 

R 3, R3', and R3" are each independently C 1-C6 alkyl or substituted C 1-C6 alkyl; and 

X- is a monovalent anion.  

[0342] In some embodiments, the additional lipid (e.g., SORT lipid) is a phosphocholine 

lipid. In some embodiments, the additional lipid (e.g. SORT lipid) is an 

ethylphosphocholine. The ethylphosphocholine may be, by way of example, without being 

limited to, 1,2-dimyristoleoyl-sn-glycero-3-ethylphosphocholine (14:1 EPC), 1,2-dioleoyl-sn

glycero-3-ethylphosphocholine (18:1 EPC), 12-distearoyl-sn-glycero-3-ethylphosphocholine 

(18:0EPC), 1,2-dipalmitoyl-sn-glvcero-3-ethylphosphocholine(16:0EPC), 1,2-dimyristoyl

sn-glycero-3-ethylphosphocholine (14:0 EPC), 1,2-dilauroyl-sn-glycero-3

ethylphosphocholine (12:0 EPC), 1-palmitoyl-2-oleoyl-sn-gly cero-3-ethylphosphocholine 

(16:0-18:0 EPC).  

[0343] In some embodiments, the SORT lipid has a structural formula: 

O0 X 

0 0 R3 

R2 (S-I'), wherein: 

Ri and R2 are each independently C-C2 4 alkyl, Cs-C24 alkenyl, or a substituted 

version of either group; 

R3, R3', and R3" are each independently C 1-C alkyl or substituted C1-C alkyl; 

X- is a monovalent anion.  

[0344] By way of example, and Without being limited thereto, an additional lipid (e.g., 

SORT lipid) of the structural formula of the immediately preceding paragraph is 12-dioleoyl

3-trimethylammonium-propane (18:1 DOTAP) (e.g., chloride salt).  

120



WO 2024/123633 PCT/US2023/082205 

[0345] In some embodiments, the additional lipid (e.g., SORT lipid) has a structural 

x2 
R 4'"\ ,R4 

formula: R4"' 'R 4' (S-IL'), wherein: 

R4 and R4' are each independently alkyl(c6-c24), alkenyl(c6-c24), or a substituted version 

of either group; 

R 4 " is alkyl(c 24 ). alkenyl(c24), or a substituted version of either group; 

R 4 ' is alkyl(ci-cs), alkenyl(c2-cs), or a substituted version of either group; and 

X2 is a monovalent anion.  

[0346] By way of example, and without being limited thereto, an additional lipid (e.g., 

SORT lipid) of the structural formula of the immediately preceding paragraph is 

dimethyldioctadecylammonium (DDAB).  

[0347] In some embodiments, the additional lipid (e.g., SORT lipid) is 

1,2-dioleoyl-sn-glycero-3-phosphate (18:1 PA).  

[03481 In some embodiments of the lipid compositions, the additional lipid is selected from 

the lipids set forth in Table 6.  

Table 6. Example additonal lipid (e.g., SORT lipids) 

Lipid Name Structure 
1,2-dioleoyl-3
dimethylammonium-propane 
(18:1I DODAP) 

0 
1,2-dimyristoyl-3
trimethvlammonium-propane 0 
(14: 0TAP)x 

0 

1,2-dipalmitoyl-3
trimethylammonium-propane 
(16:0 TAP) 0X 

1,2-stearoyl-3
trimethylammonium-propane 

(18:01TAP) 0 
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I,2-dioleoyl-3- 0 
trimethylammonium-propane 0Nt 
(18:0 DOTAP) 

1,2-di-O-octadecenyl-3- t 
trimethylamnmonium propane 0 N~ 
(DOTMA) 
Dimethyldioctadecylamnmoniu 

x 
I,2-dileuoyl-sn-glycero-3- 00 
ethyiphosphocholine 0 
(12: 0EPC) 0 0 xe 

I,2-dmiioleoyl-sn-eo3 0 

ethyiphosphocholine P x, 
(14:10EPC) 0 0 

I,2e-diamt3- nglcro3 
ethylphosphocholine b 
(16:0EPC) 0 

I,2-distearoyl-sn-glycero-3- 00 
ethyiphosphocholine 6 
(18:.0EPC) I X 

I,2-dioleaoyl-sn-glycero-3 - OP N, ethyiphosphocholine -0 05 0eC 
(18:1 EPC)0 

glvioeys-lcero-3- 0a ~ 
ethyiphosphocholine 0 (5 0'-- X 
(16:0-18EPC) 
1,-daliOy-oeenl-3-N 

tiethylammoniumpropane O 
(1861D-TMA) xP 
I,2-di-ool-s-glcerol-3

phosphate (18:1 PA) 
oH 

I.2-distearoyl-sn-glycero-3-0 
phosphate (18:0 PA) - > -- '' - Y i O 
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1,2-dipalmitoyl-sn-glycero-3- 0N2 
phosphate (16:0 PA) oNo.  

N A. ."~NAN N> NN.A
0 H G 

1,2-dimyristoyl-sn-glycero-3

phosphate (14:0 PA) ^ ^P a 

1.2-dilauroyl-sn-glycero-3- O 

phosphate (12:0 PA) O O OH 
.. OH 0) 

X-is a counterion (e.g., Cl-, Br- etc.) 

[0349] In some embodiments, the lipid component comprises the additonal lipid (e.g 

SORT lipid) at a molar percentage from about 20% to about 65%. In some embodiments, the 

lipid component comprises the additonal lipid (e.g., SORT lipid) at a molar percentage from 

about 25% to about 60%. In some, the lipid component comprises the additonal lipid (e.g., 

SORT lipid) at a molar percentage from about 30% to about 55%. In some embodiments, the 

lipid component comprises the additonal lipid (e.g., SORT lipid) at a molar percentage from 

about 20% to about 50%. In some embodiments, the lipid component comprises the additonal 

lipid (e.g., SORT lipid) at a molar percentage from about 30% to about 60%. In some 

embodiments, the lipid component comprises the additonal lipid (e.g., SORT lipid) at a molar 

percentage from about 25% to about 60%. In some embodiments, the lipid component 

comprises the additonal lipid (e.g., SORT lipid) at a molar percentage of at least (about) 25%, 

at least (about) 30%, at least (about) 35%, at least (about) 40%, at least (about) 45%, at least 

(about) 50%, at least (about) 55%, at least (about) 60%, or at least (about) 65%. In some 

embodiments, the lipid component comprises the additonal lipid (e.g., SORT lipid) at a molar 

percentage of at most (about) 25%, at most (about) 30%, at most (about) 35%, at most 

(about) 40%, at least (about) 45%, at most (about) 50%, at most (about) 55%, at most (about) 

60%, or at most (about) 65%. In some embodiments, the lipid component comprises the 

additonal lipid (e.g., SORT lipid) at a molar percentage of about 20%, 25%, 30%, 35%, 40%, 

45%, 50%, 55%, 60%, or 65%, or of a range between (inclusive) any two of the foregoing 

values.  

[0350] Non-limiting illustrative LNP compositions are provided in Table 7.  
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Table 7. Non-limiting illustrative LNP compositions 

Dendrimer 
SORT Lipid:RNA 
Helper Mol% Wt% (wt/ 
Chol wt) 
PEG 

4A3-SC7 19.05 34.33 

DODAP 20 16.54 

DOPE 19.05 18.1 40 

Chol 38.09 18.81 

DMG-PEG 3.81 12.21 

5A2-SC8 23.81 51.83 

DOPE 23.81 17.75 
40 

Chol 47.62 18.45 

DMG-PEG 4.76 11.97 

5A2-SC8 11.9 30.5 
DOTAP 50 41.15 

DOPE 11.9 10.45 40 

Chol 23.82 10.86 

DMG-PEG 2.38 7.05 

5A2-SC8 19.05 44.59 

DODAP 20 15.27 

DOPE 19.05 15.87 40 

Chol 38.09 10.3 
DMG-PEG 3.81 13.96 

4A3-SC7 19.05 33.53 

14:0 EPC 20 18.5 

DOPE 19.05 17.68 30 
Chol 38.09 18.37 

DMG-PEG 3.81 11.92 

4A3-SC7 19.05 34.85 

14:0 TAP 20 15.28 
DOPE 19.05 18.38 30 

Chol 38.09 19.1 

DMG-PEG 3.81 12.39 

5A2-SC8 22.62 49.93 

18:1 PA 5 3.67 
DOPE 22.62 17.1 40 

Chol 45.24 17.77 
DMG-PEG 4.52 11.52 

5A2-SC8 14.29 37.19 

14:0 TAP 40 28.25 40 

DOPE 14.29 12.74 
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Chol 28.57 13.23 
DMG-PEG 2.86 8.6 

F. Payload 

[0351] Payload can encompass bioactive molecules, including small molecules, 

biomolecules, nucleic acids (e.g., DNA, RNA, siRNA, shRNA), proteins, or peptides that are 

part of the LNP composition. The payload can be attached to the LNP through covalent or 

non-covalent bonds, enclosed within the LNP, linked to the LNP, or combined with the LNP 

within the LNP composition. In some embodiments, the LNP comprises a payload. In some 

embodiments, the payload includes a polynucleotide, a protein, or an antibody. In some 

embodiments, the payload includes a polynucleotide, wherein the polynucleotide is mRNA.  

[0352] In some embodiments, the mRNA molecule is greater than 2000 nucleotides, greater 

than 2500 nucleotides, greater than 3000 nucleotides, greater than 3500 nucleotides, greater 

than 4000 nucleotides, greater than 4500 nucleotides, or greater than 5000 nucleotides in 

length. In some embodiments, the mRNA molecule is about 2000 nucleotides in length. In 

some embodiments, the mRNA molecule is about 2500 nucleotides in length. In some 

embodiments, the mRNA molecule is about 3000 nucleotides in length. In some 

embodiments, the mRNA molecule is about 3500 nucleotides in length. In some 

embodiments, the mRNA molecule is about 4000 nucleotides in length. In some 

embodiments, the mRNA molecule is about 4500 nucleotides in length. In some 

embodiments, the mRNA molecule is about 5000 nucleotides in length.  

[0353] In some embodiments, the polynucleotide is from 2000 nucleotides to 5000 

nucleotides in length. In some embodiments, the polynucleotide is from 2500 to 5000 

nucleotides in length. In some embodiments, the polynucleotide is from 3000 to 5000 

nucleotides in length. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length. In some embodiments, the polynucleotide is from 4000 to 5000 

nucleotides in length. In some embodiments, the polynucleotide is from 4500 to 5000 

nucleotides in length.  

[03541 In some embodiments, the polynucleotide has a concentration of 0.5-3.0 mg/mL, 

1.0-3.0mg/mL,or2.0-3.0mg/mL of 1.0 mg/mL. In some embodiments, the polynucleotide 

has a concentration of 0.5 mg/mL, 0.6 mg/mL, 0.7 mg/mL, 0.8 mg/mL, 0.9 mg/mL, 1.0 

mg/mL, 1.1 mg/mL, 1.2 mg/mL, 1.3 mg/mL, 1.4 mg/mL, or 1.5 mg/mL. In some 

embodiments, the polynucleotide has a concentration of 1.0 mg/mL.  
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[0355] In some embodiments, the polynucleotide is from 2000 to 5000 nucleotides in 

length and at a concentration of 1.0 mg/mL. In some embodiments, the polynucleotide is 

from 2500 to 5000 nucleotides in length and at a concentration of 1.0 mg/mL. In some 

embodiments, the polynucleotide is from 3000 to 5000 nucleotides in length and at a 

concentration of 1.0 mg/mL. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length and at a concentration of 1.0 mg/mL. In some embodiments, the 

polynucleotide is from 4000 to 5000 nucleotides in length and at a concentration of 1.0 

mg/mL. In some embodiments, the polynucleotide is from 4500 to 5000 nucleotides in length 

and at a concentration of 1.0 mg/mL.  

[0356] In some embodiments, the polynucleotide is from 2000 to 5000 nucleotides in 

length and at a concentration of 0.9 mg/mL. In some embodiments, the polynucleotide is 

from 2500 to 5000 nucleotides in length and at a concentration of 0.9 mg/mL. In some 

embodiments, the polynucleotide is from 3000 to 5000 nucleotides in length and at a 

concentration of 0.9 mg/mL. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length and at a concentration of 0.9 mg/mL. In some embodiments, the 

polynucleotide is from 4000 to 5000 nucleotides in length and at a concentration of 0.9 

mg/mL. In some embodiments, the polynucleotide is from 4500 to 5000 nucleotides in length 

and at a concentration of 0.9 mg/mL.  

[0357] In some embodiments, the polynucleotide is from 2000 to 5000 nucleotides in 

length and at a concentration of 0.8 mg/mL. In some embodiments, the polynucleotide is 

from 2500 to 5000 nucleotides in length and at a concentration of 0.8 mg/mL. In some 

embodiments, the polynucleotide is from 3000 to 5000 nucleotides in length and at a 

concentration of 0.8 mg/mL. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length and at a concentration of 0.8 mg/mL. In some embodiments, the 

polynucleotide is from 4000 to 5000 nucleotides in length and at a concentration of 0.8 

mg/mL. In some embodiments, the polynucleotide is from 4500 to 5000 nucleotides in length 

and at a concentration of 0.8 mg/mL.  

[0358] In some embodiments, the polynucleotide is from 2000 to 5000 nucleotides in 

length and at a concentration of 0.7 mg/mL. In some embodiments, the polynucleotide is 

from 2500 to 5000 nucleotides in length and at a concentration of 0.7 mg/mL. In some 

embodiments, the polynucleotide is from 3000 to 5000 nucleotides in length and at a 

concentration of 0.7 mg/mL. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length and at a concentration of 0.7 mg/mL. In some embodiments, the 

polynucleotide is from 4000 to 5000 nucleotides in length and at a concentration of 0.7 
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mg/mL. In some embodiments, the polynucleotide is from 4500 to 5000 nucleotides in length 

and at a concentration of 0.7 mg/mL.  

[0359] In some embodiments, the polynucleotide is from 2000 to 5000 nucleotides in 

length and at a concentration of 0.6 mg/mL. In some embodiments, the polynucleotide is 

from 2500 to 5000 nucleotides in length and at a concentration of 0.6 mg/mL. In some 

embodiments, the polynucleotide is from 3000 to 5000 nucleotides in length and at a 

concentration of 0.6 mg/mL. In some embodiments, the polynucleotide is from 3500 to 5000 

nucleotides in length and at a concentration of 0.6 mg/mL. In some embodiments, the 

polynucleotide is from 4000 to 5000 nucleotides in length and at a concentration of 0.6 

mg/mL. In some embodiments, the polynucleotide is from 4500 to 5000 nucleotides in length 

and at a concentration of 0.6 mg/mL.  

[0360] In some embodiments, the mRNA encodes dynein axonemal intermediate chain 1 

(DNAII) protein. In other embodiments, the mRNA encodes cystic fibrosis transmembrane 

conductance regulator (CFTR).  

[0361] In some embodiments, the mRNA comprises a polynucleotide sequence of SEQ ID 

NO: 1. In some embodiments. the mRNA encoding the CFTR protein comprises a 

polynucleotide sequence at least 80% identical to SEQ ID NO: 1. In some embodiments, the 

mRNA encoding the CFTR protein comprises a polynucleotide sequence at least 85% 

identical to SEQ ID NO: 1. In some embodiments, the mRNA encoding the CFTR protein 

comprises a polynucleotide sequence at least 90% identical to SEQ ID NO: 1. In some 

embodiments, the mRNA encoding the CFTR protein comprises a polynucleotide sequence at 

least 95% identical to SEQ ID NO: 1. In some embodiments, the mRNA encoding the CFTR 

protein comprises a polynucleotide sequence at least 99% identical to SEQ ID NO: 1. In 

some embodiments, the mRNA encoding the CFTR protein comprises a polynucleotide 

sequence identical to SEQ ID NO: 1.  

[0362] In some embodiments, the mRNA comprises the sequence of SEQ ID NO: 4. In 

some embodiments, the mRNA encoding the DNAIl protein comprises a polynucleotide 

sequence at least 80% identical to SEQ ID NO: 4. In some embodiments, the mRNA 

encoding the DNAIl protein comprises a polynucleotide sequence at least 85% identical to 

SEQ ID NO: 4. In some embodiments, the mRNA encoding the DNAIl protein comprises a 

polynucleotide sequence at least 90% identical to SEQ ID NO: 4. In some embodiments, the 

mRNA encoding the DNAIl protein comprises a polynucleotide sequence at least 95% 

identical to SEQ ID NO: 4. In some embodiments, the mRNA encoding the DNAIl protein 

comprises a polynucleotide sequence at least 9 9 % identical to SEQ ID NO: 4. In some 
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embodiments, the mRNA encoding the DNAIl protein comprises a polynucleotide sequence 

identical to SEQ ID NO: 4.  

[03631 In some embodiments, the payload has an average molecular weight of up to 

20,000,000 Da. In some embodiments, the payload can have an average molecular weight of 

up to 2,000,000 Da. In some embodiments, the payload may have an average molecular 

weight of up to 150,000 Da. In further implementations, the payload has an average 

molecular weight of up to 15,000 Da, 5.000 Da or 1,000 Da.  

[0364] In one aspect, the present disclosure provides a lipid nanoparticle (LNP) 

composition, comprising an LNP, wherein the LNP comprises 1,2-dioleoyl-3

dimethylammonium propane (DODAP) at a molar percentage less then 25% or less then 

20%; cholesterol at a molar percentage greater than 40%; and/or messenger RNA (mRNA) at 

a lipid:nRNA ratio less than 40:1.  

[0365] In another aspect, the present disclosure provides a lipid nanoparticle (LNP) 

composition, comprising an LNP, wherein the LNP specifically transduces secretory cells 

and/or ionocytes; and/or the LNP delivers mRNA to lung cells in an amount effective to 

increase expression and/or function of a polypeptide or polynucleotide encoded by the 

mRNA.  

[0366] In some embodiments, the LNP specifically transduces secretory cells and/or 

ionocytes; and/or wherein the LNP delivers mRNA to lung cells in an amount effective to 

increase expression and/or function of a polypeptide or polynucleotide encoded by the 

mRNA.  

[0367] In some embodiments, the LNP comprises an ionizable cationic lipid; a neutral 

phospholipid; a polyethylene-glycol (PEG)-lipid; and/or a/the cholesterol. In some 

embodiments, the LNP comprises a second ionizable cationic lipid. In some embodiments.  

the LNP comprises an anionic lipid. In some embodiments, the LNP comprises a permanently 

cationic lipid.  

[0368] In some embodiments, the LNP comprises DODAP at a molar percentage less than 

25% or less then 20%. In some embodiments, the LNP comprises a DODAP at a molar 

percentage of less than 5%, less than 10%, less than 15% less than 16%, than 17%, than 

18%, than 19%, than 20%, than 21%, than 22%, than 22%, than 23%, than 24% or of less 

than 25%.  

[0369] In some embodiments, the LNP comprises DODAP at a molar percentage between 

5% and 25%. between 7.5% and 25%, between 10% and 25%, between 15% and 25 %, 

between 20% and 25%, between 5% and 20%, between 7.5% and 20%, between 10% and 
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20%, between 15% and 20%, between 5% and 15%, between 7.5% and 15%, between 10% 

and 15% between 5% and 10%,or between 7.5% and 10%.  

[03701 In some embodiments, the LNP comprises DODAP at a molar percentage between 

1 7 .5% and 20%, between 1 7 .5% and 22.5%, between 17.5% and 25%, between 5% and 

17.5%, between 7.5% and 17.5%, between 10% and 17.5% between 12.5% and 17.5% or 

between 15% and 17.5%.  

103711 In some embodiments, the LNP comprises DODAP at a molar percentage of 16%.  

[0372] In some embodiments, the LNP comprises cholesterol at a molar percentage greater 

than 40%, greater than 45%, greater than 50%, greater than 55%, greater than 60%, greater 

than 65%, greater than 70%, greater than 75%, greater than 80%, greater than 85%, greater 

than 90%, greater than 95% or greater than 99%.  

[03731 In some embodiments, the LNP comprises cholesterol at a molar percentage 

between 40% and 60%, between 45% and 60%, between 50% and 60%, between 55% and 

6 0% , between 40% and 55%, between 40% and 50%, between 40% and 45%, between 45% 

and 55% between 45% and 50% or between 50% and 55%. In some embodiments, the LNP 

comprises cholesterol at a molar percentage of 50%.  

Table 8. Exemplary fomulations 

Ionizable SORT Helper Sterol PEGylated Lipid:RNA 
Lipid Lipid Lipid lipid ratio 
4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 20:1-40:1 
13%-15% 15%-25% 10%-25% 40%-60% 2%-6% 

2 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 25:1-40:1 
13.5%-15% 15%-25% 10%-25% 40%-55% 2%-4% 

4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 30:1-40:1 
14%-15% 10%-20% 15%-25% 40%-50% 2.5%-3% 

4A3-SC8 DODAP DOPE Cholesterol DMG-PEG 30:1-40:1 

4 14%-15% 15%-20% 15%-25% 40%-45% 2%-3% 

5 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 30:1-40:1 
14.5%-15% 7.5%-17.5% 15%-25% 40%-45% 2.5%-3% 

6 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 35:1-40:1 
14.5%-15% 10%-17.5% 20%-25% 40%-50% 2%-3% 

4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 35:1-40:1 
7 14%-15% 12.5%- 20%-25% 40%-50% 2.5%-3% 

17.5% 

8 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 35:1-40:1 
14.5%-15% 15%-17.5% 20%-25% 40%-45% 2%-3% 
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9 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 20:1-35:1 
13%-14.5% 20%-25% 10%-20% 45%-60% 2.5%-3.5% 

10 4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 25:1-35:1 
13.5%-14.5% 20%-25% 10%-20% 50%-60% 3%-3.5% 

4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 25:1-30:0 
11 13%-14% 17.5%- 10%-20% 45%-50% 2.5%-3.5% 

22.5% 
4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 20:0-30:0 

12 13.5%-14% 17.5%- 10%- 45%-50% 3%-3.5% 
22.5% 12.5% 

4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 20:0-30:0 
13 13.5%-14% 17.5%-25% 10%- 50%-60% 2.5%-3.5% 

12.5% 
4A3-SC7 DODAP DOPE Cholesterol DMG-PEG 20:1-35:1 

14 13%-14% 17.5%-25% 10%- 45%-60% 3%-4% 

12.5% 

15 5A2-SC8 DODAP DOPE Cholesterol DMG-PEG 25:1-40:1 
13%-15% 15%-25% 10%-25% 40%-60% 2%-6% 

16 5A2-SC8 DODAP DOPE Cholesterol DMG-PEG 25:1-40:1 
13.5%-15% 15%-25% 10%-25% 40%-55% 2%-4% 

1 4A3-SC7 DODAP DOPE Sitosterol DMG-PEG 25:1-40:1 
13.5%-15% 15%-25% 10%-25% 40%-60% 2%-4% 

18 4A3-SC7 DOTMA DOPE Cholesterol DMG-PEG 20:1-40:1 
13%-15% 15%-25% 10%-25% 40%-60% 2%-6% 

19 5A2-SC8 DOTMA DOPE Cholesterol DMG-PEG 25:1-40:1 
13.5%-15% 15%-25% 10%-25% 40%-55% 2%-4% 

20 4A3-SC7 DODAP DSPC Cholesterol DMG-PEG 25:1-40:1 
13%-15% 15%-25% 10%-25% 40%-60% 2%-6% 

21 5A2-SC8 DODAP DSPC Cholesterol DMG-PEG 20:1-40:1 
13.5%-15% 15%-25%c 10%-25% 40%-55% 2%-4% 

4A3-SC7 DODAP DSPC Cholesterol DMG- 20:1-40:1 
22 PEG2000 

13.5%-15% 15%-25% 10%-25% 40%-55% 2%-4% 

4A3-SC7 14:0 TAP DOPE Cholesterol DMG- 20:1-40:1 
23 PEG2000 

13%-15% 15%-25% 10%-25% 40%-60% 2%-4% 
5A2-SC8 14:0 EPC DOPE Sitosterol DMG- 20:1-40:1 

24 PEG2000 

13%-15% 15%-25% 10%-25% 40%-60% 2%-6% 

5A2-SC8 DOTMA DOPE Sitosterol DMG- 20:1-40:1 
25 PEG2000 

13%-15% 15%-25% 10%-25% 40%-55% 2%-6% 

[0374] In some embodiments, the LNP comprises messenger RNA (mRNA).  

[0375] In some embodiments, the LNP comprises mRNA at a lipid:mRNA ratio less than 

40:1.  
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[0376] In some embodiments, the lipid:mRNA ratio is between 20:1 and 40:1, between 

25:1 and 40:1, between 30:1 and 40:1. between 35:1 and 40:1, between 20:1 and 35:1, 

between 25:1 and 35:1, between 30:1 and 35:1, between 20:1 and 30:1, between 25:1 and 

30:1, between 20:1 and 25:1, between 25:1 and 30:1, between 25:1 and 35:1, between 20:1 

and 36:1, or between 25:1 and 36:1.  

[0377] In some embodiments, the lipid:mRNA ratio is 36:1.  

103781 In some embodiments, the lipid:mRNA ratio is 25:1.  

[0379] In some embodiments, the ionizable cationic lipid is 5A2-SC8 or 4A3-SC7: the 

neutral phospholipid is 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) or 1,2

distearoyl-sn-glycero-3-phosphocholine (DSPC); and/or the polyethylene-glycol (PEG)-lipid 

is DMG-PEG, optionally DMG-PEG2000. In some embodiments, the ionizable cationic lipid 

is 4A3-SC7; the neutral phospholipid is DOPE; and the polethylene-glycol (PEG)-lipid is 

DMG-PEG.  

[0380] In some embodiments, the LNP comprises a second cationic lipid, and the second 

cationic lipid is DODAP.  

[03811 In some embodiments, the LNP comprises a second cationic lipid, and the second 

cationic lipid is 1,2-di-O-octadecenyl-3-trimethylammonium propane (DOTMA).  

[0382] In some embodiments, the ionizable cationic lipid is 4A3-SC7, and the LNP 

comprises 4A3-SC7 at a molar percentage between 13% and 15%, between 1 3 .5% and 15%, 

between 14% and 15%, between 14.5 and 15%, between 13% and 1 4 .5%, between 1 3 .5% and 

14.5%, between 14% and 14.5%, between 13% and 14%, between 13.5% and 14% or 

between 13% and 13.5%.  

[0383] In some embodiments, the LNP comprises PEG-lipid at a molar percentage between 

2% and 8%, between 4% and 8%, between 6% and 8%, between 2% and 6%. between 4% 

and 6%, between 2% and 4%, between 2% and 3%, between 3% and 4%, between 2 .5 % and 

3.5%, between 2.5% and 3% or between 3% and 3.5%.  

[0384] In some embodiments, the PEG-lipid at a molar percentage of (about) 3%.  

[0385] In some embodiments, the LNP comprises a neutral phospholipid and the neutral 

phospholipid is DOPE.  

[0386] In some embodiments, the LNP comprises DOPE at a molar percentage between 

10% and 25%, between 10% and 20%, between 10% and 15%, between 10% and 12.5%, 

between 15% and 25, between 15% and 20% or between 20% and 25 %.  

[0387] In some embodiments, the LNP comprises DOPE at a molar percentage of 11% or 

22%.  

131



WO 2024/123633 PCT/US2023/082205 

[0388] In some embodiments, the LNP comprises a payload.  

[03891 In some embodiments, the payload is a messenger RNA (mRNA).  

[03901 In some embodiments, the mRNA comprises between 100 bases and 8 kilobases 

(kb).  

[0391] In some embodiments, the mRNAcomprises between 1 lkb and 8 kb, between 2 kb 

and 8 kb, between 3 kb and 8 kb, between 4 kb and 8 kb, between 5 kb and 8 kb, between 6 

kb and 8 kb, between 7 kb and 8 kb, between I kb and 7 kb, between 2 kb and 7 kb, between 

3 kb and 7 kb, between 4 kb and 7 kb, between 5 kb and 7 kb, or between 6 kb and 7 kb, 

between I kb and 6 kb, between 2 kb and 6 kb, between 3 kb and 6 kb, between 4 kb and 6 

kb, or between 5 kb and 6 kb.  

[03921 In some embodiments, the mRNA comprises (about) 2 kb.  

[03931 In some embodiments, the mRNA comprises (about) 4.6 kb.  

[0394] In some embodiments, the mRNA encodes a cystic fibrosis transmembrane 

conductance regulator (CFTR) protein.  

[0395] In some embodiments, the mRNA encodes a dynein axonemal intermediate chain 1 

(DNAII) protein.  

[0396] In some embodiments, the mRNA encodes a gene-editing system or components 

thereof 

[0397] In some embodiments, the mRNA encodes an shRNA or a microRNA.  

[03981 In some embodiments, the LNP composition is a pharmaceutical composition.  

[0399] In some embodiments, the LNP composition is an aerosolized composition.  

[0400] In some embodiments, the LNP composition has an encapsulation efficiency of 

between 50% and 99%, between 60% and 99%, between 70% and 99%, between 80% and 

99%, between 90% and 99%, between 95% and 99%, between 50% and 95%, between 60% 

and 95%, between 70% and 95%, between 8 0 % and 95%. between 85% and 95%, or between 

90% and 95%.  

[0401] In some embodiments, the LNP is compsosition is substantively free of any anionic 

lipid, of any permanently cationic lipid, or of any anionic lipid and any any permanently 

cationic lipid. In some embodiments, the LNP is compsosition is substantively free of any 

ionizable cationic lipid.  

1. Gene Editing Payload 

[0402] The LNPs of the present disclosure can comprise one or more components for gene 

editing, such as, but not limited to, a guide RNA, a tracr RNA, a sgRNA, an mRNA encoding 
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a gene or base editing protein, a zinc-finger nuclease (ZFN), a transcription activator-like 

effector nuclease (TALEN), a clustered regularly interspaced short palindromic repeats 

(CRISPR) nuclease (e.g., Cas9), a DNA template for gene editing, or a combination thereof 

In some embodiments, the payload of the LNPs can be suitable for a genome editing 

technique. In some embodiments, the genome editing technique can be CRISPR or TALEN.  

In some embodiments, the LNPs can comprise one or more mRNAs, which can encode a 

gene editing or base editing protein. In some embodiments, the LNPs can comprises both a 

gene- or base-editing protein encoding mRNA and one or more guide RNAs. In some 

embodiments, the LNPs can comprise at least one nucleic acid suitable for a genome editing 

technique, such as a CRISPR RNA (crRNA), a trans-activating crRNA (tracrRNA), a guide 

RNA (gRNA), and a DNA repair template. In some embodiments, CRISPR nucleases can 

have altered activity, for example, modifying the nuclease so that it can be a nickase instead 

of making double-strand cuts or so that it can bind the sequence specified by the guide RNA 

but has no enzymatic activity. In some embodiments, the base editing protein can be a fusion 

protein comprising a deaminase domain and a sequence-specific DNA binding domain, such 

as an inactive CRISPR nuclease.  

(a) Gene Editing Methods 

[0403] The presently described LNPs or pharmaceutical composition can comprise a 

payload of any conventional gene editing methods. In some embodiments, gene editing 

components can be selectively delivered to the cells of target organ. In some embodiments, 

the target organ can be lungs. In some embodiments, the cells of target organ can be lung 

cells. In some embodiments, the cells can be ciliated cells, goblet cells, secretory cells, club 

cells, basal cells or ionocytes.  

[04041 In some embodiments, the gene editing can be targeted editing. Targeted editing 

can be achieved either through a nuclease-independent approach or through a nuclease

dependent approach.  

[0405] The nuclease-independent targeted editing, such as base-editing and/or prime 

editing. can involve precise modifications to DNA sequences without creating double-strand 

breaks. Homologous recombination can be guided by homologous sequences flanking an 

exogenous polynucleotide to be introduced into an endogenous sequence through the 

enzymatic machinery of the cells of target organ.  

[0406] Base editing can allow for the conversion of one DNA base pair into another at a 

specific target site. In some embodiments, the nuclease can be a fusion of a deaminase 
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enzyme to a modified Cas9 protein (dCas9) or other engineered Cas variants. In some 

embodiments, base editing can change C (cytosine) to T (thymine) or A (adenine) to G 

(guanine) in the endogenous DNA. A guide RNA can be designed to target the specific 

genomic location of interest in the cells of target organ.  

[0407] Prime editing can allow for more complex and precise DNA modifications, 

including insertions, deletions, and all 12 possible base-to-base conversions (A, C, G, T) 

without double-strand breaks. A prime editing guide RNA. which can consist of a guide 

sequence and a template for the desired edit, can be designed. The prime editor protein 

(PE2), which can combine a reverse transcriptase and a Cas9 variant, can be guided to the 

target site by the prime editing guide RNA. The Cas9 variant can generate a single-strand 

break (nick) in the DNA. The reverse transcriptase then can use the prime editing guide 

RNA's template sequence to copy the desired changes into the nicked strand of DNA.  

Subsequently, the cellular repair machinery of the cells of target organ can repair the nick, 

incorporating the edited sequence, via homology-directed repair (HDR).  

[0408] The nuclease-dependent approach can achieve targeted editing with higher 

frequency through the specific introduction of double strand breaks (DSBs) by specific rare

cutting nucleases (e.g., endonucleases). Such nuclease-dependent targeted editing can also 

utilize DNA repair mechanisms, for example, non-homologous end joining (NHEJ), which 

can occur in response to DSBs. In some embodiments, DNA repair by NHEJ can lead to 

random insertions or deletions (indels) of a small number of endogenous nucleotides. In 

contrast to NHEJ mediated repair, repair can also occur by a homology directed repair 

(HDR). When a donor template containing exogenous genetic material flanked by a pair of 

homology arms is present, the exogenous genetic material can be introduced into the genome 

by HDR, which can result in targeted integration of the exogenous genetic material. In some 

embodiments, a nuclease of the nuclease-dependent targeted editing can include, but not 

limited to, CRISPR-Cas9, CRISPR-Cas12 (Cpfl), CRISPR-Cas13, C2c2, C2c6, NgAgo, 

and/or TALEN.  

[0409] Methods of using CRISPR-Cas gene editing technology to create agenomic 

deletion in a cell (e.g., to knock out a gene in a cell) are well-known techniques. See for 

example, Bauer et al., J Vis Exp. 95:e52118 (2015). Available endonucleases capable of 

introducing specific and targeted DSBs can include, but not limited to, ZFN, TALEN, and 

CRISPR/Cas9.  

[0410] In some embodiments, targeted gene editing can be achieved via dual integrase 

cassette exchange (DICE) system utilizing phiC31 and Bxbl integrases.  
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(i)_CRISPR-Cas9 Gene EditingSym 

[04111 The CRISPR-Cas9 system is anaturally occurring defense mechanism in 

prokaryotes that has been repurposed as an RNA-guided DNA-targeting platform used for 

gene editing. It can rely on the DNA nuclease Cas9, and two noncoding RNAs, crisprRNA 

(crRNA) and transactivating RNA (tracrRNA), to target the cleavage of DNA. CRISPR is a 

family of DNA sequences found in the genomes of bacteria and archaea that contain 

fragments of DNA (spacer DNA) with similarity to foreign DNA previously exposed to the 

cell, for example, by viruses that have infected or attacked the prokaryote. These fragments 

of DNA can be used by the prokaryote to detect and destroy similar foreign DNA upon re

introduction, for example, from similar viruses during subsequent attacks. Transcription of 

the CRISPR locus can result in the formation of an RNA molecule comprising the spacer 

sequence, which can associate with and target Cas (CRISPR-associated) proteins able to 

recognize and cut the foreign, exogenous DNA. Numerous types and classes of CRISPR/Cas 

systems have been described in e.g., Koonin et al., Curr Opin Microbiol 37:67-78 (2017).  

[04121 crRNA can drive sequence recognition and specificity of the CRISPR-Cas9 

complex through Watson-Crick base pairing typically with about 20 nucleotide sequence in 

the target DNA. Changing the sequence of the 5' 20 nucleotides in the crRNA can allow 

targeting of the CRISPR-Cas9 complex to specific loci. The CRISPR-Cas9 complex can 

only bind DNA sequences that contain a sequence match to the first 20 nucleotides of the 

crRNA. if the target sequence is followed by a specific short DNA motif (with the sequence 

NGG) referred to as a protospacer adjacent motif (PAM).  

[0413] tracrRNA can hybridize with the 3' end of crRNA to form an RNA-duplex structure 

that can be bound by the Cas9 endonuclease to form the catalytically active CRISPR-Cas9 

complex, which can then cleave the target DNA.  

[0414] Once the CRISPR-Cas9 complex is bound to DNA at a target site, two independent 

nuclease domains within the Cas9 enzyme each cleave one of the DNA strands upstream of 

the PAM site, leaving a double-strand break (DSB) where both strands of the DNA terminate 

in a base pair (a blunt end).  

[0415] After binding of CRISPR-Cas9 complex to DNA at a specific target site and 

formation of the site-specific DSB, cells can use two main DNA repair pathways to repair the 

DSB: non-homologous end joining (NHEJ) and homology-directed repair (HDR). NHEJ is a 

repair mechanism that is highly active in the majority of cell types, including non-dividing 

cells. NHEJ can be error-prone and can often result in the removal or addition of between 
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one and several hundred nucleotides at the site of the DSB, though such modifications can 

typically be less than 20 nucleotides. The resulting insertions and deletions (indels) can 

disrupt coding or noncoding regions of genes. Alternatively, HDR can use a long stretch of 

homologous donor DNA, provided endogenously or exogenously, to repair the DSB with 

high fidelity. HDR is active only in dividing cells and can occur at a relatively low frequency 

in most cell types.  

CRISPR Endonuclease 

[0416] In some embodiments, Cas9 endonuclease can be used in a CRISPR method for 

genetically engineering cells of the target organ of the LNPs described herein. In some 

embodiments, Cas9 enzyme can be from Streptococcus pyogenes, although other Cas9 

homologs can also be used. In some embodiments, the Cas9 enzyme can be wild-type Cas9.  

In some embodiments, the Cas9 enzyme can be a modified version of Cas9 (e.g., evolved 

versions of Cas9, or Cas9 orthologues or variants). In some embodiments, Cas9 can be 

substituted with another RNA-guided endonuclease, such as Cpfl (class II CRISPR/Cas 

system).  

[0417] In some embodiments, the CRISPR/Cas system can comprise components derived 

from a Type-I, Type-II, or Type-III system. In some embodiments, the CRISPR/Cas system 

can comprise components derived from Class 1 and Class 2 CRISPR/Cas systems, having 

Types I to V or Types II. V, and VI, respectively (Makarova et al., Nat RevMicrobiol 

13(11):722-36 (2015); Shmakov et al., Mol Cell 60:385-397 (2015)).  

[0418] Class 2 CRISPR/Cas systems can have single protein effectors. Cas proteins of 

Types II, V, and VI can be single-protein, RNA-guided endonucleases, herein called Class 2 

Cas nucleases. Class 2 Cas nucleases can include, for example. but not limited to, Cas9, 

Cpfl, C2cl, C2c2, and C2c3 proteins. The Cpfl nuclease is homologous to Cas9 and 

contains a RuvC-like nuclease domain.  

[0419] In some embodiments, the Cas nuclease can be from a Type-II CRISPR/Cas system 

(e.g., a Cas9 protein from a CRISPR/Cas9 system). In some embodiments, the Cas nuclease 

can be from a Class 2 CRISPR/Cas system (a single-protein Cas nuclease, such as a Cas9 

protein or a Cpfl protein). The Cas9 and Cpfl family of proteins are enzymes with DNA 

endonuclease activity, and they can be directed to cleave a desired nucleic acid target by 

designing an appropriate guide RNA, which is further explained infra.  

[0420] In some embodiments, a Cas nuclease can comprise more than one nuclease 

domain. In some embodiments, a Cas9 nuclease can comprise at least one RuvC-like 
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nuclease domain (e.g., Cpfl) and at least one IINH-like nuclease domain (e.g., Cas9). In 

some embodiments, the Cas9 nuclease can introduce a DSB in the target sequence. In some 

embodiments, the Cas9 nuclease can be modified to contain only one functional nuclease 

domain. For example, the Cas9 nuclease can be modified such that one of the nuclease 

domains can be mutated or fully or partially deleted to reduce its nucleic acid cleavage 

activity. In some embodiments, the Cas9 nuclease can be modified to contain no functional 

RuvC-like nuclease domain. In other embodiments, the Cas9 nuclease can be modified to 

contain no functional HNH-like nuclease domain. In some embodiments in which only one 

of the nuclease domains can be functional, the Cas9 nuclease can be a nickase that can 

introduce a single-stranded break (nick) into the target sequence. In some embodiments, a 

conserved amino acid within a Cas9 nuclease domain can be substituted to reduce or alter a 

nuclease activity. In some embodiments, the Cas nucleasenickase can comprise an amino 

acid substitution in the RuvC-like nuclease domain. Exemplary amino acid substitutions in 

the RuvC-like nuclease domain can include D1OA (based on theS. pyogenes Cas9 nuclease).  

In some embodiments, the nickase can comprise an amino acid substitution in the HNH-like 

nuclease domain. Exemplary amino acid substitutions in the HNH-like nuclease domain can 

include, but not limited to, E762A. H840A, N863A, H983A, and D986A (based on the S 

pyogenes Cas9 nuclease).  

[0421] In some embodiments, the Cas nuclease can be from a Type-I CRISPR/Cas system.  

In some embodiments, the Cas nuclease can be a component of the Cascade complex of a 

Type-I CRISPR/Cas system. For example, the Cas nuclease can be a Cas3 nuclease. In some 

embodiments, the Cas nuclease can be derived from a Type-III CRISPR/Cas system. In some 

embodiments, the Cas nuclease can be derived from Type-IV CRISPR/Cas system. In some 

embodiments, the Cas nuclease can be derived from a Type-V CRISPR/Cas system. In some 

embodiments, the Cas nuclease can be derived from a Type-VI CRISPR/Cas system.  

[0422] A Type I CRISPR/Cas system can utilize a large effector complex known as 

Cascade (CRISPR-associated complex for antiviral defense) for target binding and 

interference. The Cascade complex can contain multiple Cas proteins, including Cas3. which 

can be responsible for the destruction of the target DNA. A Type II CRISPR/Cas system, 

particularly the CRISPR-Cas9 system, can utilize a single Cas9 protein, guided by a synthetic 

guide RNA (sgRNA), to introduce double-strand breaks in target DNA for subsequent repair 

or modification. A Type III CRISPR/Cas system can utilize a Csm (CRISPR-Cas subtype 

multiprotein) or Cmr (CRISPR-Cas subtype ribonucleoprotein) complex for interference.  

Type III CRISPR/Cas system can target RNA molecules in addition to DNA. A Type V 
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CRISPR/Cas system, including Cpfl (also known as Casl2) and C2c2 (also known as 

Cas13), can utilize a single effector protein to perform interference. ATypeVICRISPR/Cas 

system can utilize a single Cas protein, such as C2c2 (also known as Cas13), to target and 

cleave RNA molecules, making it useful for RNA editing and manipulation.  

Guide RNAs (gRNAs) 

104231 The CRISPR technology can involves the use of a genome-targeting nucleic acid 

that can direct one or more endonucleases to a specific target sequence within a target gene 

for gene editing at the specific target sequence. The genome-targeting nucleic acid can be an 

RNA. A genome-targeting RNA is referred to as a "guide RNA" or"gRNA" herein. A 

guide RNA can comprise at least one spacer sequence that can hybridize to a target nucleic 

acid sequence within a target gene for editing, and a CRISPR repeat sequence.  

[0424] In Type II systems, the gRNA can also comprise a second RNA called the tracrRNA 

sequence. In the Type II gRNA, the CRISPR repeat sequence and tracrRNA sequence can 

hybridize to each other to form a duplex. In the Type V gRNA. the crRNA can form a 

duplex. In both systems. the duplex can bind a site-directed polypeptide. such that the guide 

RNA and site-direct polypeptide can form a complex. In some embodiments, the genome

targeting nucleic acid can provide target specificity to the complex by virtue of its association 

with the site-directed polypeptide. The genome-targeting nucleic acid can thus direct the 

activity of the site-directed polypeptide.  

[0425] As is understood by the person of ordinary skill in the art, each guide RNA can be 

designed to include a spacer sequence complementary to its genomic target sequence. See 

Jinek et al., Science 337:816-821 (2012); Deltcheva et al., Nature 471:602-607 (2011).  

[0426] In some embodiments, the genome-targeting nucleic acid (e.g., gRNA) can be a 

double-stranded guide RNA, comprising two strands of RNA molecules. The first strand can 

comprise in the 5' to 3' direction, an optional spacer extension sequence, a spacer sequence, 

and a minimum CRISPR repeat sequence. The second strand can comprise a minimum 

tracrRNA sequence (complementary to the minimum CRISPR repeat sequence), a 3' 

tracrRNA sequence, and an optional tracrRNA extension sequence.  

[0427] In some embodiments, the genome-targeting nucleic acid (e.g., gRNA) can be a 

single-molecule guide RNA (sgRNA). sgRNA in a Type II system can comprise, in the 5'to 

3' direction, an optional spacer extension sequence, a spacer sequence, a minimum CRISPR 

repeat sequence, a single-molecule guide linker, a minimum tracrRNA sequence. a 3' 

tracrRNA sequence, and an optional tracrRNA extension sequence. The optional tracrRNA 
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extension can comprise elements that can contribute additional functionality (e.g., stability) to 

the guide RNA. The single-molecule guide linker can link the minimum CRISPR repeat and 

the minimum tracrRNA sequence to form a hairpin structure. The optional tracrRNA 

extension can comprise one or more hairpins. A single-molecule guide RNA in a Type V 

system can comprise, in the 5' to 3' direction, a minimum CRISPR repeat sequence and a 

spacer sequence.  

104281 A spacer sequence in a gRNA is a sequence (e.g., a 20-nucleotide sequence) that 

can define the target sequence (e.g., a DNA target sequences, such as a genomic target 

sequence) of a target gene of interest (e.g., DNAIl or CFTR). In some embodiments, the 

spacer sequence can range from 15 to 30 nucleotides. For example, the spacer sequence can 

contain 15. 16, 17, 18, 19, 29, 21, 22, 23, 24, 25, 26, 27, 28. 29. or 30 nucleotides. In some 

embodiments, a spacer sequence can contain 20 nucleotides.  

[0429] The target sequence is in a target gene (e.g., DNAIl or CFTR) that can be adjacent 

to a PAM sequence and can be the sequence to be modified by an RNA-guided nuclease 

(e.g., Cas9). The target sequence is on the PAM strand in a target nucleic acid, which is a 

double-stranded molecule containing the PAM strand and a complementary non-PAM strand.  

One of skill in the art recognizes that the gRNA spacer sequence can hybridize to the 

complementary sequence located in the non-PAM strand of the target nucleic acid of interest.  

Thus, the gRNA spacer sequence can be the RNA equivalent of the target sequence. The 

spacer of a gRNA can interact with a target nucleic acid of interest in a sequence-specific 

manner via hybridization (i.e., base pairing). The nucleotide sequence of the spacer thus can 

vary depending on the target sequence of the target nucleic acid of interest.  

[0430] In a CRISPR/Cas system, the spacer sequence can be designed to hybridize to a 

region of the target nucleic acid that is located 5' of a PAM recognizable by a Cas9 enzyme 

used in the system. The spacer can perfectly match the target sequence or can have 

mismatches. Each Cas9 enzyme can have a particular PAM sequence that it can recognize in 

a target DNA. For example, S. pyogenes can recognize in a target nucleic acid a PAM that 

comprises the sequence 5'-NRG-3', where R can comprise either A or G. where N can be any 

nucleotide and N can be immediately 3' of the target nucleic acid sequence targeted by the 

spacer sequence.  

[0431] In some embodiments, the target nucleic acid sequence can have about 20 

nucleotides in length. In some embodiments, the target nucleic acid can have less than about 

20 nucleotides in length. In some embodiments, the target nucleic acid can have more than 

about 20 nucleotides in length. In some embodiments, the target nucleic acid can have at 
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least 5, 10, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30 or more nucleotides in length. In 

some embodiments, the target nucleic acid can have at most 5, 10, 15, 16, 17, 18. 19. 20. 21, 

22, 23, 24, 25, 30 or more nucleotides in length. In some embodiments, the target nucleic 

acid sequence can have 20 bases immediately 5' of the first nucleotide of the PAM. For 

example, in a sequence comprising 5'-NNNNNNNNNNNNNNNNNNNNNRG-3', the target 

nucleic acid can be the sequence that corresponds to the Ns. wherein N can be any nucleotide, 

and the underlined NRG sequence can be the S. pyogenes PAM.  

[0432] The guide RNA can target any sequence of interest via the spacer sequence in the 

crRNA. In some embodiments, the degree of complementarity between the spacer sequence 

of the guide RNA and the target sequence in the target gene can be about 60%, 65%, 70%, 

75%,80%,85%. 9 0% ,.95%,.97%,.98%,.99%,.or100%. In some embodiments, the spacer 

sequence of the guide RNA and the target sequence in the target gene can be 100% 

complementary. In other embodiments, the spacer sequence of the guide RNA and the target 

sequence in the target gene can contain up to 10 mismatches, e.g., up to 9, up to 8, up to 7, up 

to 6, up to 5, up to 4, up to 3, up to 2, or up to 1 mismatch.  

[0433] The length of the spacer sequence in gRNAs can depend on the CRISPR/Cas9 

system and components used for editing any of the target genes (e.g., DNAIl or CFTR). For 

example, different Cas9 proteins from different bacterial species can have varying optimal 

spacer sequence lengths. Accordingly, the spacer sequence can have 5. 6, 7, 8, 9, 10, 11. 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 25. 26. 27. 28, 29, 30, 35, 40, 45, 50, or more 

than 50 nucleotides in length. In some embodiments, the spacer sequence can have 18-24 

nucleotides in length. In some embodiments, the targeting sequence can have 19-21 

nucleotides in length. In some embodiments, the spacer sequence can comprise 20 

nucleotides in length.  

[0434] In some embodiments, the gRNA can be an sgRNA, which can comprise a 20

nucleotide spacer sequence at the 5' end of the sgRNA sequence. In some embodiments, the 

sgRNA can comprise a less than 20 nucleotide spacer sequence at the 5' end of the sgRNA 

sequence. In some embodiments, the sgRNA can comprise a more than 20 nucleotide spacer 

sequence at the 5' end of the sgRNA sequence. In some embodiments, the sgRNA can 

comprise a variable length spacer sequence with about 17-30 nucleotides at the 5' end of the 

sgRNA sequence.  

[0435] In some embodiments, the gRNAs can comprise unmodified ribonucleic acid. In 

some embodiments, the gRNAs can comprise modified ribonucleic acid. Various types of 

RNA modifications can be introduced during or after chemical synthesis and/or enzymatic 
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generation of RNAs, e.g., modifications that can enhance stability, reduce the likelihood or 

degree of innate immune response, and/or enhance other attributes, as described in the art. In 

some embodiments, non-natural modified nucleobases can be introduced into any of the 

gRNAs during synthesis or post-synthesis. In some embodiments, modifications can be on 

internucleoside linkages, purine or pyrimidine bases, or sugar. In some embodiments, a 

modification can be introduced at the terminal of a gRNA with chemical synthesis or with a 

polymerase enzyme.  

[0436] In some embodiments, more than one guide RNAs can be used with a CRISPR/Cas 

nuclease system. Each guide RNA can contain a different targeting sequence, such that the 

CRISPR/Cas system can cleave more than one target nucleic acid. In some embodiments, 

one or more guide RNAs can have the same or differing properties, such as activity or 

stability within the Cas9 RNP complex. Where more than one guide RNA can be used, each 

guide RNA can be encoded on the same or on different vectors. The promoters used to drive 

expression of the more than one guide RNA can be the same or different.  

[0437] In some embodiments, enzymatic or chemical ligation methods can be used to 

conjugate polynucleotides or their regions with different functional moieties, such as 

targeting or delivery agents, fluorescent labels, liquids, nanoparticles, and the like.  

[0438] In some embodiments, the CRISPR/Cas nuclease system can contain multiple 

gRNAs, for example, 2, 3, or 4 gRNAs. Such multiple gRNAs can target different sites in a 

same target gene. Alternatively, the multiple gRNAs can target different genes. In some 

embodiments, the guide RNA(s) and the Cas protein can form a ribonucleoprotein (RNP), 

e.g., a CRISPR/Cas complex. The guide RNAs can guide the Cas protein to a target 

sequence(s) on one or more target genes (e.g., DNAIl and CFTR), where the Cas protein can 

cleave the target gene at the target site. In some embodiments, the CRISPR/Cas complex can 

be a Cpfl/guide RNA complex. In some embodiments, the CRISPR complex can be a Type

II CRISPR/Cas9 complex. In some embodiments, the Cas protein can be a Cas9 protein. In 

some embodiments, the CRISPR/Cas9 complex can be a Cas9/guide RNA complex.  

[0439] In some embodiments, the indel frequency (editing frequency) of a particular 

CRISPR/Cas nuclease system, comprising one or more specific gRNAs, can be determined 

using a TIDE analysis, which can be used to identify highly efficient gRNA molecules for 

editing a target gene. In some embodiments, a highly efficient gRNA can yield a gene 

editing frequency of higher than 80%. For example, a gRNA can be considered to be highly 

efficient if it can yield a gene editing frequency of at least 80%. at least 85%, at least 90%, at 

least 95%, or 100%.  
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(ii).Other Gene_ EfdingMethods 

[0440] Besides the CRISPR system disclosed herein, additional gene editing systems as 

known in the art can also be used as a payload of the LNPs described herein. In some 

embodiments, the additional gene editing system can comprise zinc finger nuclease (ZFN), 

transcription activator-like effector nucleases (TALEN), restriction endonucleases, 

meganucleases homing endonucleases, or the like.  

[0441] ZFNs are targeted nucleases comprising anuclease fused to a zinc finger DNA 

binding domain (ZFBD), which can be a polypeptide domain that can bind DNA in a 

sequence-specific manner through one or more zinc fingers. A zinc finger can be a domain 

of about 30 amino acids within the zinc finger binding domain whose structure can be 

stabilized through coordination of a zinc ion. Examples of zinc fingers include, but not 

limited to, C2H2 zinc fingers, C3H zinc fingers, and C4 zinc fingers. A designed zinc finger 

domain can be a domain not occurring in nature whose design/composition results principally 

from rational criteria, e.g., application of substitution rules and computerized algorithms for 

processing information in a database storing information of existing ZFP designs and binding 

data. A selected zinc finger domain can be a domain not found in nature whose production 

can result primarily from an empirical process such as phage display, interaction trap or 

hybrid selection. In some embodiments, a ZFN can be a fusion of the FokI nuclease with a 

zinc finger DNA binding domain.  

[0442] A TALEN is a targeted nuclease comprising anuclease fused to aTAL effector 

DNA binding domain. A "transcription activator-like effector DNA binding domain", "TAL 

effector DNA binding domain", or "TALE DNA binding domain" is a polypeptide domain of 

TAL effector proteins that is responsible for binding of the TAL effector protein to DNA.  

TAL effector proteins can be secreted by plant pathogens of the genus Xanthomonas during 

infection. These proteins can enter the nucleus of the plant cell, bind effector-specific DNA 

sequences via their DNA binding domain, and activate gene transcription at these sequences 

via their transactivation domains. TAL effector DNA binding domain specificity can depend 

on an effector-variable number of imperfect 34 amino acid repeats, which can comprise 

polymorphisms at select repeat positions called repeat variable-diresidues (RVD). In some 

embodiments, a TALEN can be a fusion polypeptide of the FokI nuclease to a TAL effector 

DNA binding domain.  

[0443] Additional examples of targeted nucleases suitable for use can include, but not 

limited to, Bxbl, phiC31, PhiBT, and W/SPBc/TP901-1, whether used individually or in 
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combination. The Bxbl nuclease, also known as the Bxbl integrase, is a site-specific 

recombinase enzyme derived from the mycobacteriophase Bxbl. The Bxbl integrase can 

catalyze site-specific recombination between two specific DNA sequences, referred to as 

attachment (att) sites. The Bxbl integrase can recognize a specific 48 base-pair sequence 

within the attachment sites. The phiC31 nuclease, also known as the phiC31 integrase, is 

derived from the bacteriophage phiC31. The phiC31 nuclease can catalyze site-specific 

recombination between two specific DNA sequences. referred to as attB (attachment site in 

bacteriophage) and attP (attachment site in the phage). The phiC31 nuclease can promote 

integration of a DNA fragment flanked by attB and attP into the genome in cells of target 

organ. The phiBT Inuclease can integrate into a different attachment site than phiC31. The 

Wp/SPBc/TP901-1 nuclease, also known as bacteriophage P2 Bxbl Cre nuclease, is a site

specific recombination enzyme derived from the temperate bacteriophage P2.  

G. Physical Properties and Characteristics of LNPs 

[0444] The present disclosure relates, in part, aerosolized pharmaceutical compositions 

having aerosol particles of lipid nanoparticles (LNPs). In some embodiments, the LNPs can 

be delivered to a tracheobronchial region of a subject. In some embodiments, the LNPs have 

one or more of the following: an encapsulation efficiency (EE) greater than 50% an mRNA 

integrity of greater than 50%; a diameter from 20 nm to 600 nm; and a poldispersity of less 

than 0.6.  

1. Encapsulation Efficiency 

[0445] Encapsulation efficiency (EE) refers the fraction of a payload that is encapsulated 

within or otherwise incorporated into a lipid nanoparticle composition when LNPs are 

formed. Encapsulation efficiency may be determined by comparing the amount of input 

payload to the amount of payload encapsulated in a sample of LNPs, or by compairing the 

amount of payload in the LNPs to the free excess payload not encapsulated in the sample. In 

some embodiments, a flourescence detection assay (e.g., RiboGreenTM) is used to determine 

encapsulation efficiency by measuring the free RNA in a sample with intact LNPs with the 

total RNA is a sample treated to disrupt the LNPs.  

[04461 Encapsulation refers to the process of confining a payload within an LNP. In some 

embodiments, encapsulation refers to confining one or more mRNA molecules within an 

LNP. In some embodiments, the payload can be captured in the lipid portion of the LNP or an 

aqueous space enveloped by some or all of the lipid component of the LNP. In some 
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embodiments, the payload can be encased within a lipid mono- or bi-layer envelop. In some 

embodiments, the payload can be intercalated in-bewteen lipid components. In some 

embodiments, the payload can be encased within an aqueous core of the LNP.  

[0447] In some embodiments, the LNPs are formed with an average encapsulation 

efficiency ranging from about 50% to about 100%. In some embodiments, the LNPs are 

formed with an average encapsulation efficiency ranging from about 50% to about 70%. In 

some embodiments, the LNPs are formed with an average encapsulation efficiency ranging 

from about 70% to about 90%. In some embodiments, the LNPs are formed with an average 

encapsulation efficiency ranging from about 90% to about 100%. In some embodiments, the 

LNPs are formed with an average encapsulation efficiency ranging from about 75% to about 

95%.  

[04481 In various embodiments, the LNPs have an encapsulation efficiency of greater than 

50%. For example, the EE of the LNPs is greater than 50%, 55%, 60%, 65%, 70%, 75%, 

80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%. In other embodiments, the LNPs 

have an EE of 50-95%, of 60-95%, of 70-95%, of 80-95%, or of 90-95%. In some 

embodiments, the LNPs have an EE of 91%, 9 2 %, 93%, 94% or 95%. In some embodiments, 

the LNPs have an EE of 95%.  

[0449] In various embodiments, the present disclosure provides a composition having a 

polynucleotide (e.g., an mRNA molecule) incorporated into the LNPs described herein. In 

some embodiments, mRNA molecules are incorporated into the majority of the LNPs. In 

some embodiments, greater than about 50%. 55%. 60%, 65%, 70%, 75%, 8 0%, 85%, 90%, or 

95%, of the mRNA molecules are incorporated into the LNPs. In some embodiments, at least 

70% of total mRNA molecules encoding CFTR are incorporated into the composition. In 

various embodiments, at least 70% of total mRNA molecules encoding DNAIl are 

incorporated into the LNP composition.  

2. mRNA integrity 

[0450] mRNA integrity can refer to the quality of mRNA. In some embodiments, mRNA 

integrity refers to the percentage of mRNA that is not degraded after e.g., a purification 

process. In some embodiments, mRNA integrity refers to the quality of the mRNAs within 

the LNPs after nebulization.  

[04511 mRNA integrity may be determined by any of the methods well known in the art, 

for example, by RNA agarose gel electrophoresis (e.g, Ausubel et al., John Wiley & Sons, 

Inc., 1997, Current Protocols in Molecular Biology). The gels can be analyzed to determine 
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whether the banding pattern and apparent nucleotide length is consistent with an analytical 

reference standard. Additional methods to assess RNA integrity include, for example, 

assessment of the purified mRNA using capillary gel electrophoresis (CGE).  

[0452] In some embodiments, mRNA integrity is measured via a multiplexed capillary 

electrophoresis (CE), e.g., using an Agilent Advanced Analytical 5200 Fragment Analyzer.  

The electropherograms can be aalyzed with e.g., ProSize Data Analysis software using 

smearanalysis to quantify mRNA transcript integrity 

[0453] In some embodiments, at least 70%,71%,72%,73%, 74%, 75%, 76%,77%, 78%, 
7 9 %, 8 0 %,81%,82%,83%,84%,85%,86%,87%,88%,8 9 %,90%,91%,92%,93%, 94%, 

95%, 96%, 97%, 98%, 99%, 99.5%, or 99.9% of the mRNA products are full-length.  

[04541 Invarious embodiments, the LNPs described herein have an mRNA integrity 

greater than 50%, 55%, 60%., 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 

96%, 97%, 98%, or 99%. In other embodiments, the LNPs have an mRNA integrity of 75

99%, of 80-95%, of 85-90%, or of 90-95%.  

3. LNPDiameter 

[0455] In various embodiments, the LNPs have a diameter of about 150 nm (e.g., about 145 

nm, about 140 nm. about 135 nm, about 130 nm, about 125 nm, about 120 nm, about 115 nm, 

about 110 nm, about 105 nm. about 100 nm, about 95 nm, about 90 nm. about 85 nm. or 

about 80 nm). In some embodiments, the LNPs have a diameter of about 80 to 150 nm. In 

some embodiments, the LNPs have a diameter of about 20 to 600 nm, about 40 to 600 nm, 

about 60 to 600 nm, about 80 to 600 nm, about 100 to 600 nm, or 150 to 600 nm. or 200 to 

600 nm, or 250 to 600 nm, or 300 to 600 nm, or 350 to 600 nm.  

[0456] In various embodiments, the LNPs have a diameter of about 150 nm (e.g.. about 145 

nm, about 140 nm, about 135 nm, about 130 nm, about 125 nm, about 120 nm, about 115 nm, 

about 110 nm, about 105 nm, about 100 nm. about 95 nm, about 90 nm, about 85 nm, or 

about 80 nm). In some embodiments, the LNPs have a diameter of about 80 to 150 nm. In 

some embodiments, the LNPs have a diameter of about 20 to 400 nm, about 40 to 400 nm, 

about 60 to 400 nm, about 80 to 400 nm, about 100 to 400 nm, or 150 to 400 nm, or 200 to 

400 nm, or 250 to 400 nm, or 300 to 400 nm, or 350 to 400 nm.  

[0457] In some embodiments, the LNPs have a size distribution in which the mean size 

(e.g., diameter) is about 70 nm to about 200 nm, and more typically the mean size is about 

100 nm or less. In some embodiments, the LNPs have a diameter of 50-90 nm.  
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[0458] In various embodiments, the LNPs have a diameter of about 150 nm (e.g., about 145 

nm, about 140 nm, about 135 nm, about 130 nm, about 125 nm, about 120 nm, about 115 nm, 

about 110 nm, about 105 nm, about 100 nm, about 95 nm, about 90 nm, about 85 nm, or 

about 80 nm). In some embodiments, the LNPs have a size distribution in which the mean 

size (e.g.. diameter) is about 70 nm to about 200 nm, and more typically the mean size is 

about 100 nm or less.  

104591 In some embodiments, the LNPs have a diameter of about 150 nm (e.g., about 145 

nm, about 140 nm, about 135 nm, about 130 nm, about 125 nm, about 120 nm, about 115 nm, 

about 110 nm, about 105 nm, about 100 nm, about 95 nm, about 90 nm, about 85 nm, or 

about 80 nm). In some embodiments, the LNPs have an average size of about 150 nm or less, 

e.g., between 75 nm and 150 nm, in particular between 100 nm and 150 nm.  

[04601 In various embodiments, the LNPs have a diameter of 20 to 180 nm. 30 to 180 nm, 

40 to 180 nm, 50 to 180 nm, 60 to 180 nm, 70 to 180 nm, 80 to 180 nm, 90 to 180 nm, 100 to 

180 nm, or 50 nm, 60 nm, 70 nm, 80 nm, 90 nm, 100 nm, 120 nm, 140 nm, 160 nm, or 180 

nm, post-nebulization.  

[04611 In some embodiments, the LNPs have a diameter of 100 to 400 nm. 120 to 400 nm.  

140 to 400 nm, 160 to 400 nm, 180 to 400 nm, 200 to 400 nm, 220 to 400 nm, 240 to 400 nm, 

260 to 400 nm, 280 to 400 nm, 300 to 400 nm, 320 to 400 nm, 340 to 400 nm, 360 to 400, or 

380 to 400 nm.  

[04621 In various embodiments, the diameter of the LNPs is determined by various 

techniques known in the art, including, but not limited to, dynamic light scattering (DLS).  

4. Polvdispersity Index (PDI) 

[0463] In some embodiments, the LNPs are characterized as having a polydispersity (or 

polydispersity index) of less than 0.5. In various embodiments, the LNPs have a 

polydispersity of less than 0.5. The polydispersity index (PDI) is the standard deviation of the 

LNP diameter distribution divided by the mean LNP diameter. The PDI is often used as an 

indication of the quality of the LNP with respect to the size distribution.  

[0464] In various embodiments, dynamic light scattering (DLS) can be used to characterize 

the polvdispersity index and size of the LNPs of the present disclosure. DLS measures the 

scattering of light that results from subjecting a sample to alight source. PDI, as determined 

from DLS measurements, represents the distribution of LNP size (at or around the mean LNP 

diameter) in a population, with a perfectly uniform population of LNPs having a PDI of zero.  
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[0465] In various embodiments, the LNPs have a polydispersity of less than 0.5, less than 

0.4, less than 0.3, less than 0.2, or less than 0.1. In some embodiments, the LNPs have a 

polydispersity of 0.5. In some embodiments, the LNPs have a polydispersity of 0.4. In some 

embodiments, the LNPs have a polydispersity of 0.3. In some embodiments, the LNPs have a 

polydispersity of 0.2. In some embodiments, the LNPs have a polydispersity of 0.1.  

H. Physical Properties and Characteristics of Aerosol Particles 

[0466] The present disclosure relates, in part, aerosolized pharmaceutical compositions 

having aerosol particles of lipid nanoparticles (LNPs). In some embodiments, the LNPs can 

be delivered to a tracheobronchial region of a subject. In some embodiments, the aerosol 

particles of the present disclosure have one or more of following characteristics: a mass 

median aerodynamic diameter (MMAD) between 1 im to 10 im, a geometric standard 

deviation (GSD) from I to 5, and a fine particle fraction (FPF) percent of at least 50%.  

1. Mass Median Aerodynamic Diameter (MMAD) 

[04671 The size distribution of aerosol particles in an aerosol can be measured by 

determining the mass median aerodynamic diameter (MMAD) thereof. The MMAD of an 

aerosol is the median of the diameter of the aerosol particles in the aerosol. In some 

embodiments, the MMAD is measured usign a next generation impactor (NGI). As described 

herein, the MMAD of an aerosol may affect where in the lung the aerosol is deposited when 

administered to a subject.  

[0468] Without being bound by theory, aerosols having a mass median aerodynamic 

diameter (MMAD) of 5-10 pm may be deposited mainly in the large conducting airways and 

oropharyngeal region. Aerosol particles with a 1-5 pm MMAD range may be deposited 

mainly in the small pulmonary airways and alveoli, whereas more than 50% of the aerosol 

particles with 3 pm MMAD may be deposited in the alveolar region. In the case of 

employing the pulmonary route for systemic drug delivery, aerosols with a small average 

particle size are required to ensure peripheral penetration of the drug.  

[04691 In some embodiments, the calculation of MMAD is in accordance with USP chapter 

<601>. In some embodiments, the diameter at which 50% of the aerosol particles by mass 

are larger and 50% are smaller. In some embodiments, an intercept of the line drawn on the 

lognormal distribution plot, and the line is determined by using the entire distribution 

focusing more on points with majority of the mass.  
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[0470] Upon nebulization, the aerosolized pharmaceutical composition comprises aerosol 

particles of the pharmaceutical composition. Aerosol particles refer to particles of a solution 

(or solid) that has been nebulized. Each aerosol particle may comprise a quantity of LNPs 

suspended in a solution (or solid). The size of an LNP is substantially smaller than the size of 

an aerosol particle. The aerosolized pharmaceutical composition can be characterized by a 

number of parameters, including the particle size of the aerosol (e.g., diameter), for example, 

by measuring the mass median aerodynamic diameter or fine particle fraction associated with 

the aerosol particles of the aerosolized pharmaceutical composition. MMAD may be 

determined by impactor measurements, e.g., the Anderson Cascade Impactor (ACI) or the 

Next Generation Impactor (NGI).  

[04711 In some embodiments, the aerosol particles have an MMAD from 1 pm to 9 pm, 

from I pm to 8 pm, from 1 m to 7 pm, from 1 pm to 6 pm. from 1 m to 5 pm, from 1 pm 

to 4 pm, from 1 pm to 3 pm, from 1 pm to 2 pm, or from 3 pm to 5 pm. In various 

embodiments, the aerosol particles have an MMAD from 1 m to 9 pm, or from 1 m to 8 

pm, or from 1 m to 7 pm, or from I pm to 6 pm, or from 1 m to 5 pm, or from 1 m to 4 

pm, or from I pm to 3 pm, or from 1 m to 2 pm, or from 3 pm to 5 pm post nebulization.  

2. Geometric Standard Deviation (GSD) 

[04721 The uniformity of a particle size distribution of an aerosol (such as the aerosolized 

pharmaceutical compositions of the present disclosure) can be quantified as the geometric 

standard deviation (GSD) of the particle size of the aerosol particles. GSD is a measure of the 

variability of the aerosol particle diameters. The GSD of an aerosol can be calculated as the 

square root of the ratio of the observed droplet size at the 8 4th percentile divided by the 

observed droplet size at the 1 6 th percentile on a cumulative percent mass undersize 

distribution. Low GSDs reflect a narrow droplet size distribution (i.e., homogeneously sized 

droplets), which may be advantageous for targeting aerosol to the respiratory system.  

[04731 Monodispersity and polydispersity relate to the uniformity of the particle size 

distribution of the aerosol. The lower the GSD of an aerosol, the more monodispersed the 

particle size distribution is. Similarly, the higher the GSD is of an aerosol, the more 

polydispersed the particle size distribution is. For example, monodispersed particle size 

distributions typically include aerosols having a GSD of about 2 or less, and polydispersed 

particle size distributions typically include aerosols having a GSD of about 3 or more.  
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[0474] In various embodiments, the aerosol particles have a GSD from 1to 4, from 1to 3, 

or from I to 2, or 1, 1.5, 2, 2.5, or 3. In various embodiments, the aerosol particles have a 

GSD from I to 4, or from I to 3, or from I to 2, or 1, 1.5, 2, 2.5, or 3 after nebulization.  

[0475] In other embodiments, the GSD is determined by the formula provided below: 

GSD =j 
D16 

[04761 In some embodiments, D16 (Probit= -1) is the diameter at which 84% of the 

particles by mass are larger and 16% are smaller. In some embodiments. D84 (Probit = 1) is 

the diameter at which 16% of the particles by mass are larger and 84% are smaller. An 

intercept of the line drawn on the log-normal distribution plot and the line is determined 

using the entire distribution flanking the Probit = 1.  

104771 The average droplet size of the aerosolized pharmaceutical compositions provided 

herein, may be less than about 5 pm, or about 1 im to about 5 Im. Aerosolized 

pharmaceutical composition may have a GSD in a range of 1.0 to 2.2, or about 1.0 to about 

2.2, or 1.5 to 2.2, or about 1.5 to about 2.2.  

3. Fine Particle Fraction 

[0478] The fine particle fraction (FPF) represents the mass percentage of aerosol particles 

with an aerodynamic diameter below 5 m and is used for in vitro assessment of the 

aerodynamic properties of aerosols. In some embodiments, FPF represents the mass 

percentage of LNPs with an aerodynamic diameter below 5 jm. In some embodiments, the 

FPF is used for an in vitro assessment of the aerodynamic properties of aerosols.  

[04791 In some embodiments, a fine particle dose (FPD) is determined as the collective 

mass of the drug (e.g., polynucleotide payload) that is < 5.0 Pm in size, by measuring the 

amount of the drug (e.g., polynucleotide payload) collected on all stages with an equivalent 

circlular diamater (ECD) of < 5.0 jm.  

[0480] In various embodiments, the aerosol particles of the present disclosure have a fine 

particle fraction of 55%, of 60%, of 70%, of 75%, of 80%, of 85%, or of 90%. In various 

embodiments, the aerosol particles of the disclosure have a fine particle fraction of 55%, of 

60%, of 70%, of 75%, of 80%, of 85%, or of 90% after nebulization.  

III. METHODS OF THE DISCLOSURE 

[04811 In one aspect, the present disclosure provides a method of treating a lung disease or 

lung disorder in a subject the method comprising administering the aerosolized 
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pharmaceutical composition described herein. The present disclosure provides, among other 

things, methods and compositions of treating cystic fibrosis comprising administering to a 

subject an aerosolized LNP composition comprising an mRNA encoding a Cystic Fibrosis 

Transmembrane conductance Regulator (CFTR) protein. In other embodiments, the present 

disclosure provides methods and compositions for treating primary ciliary dyskinesia (PCD) 

comprising administering to a subject an aerosolized LNP composition comprising an mRNA 

encoding dynein axonemal intermediate chain 1 (DNAI1) protein.  

[0482] Cystic fibrosis, also known as mucoviscidosis, is an autosomal recessive genetic 

disorder that affects most critically the lungs, and also the pancreas, liver, and intestine 

(Gibson et al., Am J Respir Crit Care Med. (2003) 168(8):918-951; Ratjen et al., Lancet Lond 

Engl. (2003) 361(9358):681-689; O'Sullivan et al., Lancet Lond Engl. (2009) 

373(9678):1891-1904). Cystic fibrosis is caused by mutations in the gene encoding for the 

Cystic Fibrosis Transmembrane conductance Regulator (CFTR) protein. This protein 

functions as a channel that transports chloride ions across the membrane of cells and is 

required to regulate the components of mucus, sweat, saliva, tears, and digestive enzymes.  

Disease-causing mutations in the CFTR protein cause dysfunction of its channel activity 

resulting in abnormal transport of chloride and sodium ions across the epithelium, leading to 

the thick, viscous secretions in the lung, pancreas, and other organs (O'Sulliven et al., Lancet 

Lond Engl. (2009) 373(9678):1891-1904; Rowe et al., N Eng J Med. (2005) 352(19):1992

2001). Most CF patients develop severe, chronic lung disease related to airway obstruction 

partly due to increased levels of sulfated mucins, inflammation, and recurrent infections that 

are eventually lethal; the median predicted survival age in the US is 40.7 years. Cystic 

fibrosis is the most frequent lethal genetic disease in the white population.  

[0483] The lungs of individuals with CF are colonized and infected by bacteria from an 

early age. This leads to chronic airway infection and inflammation, progressing to 

bronchiectasis, gas trapping, hypoxemia, and hypercarbia. Pulmonary insufficiency is 

responsible for 68.1% of CF-related deaths in the US. In the initial stage, common bacteria 

such as Staphylococcus aureus and Hemophilus influenzae colonize and infect the lungs.  

Eventually. Pseudomonas aeruginosa (and sometimes Burkholderia cepacia) dominates. By 

18 years of age, 80% of patients with classic CF harbor P. aeruginosa, and 3.5% harbor B.  

cepacia. Once within the lungs, these bacteria adapt to the environment and develop 

resistance to commonly used antibiotics.  

[0484] Primary ciliary dyskinesia (PCD) is an auto recessive disorder characterized by 

abnormal cilia and flagella that are found in the linings of the airway, the reproductive 
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system. and other organs and tissues. PCD occurs in approximately 1 in 16,000. Symptoms 

are present as early as at birth, with breathing problems, and the affected individuals develop 

frequent respiratory tract infections beginning in early childhood. People with PCD also have 

year-round nasal congestion and chronic cough. Chronic respiratory tract infections can result 

in condition called bronchiectasis, which damages the passages, called bronchi, and can cause 

life-threatening breathing problems. Some individuals with PCD also have infertility, 

recurrent ear infections, abnormally placed organs within their chest and abdomen.  

[0485] Among several genes confirmed to be directly involved in PCD pathogenesis, a 

significant number of mutations are found in two genes: DNAIl and DNAH5, encoding 

intermediate and heavy chains of the axonemal dynein, respectively. Mutations in other 

genes, coding for proteins involved in the axonemal ultrastructure (DNAH11, DNAI2, 

TXNDC3, RSPH9, RSPH4A) or assembly (KTU, CRRC50), also have been reported, as well 

as mutations in the RPGR gene in certain cases of PCD. Mutations in DNAIl and DNAH5, 

both associated with a ciliary outer dynein arm (ODA) defect phenotype, are collectively 

estimated to account for almost 40% of PCD cases.  

A. Treatment Methods 

[0486] In some embodiments, a patient in need of treatment is a male or female of 2 years 

or older, of 3 years or older, of 6 years or older, of 7 years or older, of 12 years or older, of 13 

years or older, of 18 years or older, of 19 years or older. of 25 years or older, of 25 years or 

older, of 30 years or older, of 35 years or older, of 40 years or older, of 45 years or older, or 

of 50 years or older. In some embodiments, a patient in need of treatment is less than 50 years 

old, less than 45 years old, less than 40 years old, less than 35 years old, less than 30 years 

old, less than 25 years old, less than 20 years old, less than 19 years old, less than 18 years 

old, less than 13 years old, less than 12 years old, less than 7 years old, less than 6 years old, 

less than 3 years old, or less than 2 years old. In some embodiments, a patient in need of 

treatment is a male or female from 2 to 18 years old, from 2 to 12 years old, from 2 to 6 years 

old, from 6 to 12 years old, from 6 to 18 years old, from 12 to 16 years old, from 2 to 50 

years old, from 6 to 50 years old, from 12 to 50 years old, or from 18 to 50 years old. In some 

embodiments, a patient in need of treatment is a female who is pregnant or who may become 

pregnant.  

[0487] Patients with CF have more chloride in their sweat than people who do not have CF.  

For a child who has CF, the sweat chloride test results will confirm the diagnosis by showing 

a high chloride level. A baby must sweat enough to do the test. Full-term babies usually 
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produce enough sweat by 2 weeks of age. Thus, In some embodiments, a patient in need of 

treatment has a sweat chloride value of > 60 mmol/L, > 65 mmol/L, > 70 mmol/L, > 75 

mmol/L. > 80 mmol/L, > 85 mmol/L, > 90 mmol/L. > 95 mmol/L, > 100 mmol/L, > 110 

mmol/L, > 120 mmol/L, > 130 mmol/L, > 140 mmol/L or > 150 mmol/L by quantitative 

pilocarpine iontophoresis (documented in the subject's medical record). In some 

embodiments, a patient in need of treatment has chronic sinopulmonary disease and/or 

gastrointestinal/nutritional abnormalities consistent with CF disease.  

[0488] In some embodiments, forced expiratory volume in I second (FEV1 ) is an 

established marker of cystic fibrosis (CF) disease progression that is used to capture clinical 

course and evaluate therapeutic efficacy. Thus, in various embodiments a patient in need of 

treatment has FEVi > 50% and < 90% (e.g., < 85%, < 80%, < 75%, < 70%, < 65%, < 60%. or 

< 55%) of the predicted normal (i.e., the average FEV of non-CF patients) based on the 

patient's age, gender, and height. In some embodiments, a patient in need of treatment has 

resting oxygen saturation > 92% on room air (pulse oximetry). In some embodiments, a 

patient in need of treatment has a body mass index > 17.5 kg/m2 and weight > 40 kg.  

[04891 In some embodiments, any of the CF treatment methods disclosed herein results in 

the production of CFTR protein in the subject. In some embodiments, any of the PCD 

treatment methods disclosed herein results in the production of DNAI Iprotein in the subject.  

In some embodiments, any of the treatment methods disclosed herein results in an increase of 

CFTR protein or DNAIl protein in the subject of at least about 2-fold, at least about 3-fold, at 

least about 4-fold, at least about 5-fold, at least about 10-fold, at least about 15-fold, at least 

about 20-fold, or at least about 25-fold compared to baseline.  

[0490] In some embodiments, the increase in CFTR protein or DNAIl protein is detectable 

within about 6 hours, 8 hours, 12 hours, 24 hours, 36 hours, or 48 hours of administration of 

the pharmaceutical composition. In some embodiments, the increase in the CFTR protein is 

detectable by qPCR on RNA purified from tissue samples. In some embodiments, the 

increase in the DNAI protein is detectable by qPCR on RNA purified from tissue samples.  

[0491] In some embodiments, a patient in need of treatment has received or is concurrently 

receiving other lung disease medications. For example, a patient in need of treatment may be 

receiving lumacaftor/ivacaftor combination drug (ORKAMBI@) or may have been on this 

treatment for at least 28 days prior to commencement of the treatment according to the 

present disclosure. The structures of lumacaftor and ivacaftor are provided below: 
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[0492] Other CF medications may include, but are not limited to. routine inhaled therapies 

directed at airway clearance and management of respiratory infections, such as 

bronchodilators, rhDNase (PULMOZYME@ (Dornase alfa)), hypertonic saline, antibiotics, 

and steroids; and other routine CF-related therapies such as systemic antibiotics, pancreatic 

enzymes. multivitamins, and diabetes and liver medications.  

[0493] Specifically, a method of treatment consists of (1) providing: a) a nebulizer, and b) a 

container including the LNP formulation for aerosolization in a pharmaceutically acceptable 

carrier, and (2) administering the LNP formulation using the nebulizer. In some 

embodiments, the volume of the LNP formulation in the container has a volume of (about) 10 

mL, 9 mL, 8 mL, 7 mL, 6 mL. 5 mL, 4 mL, 3 mL, 2 mL, or 1 mL. In some embodiments, 

formulations and compositions generally include a pharmaceutically acceptable carrier. The 

carrier is preferably a liquid carrier. Further, the carrier preferably includes water and may 

include other components. In some embodiments, the composition including the LNP 

formulation is stored in an ampule, a vial, or a single-use vial prior to administrating. In some 

embodiments, the composition is stored in a single-use vial prior to administering.  

[0494] In some embodiments, the administration of the aerosolized pharmaceutical 

composition of the present disclosure results in the expression of a protein (e.g., CFTR or 

DNAI) in a lung of the subject. In still other embodiments, administration of the aerosolized 

pharmaceutical composition of the present disclosure results in detection of a protein (e.g..  

CFTR or DNAII) in a lung of the subject between 6 and 12 hours after delivery to the 

subject. In some embodiments, detection of the protein in the lung is at 6 hours, 7 hours, 8 

hours, 9 hours, 10 hours, 11 hours or 12 hours. In various embodiments, the protein (e.g., 

CFTR or DNAI) may be detected using any of the known techniques in the art, including 

but not limited to Western blot analysis.  

[0495] In some embodiments, an mRNA delivered according to the present disclosure 

results in increased protein level or activity an upper airway, a central airway, or peripheral 

airway of a lung of the subject by, e.g., at least approximately 10%. 20%. 30%. 40%. 50%.  
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60%, 70%, 80%, 90%, 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 

50-fold, 100-fold, 500-fold, 1000-fold, or 1500-fold as compared to a control (e.g.  

endogenous level of protein or activity without or before the treatment according to the 

disclosure, or a historical reference level).  

[0496] In some embodiments, a CFTR mRNA delivered according to the present disclosure 

results in increased CFTR protein level or activity an upper airway, a central airway, or 

peripheral airway of a lung of the subject by, e.g.. at least approximately 10%, 20%, 30%, 

40%, 50%, 60%, 70%, 80%, 90%, 1 -fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30

fold, 40-fold, 50-fold, 100-fold, 500-fold, 1000-fold, or 1500-fold as compared to a control 

(e.g., endogenous level of protein or activity without or before the treatment according to the 

disclosure, or a historical reference level).  

[0497] In some embodiments, a DNAI mRNA delivered according to the present disclosure 

results in increased DNAI protein level or activity an upper airway, a central airway, or 

peripheral airway of a lung of the subject by, e.g., at least approximately 10%, 20%, 30%, 

40%, 50%, 60%, 70%, 80%, 90%, 1-fold, 2-fold, 3-fold, 4-fold. 5-fold, 10-fold, 20-fold, 30

fold, 40-fold. 50-fold, 100-fold, 500-fold, 1000-fold, or 1500-fold as compared to a control 

(e.g, endogenous level of protein or activity without or before the treatment according to the 

disclosure, or a historical reference level).  

[0498] In various embodiments, mRNA expression may be detected or quantified by qPCR 

on RNA purified from tissue samples. The protein expression (e.g., CFTR or DNAI) may be 

determined by measuring immune responses to the protein. Qualitative assessment of the 

protein may also be performed by e.g.. Western blot analysis. The protein activity may be 

measured by an appropriate activity assay. Various other methods are known in the art and 

may be used to determine the protein expression or activity.  

[0499] The CFTR mRNA expression may be detected or quantified by qPCR on RNA 

purified from tissue samples. In some embodiments, the DNAI mRNA expression may be 

detected or quantified by qPCR on RNA purified from tissue samples. The CFTR protein 

expression may be determined by measuring immune responses to CFTR protein. In some 

embodiments, IgG antibody to CFTR protein is measured by an enzyme-linked 

immunosorbent assay in collected serum samples. In some embodiments, CFTR-specific T 

cell responses are assessed using collected peripheral blood mononuclear cells. In some 

embodiments, T cell responses to CFTR protein are measured by a human interferon-y 

enzyme-linked immunospot assay as described by Calcedo et al. (Calcedo et al., Hum Gene 

Ther Clin Dev. (2013) 24:108-15). Qualitative assessment of CFTR protein or DNAI may 
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also be performed by e.g, Western blot analysis. The CFTR protein activity may be 

measured by CFTR chloride channel activity in appropriate tissue cells. A stable potential 

with the mean value of a 10 second scoring interval after perfusion of solution is recorded.  

CFTR activity is estimated by the change in potential difference following perfusion with 

chloride-free isoproterenol. Various other methods are known in the art and may be used to 

determine the CFTR mRNA and CFTR protein expression or activity.  

105001 In another aspect, the disclosure provides methods of deliverying a payload to a cell, 

comprises contacting the cell with an LNP composition of the present disclosure.  

[0501] In another aspect, the disclosure provides methods of deliverying expressing a 

protein or an RNA in a cell, comprises contacting the cell with an LNP composition of the 

present disclosure.  

[0502] In another aspect, the disclosure provides methods of increasing chloride flux in a 

cell, comprising contacting the cell with a LNP composition of the present disclosure, 

whererin optionally the cell comprises homozygous inactivating mutations in the CFTR gene.  

[0503] In another aspect, the disclosure provides methods of maintaining transpeithelial 

electrical resistance (TEER) or reducing TEER by at most 10%, at most 20%, or at most 

30%.  

[0504] In some embodiments, the cell is a lung cell. In some embodiments, the lung cell is 

a secretory cell and/or ionocyte.  

[05051 In some embodiments, the methods specifically transduce secretory cells and/or 

ionocytes compared to other lung cells.  

[0506] In some embodiments, the lung cell is a ciliated cell.  

[0507] In some embodiments, the methods specifically transduce ciliated cells compared to 

other lung cell.  

[05081 In some embodiments, any of the treatment methods disclosed herein comprises 

nebulizing the composition to generate an aerosolized composition, then contacting the 

aerosolized composition with the cell.  

[0509] In some embodiments, the composition of the present disclosure is an aerosolized 

composition, and any of the treatment methods disclosed herein comprises contacting the 

aerosolized composition with the cell.  

[0510] In another aspect, the present disclosure provides a method of deliverying a payload 

to the lungs of a subject, comprising administering to the subject a composition of the present 

disclosure.  
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[0511] In one aspect, the present disclosure provides a method of treating or preventing 

lung disease in a subject, comprising administering to the subject a composition of the 

present disclosure.  

[0512] In some embodiments, any of the treatment method disclosed herein comprises 

nebulizing the composition of the present disclosure prior to the administering step.  

[0513] In some embodiments, the composition of the present disclosure is administered, as 

an aerosolized composition, by inhalation.  

[0514] In some embodiments, any of the treatment methods disclosed herein delivers to the 

lung an effective amount of the composition.  

[0515] In some embodiments, any of the treatment methods disclosed herein delivers to the 

lung an amount effective to treat the lung disease.  

[05161 In some embodiments, any of the treatment methods disclosed herein is more 

effective than contacting the cell with or adminsitering to the subject elexacaftor, tezacaftor, 

lumacaftor, ivacaftor, or any combination thereof In some embodiments, any of the treatment 

methods disclosed herein is at least 10%, at least 20%, at least 30%, at least 40%, at least 

50% or at least 60% more effective than administering elexacaftor. tezacaftor. lumacaftor 

ivacaftor, or any combination thereof In some embodiments, any of the methods disclosed 

herein is 10%-70%, 20%-70%, 30%-70%, 40%-70%, 50%-70%, or 60%-70% more effective 

than administering elexacaftor, tezacaftor, lumacaftor, ivacaftor, or any combination thereof 

The structure of ivacaftor is: 

Ha' NH 

<NH 

[05171 The structure of lumcaftor is: 

[0518] In one aspect the present disclosure provides use of the presently disclosed 

compositions for treatment of a lung disease.  

[05191 In another aspect, the present disclosure provides various LNP compositions for 

treatment of a lung disease, which are described in greater depth supra.  
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B. Nebulization and Pulmonary Delivery 

[0520] The compositions of the present disclosure, either alone or in combination with 

other suitable components, can be made into aerosol formulations (i.e.. they can be 

nebulized). In various embodiments, the compositions of the present disclosure can be 

formulated to be administered via inhalation (e.g., intranasally or intratracheally) (see, 

Brigham et al., Am. J. Sci., 298:278 (1989)). In some embodiments, delivery is pulmonary 

delivery, e.g., comprising nebulization.  

[0521] A payload (such as aCFTR mRNA oraDNAI mRNA) may be incorporated into a 

lipid nanoparticle for delivery via different administration routes. In some embodiments, a 

CFTR mRNA or DNAI mRNA is incorporated into an LNP for pulmonary delivery. As used 

herein, pulmonary delivery refers to delivery to lungs via, e.g., nasal cavity, trachea, bronchi, 

bronchioles, and/or other pulmonary system. In some embodiments, a CFTR mRNA is 

incorporated into an LNP for nebulization. In a particular embodiment, a DNAI mRNA is 

incorporated into an LNP for nebulization. In these embodiments, the delivery vehicle may 

be in an aerosolized pharmaceutical composition which can be inhaled.  

[0522] In some embodiments, the composition of the present disclosure is nebulized prior 

to inhalation.  

[0523] In some embodiments, aerosol formulations can be placed into pressurized 

acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.  

[0524] In various embodiments, provided herein is a method for targeting the aerosolized 

pharmaceutical compositions to a lung cell of a subject comprising administering the 

aerosolized pharmaceutical composition to the subject. For example, the method includes 

delivering a polynucleotide to a lung cell of a subject, comprising administering the 

aerosolized pharmaceutical compositions described herein. In other examples, the present 

disclosure provides for expressing a protein in the lung of a subject, comprising administering 

the aerosolized pharmaceutical composition described herein to the subject. In some 

embodiments, provided herein are methods for expressing a protein in the lungs of a subject, 

comprising administering the aerosolized pharmaceutical composition to the subject.  

[0525] In various embodiments, the aerosolized pharmaceutical composition is 

administered to the subject using a nebulizer.  

[0526] In some embodiments, the nebulizer is administered at an output rate from 0.1 to 1.0 

mLmin. In other embodiments, the nebulizer is administered at an output rate of 0.5 mL/min.  

[0527] In some embodiments, the aerosolized pharmaceutical composition is administered 

for less than 60 minutes, 50 minutes, 40 minutes, 30 minutes, 20 minutes, 15 minutes, 10 
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minutes or 5 minutes. In some embodiments, the aerosolized pharmaceutical composition is 

administered for less than 60 minutes, 50 minutes, 40 minutes, 30 minutes, 20 minutes, 15 

minutes, 10 minutes or 5 minutes. In some embodiments, the aerosolized pharmaceutical 

composition is administered for less than 5 minutes, 4 minutes, 3 minutes, 2 minutes or 1 

minute. In some embodiments, the aerosolized pharmaceutical composition is administered 

for less than 1 minute.  

105281 In some embodiments, the duration of nebulization ranges from 1 minute to 60 

minutes. In some embodiments, the duration of nebulization is less than or equal to 1 minute.  

In some embodiments, the duration of nebulization is less than or equal to 2 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 3 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 6 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 9 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 12 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 15 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 18 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 21 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 24 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 27 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 30 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 33 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 36 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 40 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 45 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 50 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 55 minutes. In some 

embodiments, the duration of nebulization is less than or equal to 60 minutes.  

[0529] In various embodiments, the volume of the composition administered by 

nebulization is 1 mL to 10 mL. In some embodiments, the volume of the composition 

administered by nebulization is at most about 1 mL. In some embodiments, the volume of the 

composition administered by nebulization is at most about 4 mL. In some embodiments, the 

volume of the composition administered by nebulization is at most about 8 mL.  
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C. Formulation of Pharmaceutical Compositions 

[05301 The disclosure also provides pharmaceutical compositions (e.g, in liquid form prior 

to aerosolization) comprising the LNPs described herein. Such compositions can be used for 

the treatment of a lung disease in a patient or subject. The pharmaceutical compositions of the 

disclosure may include a pharmaceutically acceptable carrier, and a thorough discussion of 

such carriers is available in Chapter 30 of Remington: The Science andPractice ofPharmacy 

(2 3 rd ed., 2021).  

[0531] In some embodiments, the composition of the present disclosure comprises LNPs 

for selective delivery to one or more of goblet cells, secretory cells, club cells, basal cells or 

ionocytes. In other embodiments, the aerosolized pharmaceutical composition comprises 

LNPs for selective delivery to one or more of ciliated cells, club cells, or basal cells.  

[05321 In some embodiments, the pharmaceutical compositions of the present disclosure 

include one or more of a poloxamer (e.g, Poloxamer 188) polyethylene glycol ("PEG"), 

sucrose, and a buffer, wherein the buffer comprises a citrate buffer, an acetate buffer, or a 

Tris buffer.  

[05331 In some embodiments, the LNPs of the present disclosure comprises a PEG with a 

concentration ranging from 1% to 4% (w/v). In other embodiments, the PEG has a 

concentration from 1% to 5%, or 2 to 4%.  

[0534] In some embodiments, the pharmaceutical compositions of the present disclosure 

include Poloxamer 188 at a concentration of between about 0.001% w/v and 0.5% v/w.  

[0535] In some embodiments, the pharmaceutical compositions of the present disclosure 

include sucrose. In some embodiments, the sucrose is at a concentration from 1% to 15% 

w/v, 5% to 15% w/v, 1% to 10% w/v, or 5% to 10% w/v.  

[0536] In some embodiments, the pharmaceutical compositions of the present disclosure 

includes a citrate buffer. For example, the citrate buffer is at a pH from 4 to 8. In various 

examples, the buffer is an acetate buffer and has a pH from 4 to 8. In still other embodiments, 

the composition includes a Tris buffer, and the Tris buffer has a pH from 4 to 8.  

[0537] In some embodiments, the pharmaceutical composition has a pH of 7.0, 7.1, 7.2, 

7.3, 7.4, 7.5, 7.6. 7.7, 7.8, 7.9, or 8.0. In some embodiments, the pharmaceutical composition 

has apparent pKa 4 to 7.  

[0538] In some embodiments, the pharmaceutical compositions comprising the LNPs 

described herein have at least one pharmaceutically acceptable excipient or carrier. In some 

embodiments, the pharmaceutically acceptable excipient or carrier is for nebuilzation of the 

presently described compositions.  
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[0539] In some embodiments, the pharmaceutical compositions can also include excipients 

and/or additives. Non-limiting examples of the excipients and/or additives are surfactants, 

stabilizers, complexing agents, antioxidants, or preservatives which prolong the duration of 

use of the finished pharmaceutical formulation, flavorings, vitamins, or other additives 

known in the art. The complexing agents include, but are not limited to, 

ethylenediaminetetraacetic acid (EDTA) or a salt thereof, such as the disodium salt, citric 

acid, nitrilotriacetic acid and the salts thereof In some embodiments, the preservatives 

include, but are not limited to, those that protect a solution from contamination with 

pathogenic particles, including benzalkonium chloride or benzoic acid, or benzoates such as 

sodium benzoate. The antioxidants include, but are not limited to. vitamins, provitamins, 

ascorbic acid, vitamin E. salts or esters thereof 

[0540] In some embodiments, one or more tonicity agents may be added to the presently 

described pharmaceutical composition to provide the desired ionic strength. The tonicity 

agents for use herein include those which display no or only negligible pharmacological 

activity after administration. Both inorganic and organic tonicity adjusting agents may be 

used.  

[0541] In some embodiments, the presently described methods comprise nebulizing the the 

presently disclosed compositions to generate an aerosolized LNP composition.  

IV. DEVICES 

[0542] In various aspects of the present disclosure, pulmonary drug delivery involves 

inhalation of the drug (e.g., for nasal, tracheal, or bronchial delivery). In some embodiments, 

an aerosol is a stable suspension of fine liquid particles (droplets) dispersed in a gas or vapor.  

In some embodiments, an LNP composition of the present disclosure having a payload is 

nebulized prior to inhalation by a subject. In other embodiments, an LNP composition of the 

present disclosure having a polynucleotide as a payload is nebulized prior to inhalation by a 

subject. In various embodiments, an LNP composition of the present disclosure having an 

mRNA molecule as a payload is nebulized prior to inhalation by a subject. In some 

embodiments, the LNP composition comprising CFTR mRNA is nebulized prior to 

inhalation. In some embodiments, the LNP composition comprising DNAI mRNA is 

nebulized prior to inhalation.  

[0543] A nebulizer is a device used to produce an aerosolized pharmaceutical composition 

for pulmonary drug delivery. A nebulizer transforms a liquid to a mist so that it can be 

inhaled more easily into the lungs. Nebulizers are effective for infants, children, and adults.  
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Nebulizers can nebulize large doses of inhaled medications. One type of nebulizer is ajet 

nebulizer, which comprises tubing connected to a compressor, which causes compressed air 

or oxygen to flow at a high velocity through a liquid medicine to turn it into an aerosol, 

which is then inhaled by a patient.  

[0544] In other embodiments, the nebulizer is an ultrasonic wave nebulizer, which 

comprises an electronic oscillator that generates a high frequency ultrasonic wave, which 

causes the mechanical vibration of a piezoelectric element, which is in contact with a liquid 

reservoir. The high frequency vibration of the liquid is sufficient to produce a vapor mist.  

Non-limiting exemplary ultrasonic wave nebulizers include the Omron NE-U17 and the 

Beurer Nebulizer IH30.  

[0545] In various embodiments, a nebulizer comprises a vibrating mesh technology 

(VMT). The VMT comprises mesh/membrane with 1000-7000 holes that vibrate at the top of 

a liquid reservoir and thereby pressures out a mist of very fine droplets through the holes in 

the mesh/membrane. Non-limiting exemplary VMT nebulizers include PARI* eFlow©t, 

Respironics i-Neb, Beurer Nebulizer IH50, Aerogen Aeroneb, HC Med deeprol, Pulmotree 

Kolibri Mesh-Nebulizer. and Philips InnoSpire Go.  

[0546] Nebulizers described herein includes anebulizer providing an increased amount of 

aerosol during inhalation while minimizing both aerosol losses during exhalation and the 

residual drug in the nebulizer reservoir (see, U.S. Patent No: 9,061,303, the contents of which 

is incorporated herein by reference in its entirety). The nebulizer includes an aerosol 

generator that atomizes the liquid through a vibrating diaphragm into particle sizes that are 

efficiently delivered to the lungs. This nebulizer is currently commercialized under the trade 

name eFlow@. U.S. Patent Application Nos. US 2005/0006359; US 2008/0311648; US 

2008/0060640 and U.S. Patent No. 5,518,179 disclose further aspects of the eFlowk 

technology and are incorporated herein by reference in their entireties.  

[0547] Nebulization principles generally involve a solution, such as an aqueous solution, 

being exposed to shear stresses, which may negatively affect the delicate nature of 

polynucleotides such as mRNA. However, the present disclosure provides that the eFlowR 

nebulizer can retain the integrity of the mRNA and LNP, and thus is suited for pulmonary 

administration of the LNP composition.  

[0548] In an aspect, a device suitable for pulmonary delivery can contain and be used to 

deliver a single dose of the LNP composition of the present disclosure. In another aspect, a 

device suitable for pulmonary delivery can contain and be used to deliver multi-doses of the 

LNP composition of the present disclosure.  
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[0549] A nebulizer type inhalation delivery device can contain the LNP compositions of 

the present disclosure as a solution, usually aqueous, a suspension, or a micellar suspension.  

For example, various embodiments of the presently described LNP compositions can be 

suspended in saline or buffer and loaded into the inhalation delivery device. In generating the 

nebulized spray of the LNP compositions for inhalation, the nebulizer delivery device may be 

driven ultrasonically, by compressed air, by other gases, electronically or mechanically (e.g..  

vibrating mesh or aperture plate). Vibrating mesh nebulizers generate fine particle, low 

velocity aerosols, and nebulize therapeutic solutions and suspensions at a faster rate than 

conventional jet or ultrasonic nebulizers. Vibrating mesh nebulizers amenable for use with 

the methods described herein include the Philips Respironics I-NebR, the Omron MicroAir, 

the Nektar Aeroneb*, the PARI* eFlow*, or the Aerogen* Solo.  

[05501 The nebulizer may be portable and handheld in design and may be equipped with a 

self-contained electrical unit. The nebulizer device may comprise a nozzle that has two 

coincident outlet channels of defined aperture size through which the liquid formulation can 

be accelerated. This results in impaction of the two streams and atomization of the 

formulation (e.g., any of the presently described LNP compositions). The nebulizer may use a 

mechanical actuator to force the liquid formulation through a multiorifice nozzle of defined 

aperture size(s) to produce an aerosol of the formulation for inhalation.  

V. KITS 

[05511 The present disclosure provides a variety of kits for conveniently and/or effectively 

performing the presently described methods or using the presently discribed compositions.  

Typically, the kits will comprise sufficient amounts and/or numbers of components to allow a 

user to perform multiple treatments of a subject and/or perform multiple experiments. In 

some embodiments, the kits include one or more containers comprising any of the presently 

described LNP compositions or a pharmaceutical composition thereof 

[0552] In one aspect, the present disclosure provides kits comprising the LNPs of the 

present disclosure. The disclosure further provides kits, which may be used to prepare the 

aerosolized pharmaceutical compositions. In some embodiment, a kit includes a lipid 

nanoparticle composition comprising one or more of a phospholipid, an ionizable lipid, a 

PEG-lipid, cholesterol, and a mesh. In some embodiments, the kit can further comprise 

packaging and instructions and/or a delivery agent to form, prior to nebulization, a liquid 

formulation comprising any of the presently described LNP compositions. The delivery 

agent can comprise sucrose, a saline, a buffer, such as, but not limited to a citrate buffer, an 
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acetate buffer, or a Tris buffer, or any other well known delivery agent for nebulization. In 

some embodiments, the delivery agent can be in a lyophilized form. The included 

instructions can comprise a description of administering the presently described LNP 

compositions to treat, delay the onset, or alleviate a target disease (e.g., CF and/or PCD). In 

some embodiments, the instruction can comprise a description of administering the presently 

described LNP compositions to a subject at risk of the target disease (e.g., CF and/or PCD).  

In some embodiments, the kits provide articles of manufacture comprising the contents of the 

kits described herein.  

[0553] In some embodiments, the instructions comprise dosage information, dosing 

schedule, and route of administration. In some embodiments, the kits comprise one or more 

the containers that are unit doses, bulk packages (e.g.. multi-dose packages) or sub-unit 

doses. In some embodiments, the instructions are written instructions on a label or package 

insert (e.g., a paper sheet included in the kit). In some embodiments, the instructions are 

machine-readable instructions (e.g., instructions carried on a magnetic or optical storage 

disk).  

[0554] In some embodiments, the label or package insert of the kits indicates that the LNPs 

or any of the pharmaceutical compositions disclosed herein are used for treating, delaying the 

onset, and/or alleviating a disease or disorder associated with lungs (e.g., CF and/or PCD).  

Instructions may be provided for practicing any of the treatment methods described herein.  

[05551 In some embodiments, the kits described herein are in suitable packaging. In some 

embodiments, suitable packing comprises vials, bottles, jars, flexible packaging (e.g. .seal 

Mylar@ or plastic bags), or combinations thereof In some embodiments, the packaging 

comprises packages for use in combination with a specific device such as a nebulizer, an 

inhaler, and/or nasal administration device (e.g.. an atomizer).  

[0556] In one aspect, the disclosure provides a kit comprising a composition and a 

nebulizer mask and/or a mesh suitable for use in a nebulizer.  

V. EMBODIMENTS 

A. LNP Composition 

[0557] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 

percentage of about 19%. cholesterol at a molar percentage of about 38%. DMG-PEG at a 
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molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40, and/or wherein a N/P ratio is about 13.  

[05581 In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 10.  

[0559] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%, DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0560] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%, DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25, and/or wherein a N/P ratio is about 9.  

[0561] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 37%, DOPE at a molar 

percentage of about 14%, cholesterol at a molar percentage of about 28%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 12.  

[0562] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 2 4 %, DODAP at a molar percentage of about 19%. DOPE at a molar 

percentage of about 18%, cholesterol at a molar percentage of about 3 6 %, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0563] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 

percentage of about 19%. cholesterol at a molar percentage of about 38%. DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0564] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 
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percentage of about 19%, cholesterol at a molar percentage of about 36%, DMG-PEG at a 

molar percentage of about 6%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0565] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 34%, DMG-PEG at a 

molar percentage of about 8%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0566] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20% DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 32%, DMG-PEG at a 

molar percentage of about 10%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0567] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 16%, DODAP at a molar percentage of about 16%. DOPE at a molar 

percentage of about 16%, cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0568] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 14%, DODAP at a molar percentage of about 2 2 %. DOPE at a molar 

percentage of about 11% cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25.  

[0569] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage of about 15%, DODAP at a molar percentage of about 16%. DOPE at a molar 

percentage of about 22%, cholesterol at a molar percentage of about 44%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 36.  

[05701 In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage from about 13% to about 15%, DODAP at a molar percentage from about 15% to 

about 2 5 %, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 40% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  
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[0571] In some embodiments, the LNP composition comprises 4A3-SC7 at a molar 

percentage from about 10% to about 20%, DODAP at a molar percentage from about 15% to 

about 25%, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 30% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  

B. CFTR payload 

[0572] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 7 5%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1. 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40, and/or wherein a N/P ratio is about 13.  

[05731 In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 10.  

[0574] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 7 5 %, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%, DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0575] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%, DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 
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molar percentage of about 3%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25, and/or wherein a N/P ratio is about 9.  

[05761 In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 37%. DOPE at a molar 

percentage of about 14%, cholesterol at a molar percentage of about 28%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 12.  

[0577] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 24%, DODAP at a molar percentage of about 19%, DOPE at a molar 

percentage of about 18%, cholesterol at a molar percentage of about 36%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0578] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0579] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polvnucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 36%, DMG-PEG at a 

molar percentage of about 6%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0580] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 
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percentage of about 19%, cholesterol at a molar percentage of about 34%, DMG-PEG at a 

molar percentage of about 8%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0581] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 

percentage of about 19%. cholesterol at a molar percentage of about 32%. DMG-PEG at a 

molar percentage of about 10%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[05821 In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 16%, DODAP at a molar percentage of about 16%, DOPE at a molar 

percentage of about 16%, cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 4%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0583] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 14%, DODAP at a molar percentage of about 2 2 %. DOPE at a molar 

percentage of about 11%, cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 3%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25.  

[05841 In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage of about 15%, DODAP at a molar percentage of about 16%. DOPE at a molar 

percentage of about 22%, cholesterol at a molar percentage of about 44%, DMG-PEG at a 

molar percentage of about 3%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 36.  

[0585] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 1, 4A3-SC7 at a molar 
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percentage from about 13% to about 15%, DODAP at a molar percentage from about 15% to 

about 25%, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 40% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  

[0586] In some embodiments, the LNP composition comprises a RNA encoding a CFTR 

protein, optionally having a polynucleotide sequence at least 7 5%, at least 80%, at least 8 5 %, 

at least 90%
, at least 95%, or 1 0

0 % identical to SEQ ID NO: 1, 4A3-SC7 at a molar 

percentage from about 10% to about 20%, DODAP at a molar percentage from about 15% to 

about 25%, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 30% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  

C. DNAI1 payload 

[05871 In some embodiments, the LNP composition comprises a RNA encoding a DNAII 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40, and/or wherein a N/P ratio is about 13.  

[0588] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 10.  

[0589] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%, DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 
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molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[05901 In some embodiments, the LNP composition comprises a RNA encoding a DNAII 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 28%. DOPE at a molar 

percentage of about 17%, cholesterol at a molar percentage of about 33%, DMG-PEG at a 

molar percentage of about 3%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25, and/or wherein a N/P ratio is about 9.  

[0591] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 37%, DOPE at a molar 

percentage of about 14%, cholesterol at a molar percentage of about 28%, DMG-PEG at a 

molar percentage of about 3%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 12.  

[0592] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 24%, DODAP at a molar percentage of about 19%. DOPE at a molar 

percentage of about 18%, cholesterol at a molar percentage of about 36%, DMG-PEG at a 

molar percentage of about 4%, wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0593] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polvnucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 38%, DMG-PEG at a 

molar percentage of about 4%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0594] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 
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percentage of about 19%, cholesterol at a molar percentage of about 36%, DMG-PEG at a 

molar percentage of about 6%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0595] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%. DOPE at a molar 

percentage of about 19%. cholesterol at a molar percentage of about 34%. DMG-PEG at a 

molar percentage of about 8%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[05961 In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 8 5 %, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 19%, DODAP at a molar percentage of about 20%, DOPE at a molar 

percentage of about 19%, cholesterol at a molar percentage of about 32%, DMG-PEG at a 

molar percentage of about 10%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[0597] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 16%, DODAP at a molar percentage of about 16%. DOPE at a molar 

percentage of about 16%, cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 4%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 40.  

[05981 In some embodiments, the LNP composition comprises a RNA encoding a DNAII 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage of about 1 4 %, DODAP at a molar percentage of about 2 2 %. DOPE at a molar 

percentage of about 11%, cholesterol at a molar percentage of about 50%, DMG-PEG at a 

molar percentage of about 3%, and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 25.  

[0599] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 
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percentage of about 15%, DODAP at a molar percentage of about 16%, DOPE at a molar 

percentage of about 22%, cholesterol at a molar percentage of about 44%, DMG-PEG at a 

molar percentage of about 3% and/or wherein the LNPs comprise a total lipid to RNA 

(weight/weight) ratio of about 36.  

[0600] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4. 4A3-SC7 at a molar 

percentage from about 13% to about 15%, DODAP at a molar percentage from about 15% to 

about 25%, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 40% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  

[0601] In some embodiments, the LNP composition comprises a RNA encoding a DNAIl 

protein, optionally having a polynucleotide sequence at least 75%, at least 80%, at least 85%, 

at least 90%, at least 95%, or 100% identical to SEQ ID NO: 4, 4A3-SC7 at a molar 

percentage from about 10% to about 20%, DODAP at a molar percentage from about 15% to 

about 2 5 %, DOPE at a molar percentage from about 10% to about 25%, cholesterol at a 

molar percentage from about 30% to about 60%, DMG-PEG at a molar percentage from 

about 2% to about 6%, wherein the LNPs comprise a total lipid to RNA (weight/weight) ratio 

from about 20:1 to about 40:1.  

D. Gene-editin2 payload 

[0602] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 3 8 %, DMG-PEG at a molar percentage of about 4%, wherein the LNPs comprise a 

total lipid to RNA (weight/weight) ratio of about 40, and/or wherein a N/P ratio is about 13.  

[0603] In some embodiments, the LNP composition comprises one or more components for 

gene editing. 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 3 8 %, DMG-PEG at a molar percentage of about 4%, wherein the LNPs comprise a 

total lipid to RNA (weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 10.  

[06041 In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 
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about 28%, DOPE at a molar percentage of about 17%, cholesterol at a molar percentage of 

about 33 %, DMG-PEG at a molar percentage of about 3%, wherein the LNPs comprise a 

total lipid to RNA (weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[0605] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 28%, DOPE at a molar percentage of about 17%, cholesterol at a molar percentage of 

about 3 3 %, DMG-PEG at a molar percentage of about 3%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 25, and/or wherein a N/P ratio is 

about 9.  

[0606] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 37 %, DOPE at a molar percentage of about 14%, cholesterol at a molar percentage of 

about 28%, DMG-PEG at a molar percentage of about 3%, wherein the LNPs comprise a 

total lipid to RNA (weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 12.  

[0607] In some embodiments, the LNP composition comprises one or more components for 

gene editing. 4A3-SC7 at a molar percentage of about 24 %, DODAP at a molar percentage of 

about 19%, DOPE at a molar percentage of about 18%, cholesterol at a molar percentage of 

about 36%, DMG-PEG at a molar percentage of about 4%, wherein the LNPs comprise a 

total lipid to RNA (weight/weight) ratio of about 30, and/or wherein a N/P ratio is about 11.  

[06081 In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 38%, DMG-PEG at a molar percentage of about 4%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 40.  

[06091 In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 36%, DMG-PEG at a molar percentage of about 6%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 40.  

[0610] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%, DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 34%, DMG-PEG at a molar percentage of about 8%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 40.  
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[0611] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 19%. DODAP at a molar percentage of 

about 20%, DOPE at a molar percentage of about 19%, cholesterol at a molar percentage of 

about 32%, DMG-PEG at a molar percentage of about 10%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 40.  

[0612] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 16 %, DODAP at a molar percentage of 

about 16%, DOPE at a molar percentage of about 16%, cholesterol at a molar percentage of 

about 50%, DMG-PEG at a molar percentage of about 4%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 40.  

[06131 In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 14%, DODAP at a molar percentage of 

about 22%, DOPE at a molar percentage of about 11%, cholesterol at a molar percentage of 

about 50%, DMG-PEG at a molar percentage of about 3%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 25.  

[06141 In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage of about 15%, DODAP at a molar percentage of 

about 16%, DOPE at a molar percentage of about 22%, cholesterol at a molar percentage of 

about 44%, DMG-PEG at a molar percentage of about 3%, and/or wherein the LNPs 

comprise a total lipid to RNA (weight/weight) ratio of about 36.  

[0615] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage from about 13% to about 15%, DODAP at a 

molar percentage from about 15% to about 25%, DOPE at a molar percentage from about 

10% to about 25%, cholesterol at a molar percentage from about 40% to about 60%, DMG

PEG at a molar percentage from about 2% to about 6%, wherein the LNPs comprise a total 

lipid to RNA (weight/weight) ratio from about 20:1 to about 40:1.  

[0616] In some embodiments, the LNP composition comprises one or more components for 

gene editing, 4A3-SC7 at a molar percentage from about 10% to about 20%, DODAP at a 

molar percentage from about 15% to about 25%, DOPE at a molar percentage from about 

10% to about 25%, cholesterol at a molar percentage from about 30% to about 60%, DMG

PEG at a molar percentage from about 2% to about 6%, wherein the LNPs comprise a total 

lipid to RNA (weight/weight) ratio from about 20:1 to about 40:1.  
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EXAMPLES 

EXAMPLE 1 

[0617] This example describes experiments to show nebulization of aliquid pharmaceutical 

compositions containing mRNA-containing LNPs prepared using the lipid composition 

termed "Composition A." FIG. 1 shows a schematic of criteria used to evaluate aerosolized 

pharmaceutical compositions. Composition A includes 4A3-SC7. 14:0 EPC, DOPE, 

cholesterol, and DMG-PEG at molar percentages of about 19% about 20%, about 19%, 

about 39%, and about 3.8 %, respectively; and its lipid to RNA (weight/weight) ratio is about 

30. This formulation is used to deliver mRNA encoding DNAIl for treatment of PCD.  

Table 9. Criteria for assessing LNP compositions 

Nebulization Rate (mL/min) Treatment times < 20 min (as short as possible) 

Impact on LNPs Encapsulation Efficiency (> 70%) 

mRNA Integrity (D < 10%) 

Post-Nebulization LNP Size (nm) 

Polydispersity 

Minimal changes in percent encapsulation 

efficiency (%EE) 

RNA integrity 

Aerosol characteristics Mass Median Aerodynamic Diameter - MMAD 

(pm) 

Geometric Standard Deviation - GSD 

Fine Particle Fraction - % FPF (<5.3 im) 

Predicted Lung deposition pattems 

(%Tracheobronchial target region) 

[0618] To establish a baseline, the PARI* eFlow* nebulizer device was operated using 0.lx 

phosphate buffered saline (PBS) as the input solution. Nebulization rates are shown in 

FIG. 2. The device was timed to deliver 1 mL of input material. The observed nebulization 

rate increased with increasing mesh size (40 HO V > 35 V > 35 NV > 30 V > 30 NV; V = 

vented, NV=not vented), with moderate variation between trials with different versions of the 

same head (#1-5).  

[0619] Composition A/DNAIl at 1.0 mg/ml in 15mM Tris pH 7.5 containing 10% sucrose 

or 2mL of 0.1x PBS (Baseline) were nebulized to estabilish PARI* eFlow© nebulization rate.  
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Output rates are shown in FIG. 3. Left circles on each colume indicate baseline, while right 

circles on each colume indicate Composition A 1 mg/mL. Nebulization rate of Composition 

A showed similar rate in 30 NV and 30 V. while the output rate was increased with 

increasing mesh size (0 HO V > 35 V > 35 NV > 30 V = 30 NV; V = vented, NV= not 

vented).  

[0620] Predicted and actual nebulization times were compared for baseline (FIG. 4A) or 

Composition A/DNAIl lipid nanoparticles at I mg/mL (FIG. 4B) in PARI* eFlow@ device 

and Aerogen PDAP. In baseline experience, non-existent changes in actual nebulization times 

were observed in three PARI*eFlow* configurations and Aerogen PDAP. However, there 

were moderate increases of actual Composition A nebulization times (between 8 and 18%) 

using three eFlow* configurations (30 V, 35 V, and 40 HO V). Also, more drastic increase of 

actual Composition A nebulization time (36%) was observed when using Aerogen PDAP.  

[0621] Encapsulation efficiency (%) and mRNA integrity were selected to determine 

nebulization impact on lipid nanoparticles. Encapsulation efficiency (%) was measured using 

Composition A/DNAIl at 1.0 mg/ml in 15mM Tris pH 7.5 containing 10% sucrose. Aerosols 

were collected and analyzed every 2 min over duration of 8 mL full reservoir nebulization in 

various PARI* eFlow* configurations and Aerogen PDAP (FIG. 5). At 10 minutes, the 

encapsulation efficiency of 40 HO V and 35 V were dropped slightly below 70% (68% and 

65% respectively). The average encapsulation efficienty over the course of nebulization was 

>80% for both 40 HO V and 35 V. Aerogen PDAP remained >70% of encapsulation 

efficiency for the entire duration of nebulization. The encapsulation efficiency of 30 V 

decreased to 60% over 10 minutes before plateuing for the remaining time between 10 and 20 

minutes. Additional encapsulation efficienty data for 40 HO V are shown in FIG. 6. The 

encapsulation efficiency of 40 HO V 1st 4mL was slightly below 80% while 40 HO V 2nd 

4mL was about 75%.  

[0622] mRNA integrity was also tested to measure the impact of nebulization (FIG. 7).  

Composition A/DNAIl at 1.0 mg/ml in 15mM Tris pH 7.5 containing 10% sucrose was 

subjected and its aerosols were collected and analyzed every 2 min over duration of 8 mL full 

reservoir nebulization. mRNA integritiy was calculated by A(RNA integrity = RNAipost-ne 

RNAipre-.ne). At final time points (10 minutes), only the mRNA integrity of 40 HO V and 35 

V were slightly exceeded 10% (10.2% and 11.3%, respectively).  

[0623] Mesh nebulizer device were compared by Mass Median Aerodynamic Diameter 

(MMAD; pm). Geometric Standard Deviation (GSD), and Fine Particle Fraction (FPF; <5.3 

pm) (data shown in Table 10 below).  
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Table 10. Comparison of mesh nebulizer device 

Formulation Aerogen Aerogen Pari 30 V Pari 35 V Pari35 Pari40 
SOLO PDAP HOV HOV 

3.47 4.34.93 
MMAD (pm) 3.58 tm 4.11 pm 3.7 4.23 (4.24) 

(3.33) (3.78) (.4 

GSD 2.198 1.781 176 953) 2.06 .63) 

FPF % 61 60 73.5 5809.4 081) 
(84.0) (76.0) (41 

Nebulization Rate 212 531 435 630 740 885 
[pL/min] 

Nebulization time 38 min 28 min 21 min 15 min N/A 12 min 
8mL fillI 

[0624] Aerosol data were obtained using Phase I formulation (Composition A/DNAI Iat 1 

mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose). Values in brackets were obtained 

under Study No.: WU010 "Feasibility study for the nebulization of an mRNA in lipid 

nanoparticles inhalation formulation by ReCode Therapeutics with eFlow Technology" using 

a Laser diffraction analyzer, Helos BR, Sympatec GmbH at PARI* eFow* using 

Composition A/DNAIl at 0.5mg/ml in 15 mM HEPES/Na-phosphate pH 7.4 containing 10% 

sucrose.  

[0625] To predict deposition pattern, multiple-path particle dosimetry (MPPD) Yeh/Schum 

symmetric airway morphometry model was used as defaults for healthy human adult oral 

breathing scenario. Table 11 below shows percentage of lipid nanoparticles in each target 

region (Head; TB--tracheobronchial; P=peripheral airway), using both a model device and a 

predictive algorithm. Measured by pg/cm2, most of lipid nanoparticles were targeted to TB.  

Table 11. Deposition pattern of mesh nebulizer device 

Aerogen Pari35 Pari40 
Target region SOLO Pari 30 V Pari 35 V 

PDAP HOV HOV 

Total (%) 55.2 60.2 54.7 61.8 60.5 64.6 

Head (%) 16.1 15.6 11.2 18.0 19.5 26.8 

TB (%) 18.1 20.1 17.9 20.6 19.9 20.0 

P (%) 20.9 24.5 25.6 23.2 21.2 17.8 
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Assuming max fill vol = 8 mL delivery @a1 mg/mL, BW = 60 kg and Head = 470 cm2, TB= 

2,690 cm2 (290 [1-8] + 2400 [9-15] cm2), P = 1.475,000 cm 2 

Total (mg/kg) 0.074 0.080 0.073 0.082 0.081 0.086 

Head (mg/cm 2) 2.7 2.7 1.9 3.1 3.3 4.6 

1-8 5.0 5.5 4.9 5.7 5.5 5.5 

TB Trachea+bronchi 

(mg/cm 2 ) 9-15 0.6 0.7 0.6 0.7 0.7 0.7 

bronchioles 

P (mg/cm 2) 0.0011 0.0013 0.0014 0.0013 0.0012 0.0010 

[0626] Encapsulation efficiency(%) in PART* eFlow* nebulizer heads were measured 

using Composition A/DNAIl at 1.0 mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose 

(FIGs. 8A-8C). Each head configurations were evaluated at slow, median and fast. Left 

circles on each colume indicate original, middle circles on each colume indicate reservoir, 

and right circles on each colume indicate nebulized.  

[0627] Hydrodynamic diameter (nm) in PARI* eFlow* nebulizer heads were measured 

using Composition A/DNAII at 1.0 mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose 

(FIGs. 9A-9C). Each head configurations were evaluated at slow, median and fast. Left 

circles on each colume indicate original, middle circles on each colume indicate reservoir, 

and right circles on each colume indicate nebulized.  

[0628] Polvdispersity index in PART*eFlow* nebulizer heads were measured using 

Composition A/DNAIl at 1.0 mg/mi in 15 mM Tris pH 7.5 containing 10% sucrose (FIGs.  

10A-C). Each head configurations were evaluated at slow, median and fast. Left circles on 

each colume indicate original, middle circles on each colume indicate reservoir, and right 

circles on each colume indicate nebulized.  

[0629] Hydrodynamic diameter (nm) in PARI* nebulizer heads were measured using 

Composition A/DNAIl at 1.0 mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose 

(FIG.11).  

[0630] Polydispersity index in PARI* nebulizer heads were measured using Composition 

A/DNAIl at 1.0 mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose (FIG. 12).  

[0631] Composition A/DNAIl at 1.0 mg/ml in 15 mM Tris pH 7.5 containing 10% sucrose 

were subjected to PARI* eFlow* nebulizer to determine concentration (mg/mL), 
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encapsulation efficienty (%), hydrodynamic diameter (nm), and polydispersity index (FIGs.  

13A-13D) in 40 HO Fastest configuration.  

[06321 Aerodynamic particle size distribution (aPSD) was determined using a Next 

Generation Impactor (NGI). Drug deposition (pg) in various stages were measured in 40 HO 

V (FIG. 14A) and 30 HO V (FIG. 14B) nebulization head configurations. FIG. 14C shows 

aerosol characterization of each stage. Stage 4 and 5 simulated central airways (Trachea, 

primary and secondary bronchi), which may be desirable for treatment of disease in that 

section of the airways. In 40 HO V configuration, more than 50 pg of drug depositions were 

observed in stage 3, stage 4 and stage 5. Moreover, stage 2 showed about 40 g of drug 

deposition and stage 1 and stage 6 showed more than 20 pg of drug deposition. In 30 HO V 

configuration, stage 4 and stage 5 showed more than 50 pg of drug depostions. However, 

unlike 40 HO V configuration, 30 HO V showed more than 20 pg of drug deposition in stage 

3 and stage 6. These results show that 40 HO V configuration had better desirable treatment 

effect on lung disease.  

[0633] The multiple-path particle dosimetry (MPPD) model was adapted to the PARI* 

nebulizer in various head configurations. Aerodynamic particle size distribution (aPSD) was 

determined using a Copley@ Next Generation Impactor (NGI) according to manufacturer's 

instructions. Tested nebulizers included the Aerogen@ Solo from Aerogen(R and the PARI* 

eFlow* nebulizer device.  

[06341 To calculate the deposition and clearance of monodisperse and polydisperse 

aerosols in the respiratory tracts, the multiple-path particle dosimetry (MPPD) model had 

been adapted. Results are shown in FIG. 15A (with the Aerogen* Solo), FIG. 15B 

(Aerogen*®PDAP). and FIGs. 16A-E (PARI* eFlow*).  

EXAMPLE 2 

[0635] To develop improved methods for determining the amount of lipid nanoparticles 

(LNPs) in an aerosolized pharmaceutical composition, different compositions of extraction 

solutions, different volumes of extraction solution, and duration of extraction were evaluated 

as shown in FIG. 17A. LNP samples were pipetted onto the GF filters, dried at room 

temperature and were placed in 50 mL polypropylene tubes. The extraction conditions are 

shown in FIG. 17A. Specified amounts of extraction solutions were added to the tubes and 

the tubes were shaken at 200 rpm for specified amount of time to extract the lipids from the 

LNP sample-deposited filters. Controls were prepared for each experiment by directly 

diluting same amount of LNP sample into the extraction solution in a 50 mL polypropylene 
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tube and were shaken at 200 rpm for the same amount of time. Supernatant were transferred 

to HPLC vials and were loaded on a HPLC system. Reversed-phase liquid chromatography 

was used to assess the quantity and the composition of lipids from the LNP samples that were 

extracted from the glass fiber filters. Samples were injected onto a Waters Acquity UPLC 

CSH C18, 1.7 pm column with 2.1 mm ID and 50 mm length using water / DFA (100:0.05 

v/v) solution as mobile phase A and methanol/acetonitrile/DFA (80:20:0.05 v/v/v) as mobile 

phase B. Output rate was set to 0.4 m/min and the column temperature was set to 65 °C.  

Gradient started at 80% B and was ramped up to 100% B in 7 minutes. Lipids were detected 

using a charged aerosol detector with the evaporator temperature set to 50 °C. All five lipids 

(14:0 EPC, 4A3-SC7, cholesterol, DMG-PEG2k, and DOPE) were baseline separated and the 

peak area values of each lipid extracted from the filters were compared to that of the control 

sample to obtain the percent efficiency of extraction. As shovn in FIGs. 17A-17B, extraction 

efficiency was increased when the proportion of water, total volume of extraction solution 

and the duration of the extraction increased (experiment 1 to 4). However, extraction 

efficiency of 14:0 EPC lipid, which is positively charged, still showed lower extraction 

efficiency than the other four lipids. Surprisingly, addition of ammonium acetate in the 

extraction solution resulted in over 94% extraction yield, similar to that of other neutral lipids 

in the formulation. Ammonium acetate salt is compatible with reversed-phase 

chromatography column, charged aerosol detector, mass spectrometry.  

[06361 An HPLC method was used to quantitate lipids and to evaluate lipid fractions of 

nebulized LNP samples deposited onto GF filters. For the quantitation of each lipid, a set of 

standard solutions that contained all five lipids was prepared. Concentrated standard stock 

solution was prepared by dissolving five lipids into a 100 mL volumetric flask with 

isopropanol. Aliquots of the standard stock solutions were stored at -80 °C. The day of HPLC 

analysis, an aliquot of stock solution was diluted using the extraction solution to make three 

or four standard solutions with different concentrations to cover the estimated concentration 

range of filter extracted samples. Peak areas of lipids were used to generate a standard curve 

for each lipid. Within the concentration range used in this study the CAD signal is linear for 

all five lipids. Total lipid weight was obtained by adding lipid weights of all the lipids in the 

formulation.  

[0637] The HPLC-lipid analysis method was compared to two orthogonal methods: 

gravimetric analysis and RiboGreen assay (FIGs. 18A-18C). Gravimetric data was generated 

by weighing the GF filters before and after the nebulized LNP samples were deposited and 

dried. RiboGreen assay was performed to quantitate the amount of mRNA that was deposited 
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onto the filters. Weight of mRNA deposited onto the filters was derived from the gravimetric 

data based on the theoretical composition of the deposited formulation shown below: 

[0638] Total dry weight = mRNA (0.75%) + total lipids (22.59%) + sucrose (75.29%) + 

Tris (1.37%) 

[0639] Weight of mRNA was calculated from the HPLC-lipid data using the theoretical 

ratio of mRNA and lipid in the formulation (1:30). Weight of mRNA values obtained from 

RiboGreen assay, and the weight values derived from gravimetric data as well as HPLC data 

were then divided by the total sample volume resulting in Ec (mRNA; pg/L) values.  

Comparison of the calculated Ec (mRNA) values from three different methods are shown in 

FIG. 18A. Data shows there was a good correlation between the three methods.  

[0640] Lipid fraction data obtained from HPLC method were compared to theoretical 

values in FIGs. 19A-19B. Average lipid weight fraction and standard deviations of each lipid 

for each study were calculated. The lipid weight fraction of each individual lipid showed 

small variation between each study and the theoretical values. Filter storage condition study 

revealed that storage of the filters at 4°C or -80°C did not show a significant difference in the 

recovery percentage (FIGs. 20A-20B).  

[0641] In order to assess the generalizability of the lipid extraction method developed 

herein, extraction efficiency of another LNP formulation was evaluated. Composition B 

formulation which contains DODAP instead of 14:0 EPC was deposited onto glass fiber 

filters and extracted with 8 mL of 50 mM ammonium acetate / isopropanol (40:60 v/v) 

solution for 60 min at 200 rpm. DODAP as well as other lipids in the formulation were all 

efficiently extracted as shown in FIG. 21A. Chromatograms of control sample and extracted 

lipid sample are shown in FIG. 21B.  

[0642] A mass spectrometer can be used as an alternative to the charged aerosol detector 

(CAD). A Liquid chromatography-mass spectrometry (LC-MS) method was developed to 

quantitate lipids and evaluate lipid fractions. The HPLC system used in LC-MS method was 

SCIEX ExionLC. All liquid chromatography conditions including column, mobile phase 

solutions, gradient program, and column temperature were set the same as in HPLC method 

section. The mass spectrometry system used in LC-MS method was SCIEX Q-Trap 7500 

equipped with a triple quadrupole analyzer. The MS was operated in positive-mode and the 

analyzer was set in the multiple reaction monitoring (MRM) mode for the analysis of lipids.  

To compare the results with HPLC method, filter extracted samples of formulation 

Composition B (DODAP, 4A3-SC7. cholesterol, DMG-PEG2k, and DOPE) were analyzed 

by LC-MS. The LC-MS conditions for quantitation of each lipid are summarized in Table 12.  
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On the day of LC-MS analysis, all filter extracted samples were diluted by 100 times using 

extraction solution, and an aliquot of stock solution was diluted using the extraction solution 

to make three or four standard solutions with different concentrations to cover the estimated 

concentration range of diluted filter extracted samples. Peak areas of lipids were used to 

generate a standard curve for each lipid. Within the concentration range used in this study the 

LC-MS signal was linear for all five lipids. Total lipid weight obtained from LC-MS method 

were compared to values obtained from gravimetric and HPLC method in FIGs. 21C-21E.  

Lipid fraction data were calculated based on LC-MS results and compared to theoretical 

values and HPLC results in FIG. 22.  

Table 12. Paremeters for LC-MS Acruisition Method 

MS Settings 

Ionization Mode Electrospray Ionization (ESI), positive ion mode 

Scan Mode Multiple Reaction Monitoring (MRM) 

Scan Time (msec) 250 

Voltage 2700 

Ion Source Gas 1 50 
(GS1, psi) 

Ion Source Gas 2 70 
(GS2, psi) 

Temperature (TEM) 4500C 

Curtain Gas (CUR, 45 
psi) 

Collision Gas (CAD) 6 

Interface Heater On 
(IHE) 

DMG
Components 4A3-SC7 DODAP Cholesterol PEG2k DOPE 

.. 706.4-> 648.9 369.7-> 841.2-> 744.8
MRMTransitions 245.2 -- 366.4 105.0 759.4 603.5 

Collision Energy (CE) 35 40 66 29 30 

Entrance Potential 10 10 10 10 10 
(EP) 

Collision Cell Exit 13 17 13 34 27 
Potential (CXP) 

Note: These tune parameters may be adjusted to optimize instrument sensitivity 

[0643] LNP samples were pipetted onto polypropylene filters, dried for 30 min and were 

placed in 50 mL polypropylene tubes with 20 mL of the extraction solution (13:1, v/v, 2% 
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Triton X / 40mg/mL Heparin). Samples were placed on a shake plate at 150 rpm for 30 min.  

diluted as shown in Table 13 and subjected to Ribogreen assay to analyze extracted mRNA 

(data shown in Table 14).  

Table 13. Dilution of the samples 

Volume Volume 

of of Volume of 

HPLC sample 1:1 (v/v) Nominal Conc. of RNA (before adding 

Water from Water/ES Ribogreen) (pg/mL) 

(pL) step 2 (pL) 
(pL) 

Sample 1 500 500 4000 2.5 
Sample 2 500 500 4000 2.5 
Sample 3 500 500 4000 2.5 
Control 500 500 4000 2.5 

Table 14. Ribogreen assay results 

Measured Calculated 
mRNA mRNA Mass of mRNA 
onc. C onc. from the Recovery 

Intensity in the n Filter/Control (Extraction 
Assay formulation (pg) Efficiency) 

(g/mL) (mg/mL) 

Run 1 

Sample 1 137251 1.283 1.026 513.2 92.66% 

Sample 2 11705 0.045 0.036 18.0 3.26% 

Sample 3 84403 0.762 0.609 304.7 55.03% 

Control 147553 1.384 1.108 553.8 

Run2 

Sample 1 130834 1.245 0.996 497.8 90.01% 

Sample 2 11239 0.045 0.036 17.9 3.23% 

Sample 3 81835 0.753 0.602 301.2 54.46% 

Control 144600 1.383 1.106 553.1 

[0644] The results show that recovery of sample 1 is 92.66% and 90.01%. Sample 

preparation method is further optimized to improve the extraction efficiency by using RNS

free certified tubes during sample preparation.  
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[0645] Samples were pipetted onto polypropylene filters, dried for 1 h and were placed in 

50 mL polypropylene tubes (RNS-free tube) with 20 mL of the extraction solution (13:1. v/v, 

2% Triton X / 40mg/mL Heparin). Samples were placed on a shake plate at 180 rpm for I h.  

diluted as shown in Table 13 and subjected to Ribogreen assay to analyze extracted mRNA 

(data shown in Table 15). Extraction efficiency is calculated by comparing the mRNA 

content of the samples extracted from the filters with that of control samples. The results 

showed improved extraction efficiency.  

Table 15. Ribogreen assay results 

Measured Calculated 
mRNA mRNA Mass of mRNA 

n. Cc.on. from the Recovery 
Intensity in the Filter/Control (Extraction 

Assay formulation (pg) Efficiency) 

Plate (mg/mL) 

Run1 

Sample 1 142078 1.345 1.076 538.2 99.32% 

Sample 2 142328 1.348 1.078 539.1 99.50% 

Sample 3 141766 1.342 1.074 537.0 99.10% 

Control 1 143492 1.359 1.087 543.6 

Control 2 142574 1.350 1.080 540.1 

Run 2 

Sample 1 146711 1.377 1.101 550.6 99.73% 

Sample 2 147398 1.383 1.107 553.3 100.21% 

Sample 3 147206 1.381 1.105 552.6 100.08% 

Control 1 148148 1.390 1.112 556.2 

Control 2 146034 1.370 1.096 548.0 

[06461 An extraction method was developed to quantitate mRNA from LNP deposited 

polypropylene filters by increasing the filter drying time, extraction time, and shake speed, 

the percent recovery improved. Second extraction method is efficient to extract mRNA from 

the formulation-deposited polypropylene filter, the extraction efficiency is within 99.7 ±0.2 

% with RiboGreen.  

[06471 An RP-HPLC method was developed to quantitate mRNA from the extracted 

solution.  
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Table 16. HPLC method 

Instrumentation Agilent 1200 

Column DNAPac RP, 4 m 

Format 2.1 x 50 mm 

Mobile phase A 0.1 M TEAA, pH 7.0 

Mobile phase B Acetonitrile 

Needle wash Water/ Acetonitrile (90:10 v/v) 

Gradient: Time (min) %A %B 

0.0 90.0 10.0 

2.0 5.0 95.0 

3.0 5.0 95.0 

3.1 90.0 10.0 

7.0 90.0 10.0 

Flow rate 0.4 mL/min 

Colunm Temp 60 °C 

Detection UV (260 nm) 

Sample mRNA 

Injection vol 4 pL 

Sampler Temp 5 °C 

Table 17.  

PeakArea Recovery Recovery 
HPLC RigoGreen (Ave) 

Control 1 205.9 

Control 2 209.9 

Sample 1 201.5 96.9% 99.5% 

Sample 2 199.9 96.2% 99.9% 

Sample 3 200.1 96.2% 99.6% 

[06481 The HPLC results showed similar to RiboGreen results (99.7% with RiboGreen and 

96.4% with RP-HPLC).  
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[0649] To demonstrated that this extraction method works for glass fiber filters as well as 

polypropylene filters, additionally performed experiment using glass fiber filters (data shown 

in Table 18).  

Table 18. mRNA extraction using glass fiber filters 

Calculated mRNA Recovery 

PeakArea Conc.  

(mg/mL) HPLC 

Control 1 91.70 1.078 

Control 2 94.65 1.114 

Sample 1 90.15 1.059 96.8% 

Sample 2 89.10 1.046 95.6% 

Sample 3 89.30 1.048 95.8% 

Average 96.1% 

EXAMPLE 3: DODAP VS. NON-DODAP LNPS 

[0650] CFTR mRNA was incorporated into various LNP compositions: DODAP

containing Composition B and various non-DODAP lipid nanoparticles (400 pL for 

Composition A and Composition H) stored in 1x phosphate buffered saline (PBS). The 

compositions were nebulized using a VitroCell@ system with a mesh nebulizer to deliver 

aerosolized LNPs to primary human Bronchial Epithelials (hBE). CFTR function was 

measured. The composition of the nanoparticles used in the study is shown below in Table 

13. The result showed DODAP-containing lipid nanoparticle Composition B had the most 

effect on CFTR function (Data shown in FIG. 30).  

Table 19. LNP Compositions (mole percent) 

Composition SORT 4A3-C7/SORT DOPE Cholesterol DMG- Lipid:mRNA 
5A2-5C8 2R DOPE 38.09 PEG ( 4) 

B DODAP 19.05 20 19.05 38.09 3.81 40 

F DODAP 19.05 20 19.05 38.09 3.81 40 

G non- 14.29 40 14.29 28.57 2.86 40 
DODAP 

A non- 19.05 20 19.05 38.09 3.81 30 
DODAP 

H non- 19.05 20 19.05 38.09 3.81 30 
DODAP _________ 
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I DoD-P 22.62 5 22.62 45.24 4.52 40 
_______DODAP____ 

J non- 24.43 10 21.43 42.85 4.29 30 
DODAP 

K non- 22.62 5 22.62 45.24 4.52 40 DODAP 

L DODAP 23.52 27.44 24.52 20.44 4.09 27 

M DODAP 11.99 38.97 24.52 20.44 4.09 31 

N non- 26.16 24.79 24.52 20.44 4.09 26 DODAP 

A non
DODAP 19.05 20 19.05 38.09 3.81 40 

0 non 22.62 5 22.62 45.24 4.52 30 
_______DODAP____ 

P non- 19.05 20 19.05 38.09 3.81 40 
_______DODAP____ 

Q non- 19.05 20 19.05 38.09 3.81 40 
Sitosterol DODAP_________ 

EXAMPLE 4: DODAP-CONTAINING LIPID NANOPARTICLES 

[0651] Further experiments were performed on DODAP-containing lipid nanoparticles 

with lower lipid:RNA ratio (either 30:1 or 25:1), made by adjusting the input amounts used to 

make the LNPs, and/or higher N/P ratio, achieved by increasing molar percentage of the 

ionizable lipids, such as 4A3-SC7 and/or DODAP. Among those lipid nanoparticles, 

Composition R, Composition T, and Composition U performed as well as Composition B 

(Data shown in FIG. 31). The composition of the nanoparticles used in the study is shown 

below in Table 14.  

Table 20. Composition B/Composition C and "derivatives" 

Formulation 4A3 DODAP DOPE Cholesterol DMG- ipid:mRNA N/P orutin SC7 PEG LpdmN / 

Composition 19.05' 20.00 19.05 38.10 3.81 40:1 13.4 
B (5)b (5.25) (5) (10) (1) 

Composition 19.05' 20.00 19.05 38.10 3.81 30:1 10.0 
C (5)b (5.25) (5) (10) (1) 

Composition 19.34 27.62 16.57 33.15 3.31 30:1 11.1 
R (5.83) (8.33) (5) (10) (1) 

Composition 19.34 27.62 16.57 33.15 3.31 25:1 9.2 
S (5.83) (8.33) (5) (10) (1) 

Composition 18.52 37.04 13.89 27.78 2.78 30:1 12.1 
T (6.67) (13.33) (5) (10) (1) 
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Composition 23.88 18.81 17.91 35.82 3.58 30:1 11.2 
U (6.67) (5.25) (5) (10) (1) 

a (%)-molar ratio 

b molar ratio 

[0652] The effect of storage buffer on CFTR function were measured in Composition B 

lipid nanoparticles. Lipid nanoparticles were stored in either 1 x PBS, 15 mM Tris buffer pH 

7.5 or 15mM Citrate buffer pH 4 (at 4 °C) in different sucrose concentration (0 %, 2.5 %, 5 

%, or 10 %). Composition B lipid nanoparticles in 15 mM Citrate buffer showed similar 

performance in CFTR function. Addition of 5% sucrose in 15 mM Citrate buffer did not 

significantly impact Composition B potency. Also, freeze-thaw cycle of lipid nanoparticles 

before applying to CFTR function analysis did not affect CFTR function (Data shown in 

FIG. 32).  

106531 The effect of buffer on CFTR function were further tested in either Composition R 

or Composition U. Composition R or Composition U performed as well as Composition B 

when stored in 1 x PBS. Addition of 5% sucrose in buffers (15 mM Citrate pH 4, 15 mM 

Citrate pH 6 or Tris pH 7.5) to Composition R and Composition U was also tested (data 

shown in FIGs. 33A- 33B).  

EXAMPLE 5: COMPOSITION X AND COMPOSITION Y 

[0654] Experiments were conducted to evaluate the impact of cholesterol on the stability 

and efficacy of lipid nanoparticle (LNP) compositions. Composition B lipid nanoparticles 

containing higher molar percentage of cholesterol were created and subjected to test its CFTR 

function. Chloride conductance was measured with multi transepithelial current clamp system 

(MTECC24). As data shown in FIG. 40, the CFTR function was increased as the molar 

percentage of cholesterol in lipid nanoparticles were increased. Further, lipid nanoparticles 

containing 50 % molar percentage of cholesterol were created, measured its CFTR function 

and resulted that increased molar percentage of cholesterol in lipid nanoparticles enhanced 

CFTR function (FIG. 41). The composition of the nanoparticles used in these studies is 

shown below in Table 15.  

Table 21. Test LNP Compositions (mole percent) 

4A3- Lpd 
Formulation DOPE Cholesterol DMG-PEG DODAP Lipid: 

SC7 mRNA 

Composition B 19.05 19.05 38.1 3.81 20 40:1 
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Composition B
19.05 19.05 36 6 20 40:1 

6% 

Composition B
19.05 19.05 34 8 20 40:1 

8% 

Composition B
19.05 19.05 32 10 20 40:1 

10% 

Composition B
15.08 15.08 50 3.81 16.03 40:1 

50% cholesterol 

Composition S

500o 13.73 10.96 50 3.31 22 25:1 

cholesterol* 

Composition X 14.8 22.2 44.4 3 15.6 36:1 

*Composition S-50% cholesterol = Composition Y 

EXAMPLE 6: EFFECTS OF COMPOSITION X AND COMPOSITION Y ON CFTR 

[0655] Experimental conditions were shown in FIG. 42. Briefly, human Broncial 

Epithelials (hBEs) (passage 3) with different cystic fibrosis (CF) genotypes were established 

on TransWell high-throughput screening (HTS) plates (Coming 3378). Then. each mRNA 

containing lipid nanoparticles (1 mg/mL, 0.5 mL) were subjected to Mesh nebulizer. All 

nebulizations were performed at 8 weeks post-air liquid interface (ALI). Treatment time for 

lipid nanoparticles were 9 minutes, including 2-3 minutes of nebulization and additional time 

for "cloud" to settle. Cells were washed with PBS 4 h post-dosing and subjected to either 

chloride conductance for CFTR function, Western blotting for CFTR protein expression, or 

immunofluorescence assay for cell tropism 24 h and 48 h post-dosing.  

[0656] FIG. 43 shows rescue of CFTR function in two nonresponsive genotypes. hBE cells 

expressing nonresponsive genotypes were established on TransWell HTS plates (Coming 

3378), nebulized with either CFTR mRNA-containing lipid nanoparticles or buffer. Cystic 

Fibrosis treatment drugs (Trifkafta or Orkambi) were treated at the time of nebulization. At 

24 h post-treatment, chloride conductance was measured with multi transepithelial current 

clamp system (MTECC24). In both cell lines, nebulization of lipid nanoparticles containing 

CFTR mRNA rescued CFTR function. Additionally, cells nebulized Composition X showed 

20 % of wild-type level of CFTR function. Transepithelial electrical resistance (TEER) and 
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lactic acid dehydrogenase (LDH) measurements suggested no indication of toxicity after the 

delivery of CFTR mRNA-containing lipid nanoparticles (FIGs. 43B and 43D).  

[06571 To analyze the restoration effect of lipid nanoparticles on CFTR function, various 

cystic fibrosis genotype cells were further subjected to nebulize with either Composition B, 

Composition X or Composition Y. Three nonresponsive genotypes (R553X/W1282X, 

W1282X/W1282X, K710X/L467P). six AF508/AF508 homozygous genotypes 

(TXCF042716, KKDO12K, KKD025L, KKDO03K, 20160524CF. KKO17N) and one 

heterozygous genotype (G452X/AF508) cells were used in the experiment. Rescue levels in 

two nonresponsive genotype cells (R553X/W1282X and W1282X/W1282X) dosed with 

Composition X showed about 20 % of wild-type level of CFTR function. Moreover, all 

AF508/AF508 homozygous genotype cells (except KKD025L) and heterozygous genotype 

(G452X/AF508) cells dosed with Composition X showed greater than 20 % of wild-type 

level of CFTR function. Heterozygous genotype (G452X/AF508) cells dosed with either 

Composition B or Composition Y also showed more than 20 % of wild-type level of CFTR 

function. (Data shown in FIG. 44).  

[0658] Increased CFTR function in lipid nanoparticle treated cells might be due to loss of 

transepithelial resistance. To determine whether aerosolized lipid nanoparticles affect cell 

toxicity, six AF508/AF508 homozygous genotypes hBE cells were dosed lipid nanoparticles 

and measured electrical resistance across a cellular monolayer and released lactic acid 

dehydrogenase (LDH). No toxicity was observed from aerosolized formulations (Data shown 

in FIGS. 45A-45K).  

[0659] Duration of CFTR restoration function in nebulized KKDO03K cells were 

determined at 24 h and 48 h post treatment. CFTR function remained greater than 20% of 

wild-type level of CFTR function after 48 h of nebulization (FIG. 46A). Also, CFTR protein 

expression level was detected in cells dosed with lipid nanoparticles at 24 h and decreased at 

48 h, but still detected in cells (FIGs. 46B-46C). When analyzing overall protein expression., 

Composition B seemed to transfect more cells, even though Composition X showed higher 

chloride flux.  

[0660] To assess target delivery of lipid nanoparticles, TXCF042716 cells dosed with each 

lipid nanoparticle were fixed, blocked and probed with primary antibodies for each cell type 

(Basal=Cytokerain 5 (CK5), Ciliated=Acetylated tubulin, Club=Secretoglobin Family IA 

Member 1 (SCGB1A1)/CC1O and Goblet=Mucin 5AC (MUC5AC)) (FIG. 47A). For every 

field, total number of cells with Tomato Red (TR) signal and colocalized signal were counted 
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and percent of positive Tomato Red signal in each cell type were determined (FIG. 47B). All 

three compositions showed similar cell tropism profiles, favoring delivery to both basal and 

secretory cells.  

[0661] CFTR function restoration assays in FIG. 44 showed similar restoration pattern in 

each cell type. To determine the relationship between chloride flux and protein expression, 

either TXCF042716 or KKDO12K cells were dosed with lipid nanoparticles and measured 

CFTR function by chloride conductance and protein expression level by Western blot 

analysis. Cells with TXCF042716 genotype showed greater restoration of CFTR function 

compared to cells with KKDO12K genotype (FIG. 48A) and Western blot analysis showed 

expression of CFTR protein was correlated to CFTR functional assay (FIGs. 48B-48C).  

[0662] To determine whether mucus production affects transfection efficiency of lipid 

nanoparticles. W1282X/W1282X hBEs and R553X/W1282X hBEs cells were pre-treated 

Dithiothreitol (DTT) before lipid nanoparticles were nebulized (experimental scheme shown 

in FIG. 49). The results showed increased pre-treated DTT concentration from 3 mM to 10 

mM correlated with higher chloride flux after nebulization of lipid nanoparticles (FIGs. 50

51). Cell toxicities were measured by transepithelial electrical resistance (TEER). The result 

showed that cell integrity was not affected by DTT treatment (FIGs. 50B and 51B). These 

data support the idea that differences in mucus production may impact the delivery of lipid 

nanoparticles.  

[0663] To establish the addition of CFTR activator further increase CFTR function, two 

nonresponsive genotypes hBE cells (R553X/W1282X and W1282X/W1282X) were 

nebulized with lipid nanoparticles either in presence or absence of Ivacaftor (VX-770).  

Addition of CFTR activator (Ivacaftor) further increased rescue of CFTR function after 

delivery of lipid nanoparticles (Data shown in FIGs. 52A-52B).  

[0664] To determine successful delivery of lipid nanoparticles to lungs in vivo, mice were 

administered via inhalation lipid nanoparticles containing HA-CFTR mRNA and luciferase 

mRNA. Chemiluminescence signals were gradually increased as the number of injections 

increased. After six deliveries, Composition B showed the most chemiluminescence image 

while Composition Y showed the least image (FIG. 53A). These results support the data 

observed by Western blot in FIGs. 46B-46C. Cheminuminescence images were taken after 

2 " ddose (FIG. 53B).  

[0665] Composition X was compared to an alternative LNP composition, Composition A.  

Composition X showed superior ability to restore CFTR function in AF508/AF508 hBE cells 
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compared to Composition A (FIGs. 54A-54B). There was no significant difference in cell 

integrity and permeability between Composition A and Composition X treated cells measured 

by transepithelial electrical resistance (TEER) (FIG. 54C).  

EXAMPLE 7: PHYSICAL CHARACTERIZATION OF COMPOSITION B, 
COMPOSITION C, COMPOSITION F AND COMPOSITION A AND 
IMPACT OF MIXING BUFFER SELECTION 

[0666] Lipid nanoparticles were characterized by size, polydispersity index (PDI), 

encapsulation efficiency (EE), and zeta potential (mV). Both LNP composition and the 

mixing buffer used in the process of making the LNPs were varied. Each lipid nanoparticle 

composition was prepared by mixing the lipid components with RNA in 10 mM Citrate 

buffer (in each case at either pH 4 or 6) and stored in either 15 mM Citrate buffer containing 

5 % sucrose, or 15 mM Tris buffer containing 5 % sucrose. The resulting LNP compositions 

were assayed for size of lipid nanoparticle, polydispersity index (PDI), encapsulation 

efficiency and Zeta potential (FIGs. 34A-34D). The pH 6 mixing buffers generally resulted 

in better size control and encapsulation efficiency than pH 4 mixing buffers. Tris storage 

buffer had better encapsulation efficiency than Citrate storage buffer, while Citrate storage 

buffer showed better size control. Composition A was less affected by mixing buffer but 

performed better in Tris storage buffer. FIGs. 35A-35C show assays to determine the 

apparent acid dissociation constant (pKa) value of lipid nanoparticle, measured by 6-(p

toluidino)-2-naphthalenesulfonic acid (TNS) Assay.  

[0667] Further analysis on mixing Citrate buffer (10 mM) at pH 4, pH 5 and pH 6 were 

performed for DODAP-based formulations (FIGs. 36A-36D). The pH 6 mixing buffer had 

better size control post freeze-thaw, lower polydispersity index (PDI) and higher 

encapsulation efficiency than pH 4 mixing buffer for both Composition B and Composition C 

lipid nanoparticles. Adding 75 mM NaCl to Tris storage buffer appears to improve freeze

thaw size stability, and greatly lowered PDI pre and post freeze-thaw with pH 6 mixing 

buffer. FIGs. 37A-37B further show acid dissociation constant (pKa) value of lipid 

nanoparticle membrane measured by TNS assay.  

[0668] Another analysis of Citrate buffer at pH 4, pH 5 and pH 6 was performed to 

Composition B and Composition F. Both Composition B and Composition F had the same 

lipid nanoparticle composition, and the only difference was ionizable cationic lipid (FIGs.  

38-39). These experiments showed pH 6 mixing buffer resulted in better size stability after 

freeze-thaw, lower polydispersity index (PDI) and higher encapsulation efficiency.  
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Composition B performed better in Tris-NaCl buffer overall, while Composition F was less 

affected by storage buffer when mixed at pH 6.  

EXAMPLE 8: PHYSICAL CHARACTERIZATION OF COMPOSITION X AND 
COMPOSITION Y AND IMPACT OF BUFFER SELECTION 

[06691 To determine the stability of lipid nanoparticles, size of lipid nanoparticles, 

polvdispersity index (PD), and encapsulated efficiency (EE) of Composition B (FIGs. 55A

55C) or Composition X (FIGs. 56A-56C) lipid nanoparticles were measured over three 

weeks. These experiments showed that lipid nanoparticles retained their physical 

characteristics under prolonged storage.  

[06701 Storable buffer of lipid nanoparticles was tested for optimization. Each formulation 

was mixed in 10 mM Citrate buffer at either pH 4 or pH 6 (FIGs. 57-59) and stored in either 

15 mM Sodium Citrate buffer containing 5 % sucrose (Na-Cit) or 15 mM Tris buffer 

containing 5 % sucrose and 75 mM NaCl (Tris-NaCl). Briefly, to make LNPs, formulations 

were diluted 1:1 with 1x phosphate buffered saline (PBS), incubated 30 minutes after mixing, 

spun for 1 h at 4 °C, concentrated to 1.0 mg/mL and filtered with a polyvinylidene fluoride 

(PVDF) membrane filter. The size of lipid nanoparticle, polydispersity index (PDI), and 

encapsulated efficiency (EE) were measured. The pH 6 mixing buffers resulted in the best 

size control after freeze-thaw for Composition B. Formulations stored in Na-Citrate buffer 

showed the best size stability and PDI control overall, regardless of mixing buffer, but had 

dramatically low encapsulation efficiency. FIGs. 58-59 show the acid dissociation constant 

(pKa) value of lipid nanoparticle membrane measured by TNS Assay in either pH 4 or pH 6 

buffer.  

106711 To establish the importance of citrate buffer containing sucrose, further experiments 

were performed. Lipid nanoparticles were dialyzed into respective buffer vial for 4 h at room 

temperature and ovemight at 2-8°C. pH was measured to ensure that the buffer exchange was 

completed. Data shown in FIG. 60 illustrate that the particle size of both post dialysis and 

post nebulization were smaller when lipid nanoparticles were dialyzed in 15 mM citrate 

buffer at pH 4. Further experiments were established for lipid nanoparticle characterization 

after freeze-thaw cycle and data showed that the size of lipid nanoparticles in citrate buffer 

pH 4 with 10 % sucrose were smaller after free/thaw storage (Data shown in FIG. 61) 

[0672] Composition X formulation were further optimized using different buffer containing 

different sucrose concentration. Schematic of study design for the study is shown in FIG.  

62A. Formulations were screened with respect to buffer species, pH and % sucrose for final 
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storage. Stability studies were performed by analyzing particle size (using Wyatt & Malvern) 

in the respective storage buffer pH and encapsulation efficiency using RiboGreen assay. For 

freeze-thaw experiments, the same samples were subjected to three freeze-thaw cycles for 

each formulation. For time course experiments, one aliquot of each formulation was pulled at 

1 week, 2 weeks, 3 weeks, 4 weeks, and 7 weeks timepoints. Lipid nanoparticles were 

formulated either in citrate, sodium acetate or Tris buffer in different pH and sucrose %.  

Lipid nanoparticle formulated in 15 mM citrate buffer at pH 4 containing 10 % sucrose 

showed improved stability and nebulization (FIGs. 62B-62D). To evaluate the effect of 

poloxamer 188 (0.005% w/v) in the final formulation storage buffer, three formulations 

chosen from the previous experiment (either citrate buffer or sodium acetate) and histidine 

buffer were screened with or without poloxamer 188 (FIGs. 62E-62G) 

[0673] To identify the pH range that yields acceptable nebulization output rate and post

nebulization encapsulation efficiency, Composition X-CFTR formulations were 

manufactured in between pH 4.0 - 7.5 in different buffers (15 mM citrate, 15 mM acetate or 

15 mM Tris) containing 10 % sucrose. All formulations were nebulized using Solo to identify 

lead candidates. The data showed Composition X formulated and nebulized at pH 6.0 in 15 

mM citrate buffer showed the most output rate (FIG. 63). Further experiments were 

performed to determine the effect of salt on buffer. The data showed that formulations 

including 50 mM NaCl in buffer had better output rate (FIG. 64). Heterozygous genotype 

(G452X/AF508) cells were dosed with Composition X formulated in different conditions (15 

mM Citrate either pH 6.0 or 6.5; presence of 50 mM NaCl), and CFTR function was tested to 

identify the in vitro potency of lipid nanoparticles. FIG. 65 shows cells dosed with 

Composition X had increased CFTR function compared to cells dosed without Composition 

X.  

EXAMPLE 9: LOCALIZATION OF HA-CFTR PROTEIN IN VITRO.  

[0674] Cells dosed with lipid nanoparticles were further identified by localization of 

expressed HA-CFTR protein. Reference antibodies selected for the immunofluorescence 

panels are shown in FIG. 66. FIG. 67A shows cell profile of five AF508/AF508 homozygous 

genotype hBE cells. Detection of intermediated cells was not included in TXCF042716 and 

KKD0003K cells. Genotypes/donors assessed (FIG. 67B) and antibodies used in the 

experiment (FIG. 67C) were identified.  
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[0675] AF508/AF508 homozygous genotype hBE cells (KKDO03K) were dosed with 

Composition B/HA-CFTR and stained with HA-tag (to detect HA-CFTR protein), FoxIl (for 

ionocytes) and CC10 (for club cells). Number of cells expressing HA-CFTR were quantified, 

and the localization of HA-CFTR was determined by co-staining with different cell markers.  

Quantification of bands B and C from the transfection were shown on the graph. According 

to the data, high percentage of ionocytes were positive for HA-CFTR. Most of the HA 

staining localizes to the apical part of the cells, where we expect to have functional 

membrane-bound CFTR. In the video, an overlay of all markers is shown. Note that staining 

for ionocyte (green) co-localizes with HA-staining (purple). A few CC1O positive cells also 

co-localize with HA marker (Data shown in FIG. 68).  

[06761 Similar experiments were performed using different antibodies. FIG. 69 shows the 

number of cells expressing HA-CFTR quantified. The localization of HA-CFTR was 

determined by co-staining with different cell markers (Mucin for secretory cells; Tubulin for 

ciliated cells). As in the FIG. 68, most of the HA staining localized to the apical part of the 

cells. Some mucin-positive cells showed co-localization with HA marker. Few ciliated cells 

were also observed to co-localizelwith HA-CFTR (Data shown in FIG. 69). Additional 

experiments were performed using FoxIl (for ionocytes) and KRT5 (for basal cells) 

antibodies. The cells expressing HACFTR were quantified, and the localization of HA-CFTR 

was determined by co-staining with different cell markers (FoxI for ionocytes; KRT5 for 

basal cells). Most of the HA-CFTR staining was localized to the apical part of the cells. Some 

KRT5 positive cells showed co-localization with HA-CFTR. Ionocytes were also observed 

with co-localization with HA-CFTR (FIG. 70).  

[0677] The expression level of HA-CFTR delivered by the lipid nanoparticles was 

observed in two AF508/AF508del homozygous genotype hBE cells. TXCF042716 and 

20160524CF cells were dosed with HA-CFTR-containing lipid nanoparticles and stained to 

detect protein expression level of HA-CFTR. FIGs. 71A-71B show that TXCF042716 cells 

expressed more HA-CFTR protein compared to 20160524CF cells, resulting different donors 

with the same genotype (AF508/AF508) showed different HA-CFTR protein expression.  

[0678] Further studies were performed to analyze the relationship between CFTR 

expression and its function. TXCF042716 and 20160524CF hBE cells were dosed with HA

CFTR-containing lipid nanoparticles, and CFTR function was determined by measuring 

chloride flux and CFTR expression level by immunofluorescence. Donor TXCR042716 cells 

showed significant rescue of chloride flux and strong detection of HA signal, while the 
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opposite was observed with donor 20160524CF, suggesting low transfection efficiency (FIG.  

72).  

[06791 This result led to further experiments to analyze the localization of HA-CFTR in 

TXCF042716 and 20160524CF hBE cells. TXCF042716 hBE cells were dosed with lipid 

nanoparticles containing HA-CFTR, and immunostaining assay showed the highest 

expression and apical translocation of HA-CFTR. HA signal was predominantly detected in 

ionocytes, and strong HA detection was consistent with high functional rescue of chloride 

flux (FIGs. 73A-73C). 20160524CF hBE cells dosed with lipid nanoparticles showed the 

high expression of HA-CFTR (FIG.74C). HA-CFTR signal was predominantly detected in 

the body of the cells (FIG. 74A). However, unlike in TXCF042716 hBE cells, HA-CFTR 

expressed in 20160524CF hBE cells did not translocate to the apical membrane. Low HA 

detection at the apical membrane was consistent with poor functional rescue of chloride flux 

(FIG. 74B).  

[0680] Further experiments were performed to compare the lipid nanoparticles.  

W1282X/W1282X hBE cells were dosed with either Composition B or Composition X.  

CFTR expression level was measured using immunofluorescence assay, which showed 

similar expression level of CFTR protein (FIG. 75).  

[0681] Further experiments were performed to determine the protein expression by lipid 

nanoparticle component. W1282X/W1282X (U10014) hBE cells dosed with either 

Composition B (FIGs. 77A-77C) or Composition X (FIGs. 76A-77C). Efficient 

translocation of HA-CFTR protein to the apical membrane was observed in the cells.  

W1282X/W1282X hBE cells showed high expression and apical translocation of HA-CFTR 

post exposure to aerosolized lipid nanoparticles. HA signal was predominantly detected in 

ionocytes, and a few ciliated cells also showed strong apical expression of HA-CFTR.  

[06821 To determine cell tropism, dF#4 (KKDO03K) hBE cells dosed with Composition B 

showed highest expression by projection area predominantly in ionocytes with proper apical 

translocation of HA-CFTR. This was consistent with good functional compensation of 

defective endogenous CFTR comparable to that in dF#1 hBE (FIG. 81). Cell-mediated 

expression of HA-CFTR in dF#1, dF#4. and dF#4 are shown in FIG. 82.  

[0683] Further experiments were performed to determine the protein expression level by 

lipid nanoparticle component. F508del/F508del (TXCF042716) hBE cells dosed with 

Composition X showed the highest expression and apical translocation of HA-CFTR. HA 

signal predominantly detected in ionocytes (shown in FIGs. 83A, 83C, and 89), and strong 

HA detection was consistent with high functional rescue of chloride flux (FIG. 83B). In 
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F508del/F508del (20160524CF) hBE cells dosed with Composition X, the cells showed the 

high expression of HA-CFTR (FIG. 84C). HA signal was predominantly detected in the 

body of the cells, and translocation of HA to the apical membrane failed. Low HA detection 

at the apical membrane was consistent with poor functional rescue of chloride flux (FIG.  

84B).  

[0684] K710X/L467 (ND13816) hBE cells showed fibrosis gups in the distribution of basal 

cell sub-population and elevated density Foxll-positive cells. K71OX/L467 (ND13816) hBE 

cells aerosolized with Composition B showed expression and partial apical translocation of 

HA-CFTR. HA signal was detected in ionocytes as well as club, goblet, ciliated, and basal 

cells. However, the signal showed spotted aggregation and reduced intensity. The expression 

was detected in reduced of Foxl-positive cells in comparison to other tested hBE samples 

(FIGs. 85A-85B and 86). Arrows in FIG. 86 indicated intracellular co-segmentation of 

Foxll and Ha-CFTR signals. K710X/L467 (ND13816) hBE cells aerosolized with 

Composition X induced expression of HA-CFTR comparable to cells aerosolized with 

Composition B (shown in FIGs. 87A-87B and 88).  

[06851 F508del/F508del hBE cells (KKDO17N) were dosed with Composition B/HA

CFTR and stained with HA-tag (to detect HA-CFTR protein), KRT8 (for intermediate cells) 

and CC10 (for club cells). The number of cells expressing HA-CFTR was quantified, and the 

localization of HA-CFTR was determined by co-staining with different cell markers. (Data 

shown in FIG. 90).  

[0686] All donor cells were dosed with Composition B, Composition Y, or Composition X 

with HA-CFTR and evaluated the expression level of HA-CFTR by Western blot analysis 

(FIG. 91). Further experiments were performed to measure dependency of translation level 

with functions activity of CFTR. All three nonresponsive genotypes analyzed exhibited 

similar levels of HA-CFTR after being dosed with Composition B, Composition Y, or 

Composition X, independent of observed functional rescue of chloride flux (FIG. 92).  

[0687] Composition B and Composition X were compared to an alternative LNP 

composition, Composition A. Both Composition B and Composition X showed superior 

ability to restore CFTR function in F508del/F508del hBE cells compared to Composition A 

(FIGs. 93A-93B). There was no significant difference in cell integrity and permeability 

between Composition A and Composition X treated cells, measured by transepithelial 

electrical resistance (TEER) (FIG. 93B upper).  

[0688] Six A F508del/F508del hBE cells were dosed with either Composition B, 

Composition Y, or Composition X, and cytotocitiy was measured by LDH assays. Lysed cells 
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showed 100% LDH release. As reference, Composition A resulted in 45% LDH release with 

significantly reduced ciliary activity, significant increase in IL-6 production, and reduction in 

cell layer thickness. FIG. 94 shows that no overt toxicity was observed for all three 

compostions, determined by measuring LDH release.  

EXAMPLE 10: A PHASE I RANDOMIZED, DOUBLE-BLIND, PLACEBO
CONTROLLED, SINGLE ASCENDING DOSE STUDY TO 
EVALUATE THE SAFETY AND TOLERABILITY OF 
COMPOSITION A IN HEALTHY PARTICIPANTS 

[0689] The primary objective of this study is to assess the safety and tolerability of single 

ascending doses of inhaled Composition A administered via nebulizer to healthy participants.  

The secondary objectives of the study are to characterize biodistribution of Composition A 

components into whole blood and antibodies against polyethylene glycol following single 

escalating inhaled doses in healthy participant and the potential for development of antidrug 

antibodies against DNAI protein following single escalating inhaled doses. The exploratory 

objective of this study is to determine the impact of predose short-acting beta 2 agonist 

bronchodilator (salbutamol) on the tolerability of treatment in healthy participants.  

[0690] This is a Phase 1, randomized, double-blind, placebo-controlled single ascending 

dose study to assess the safety and tolerability of inhaled Composition A when administered 

to healthy participants.  

Table 22. The drugs used in the study 

Product Supplied Formulation 
Composition A 1 mg/mL dispersion in 5 mL vials 
Placebo (normal saline) sterile, nonpyrogenic, 0.9% sodium chloride with no 

preservatives 
106911 Composition A contains DNAI mRNA. a drug substance encapsulated into SORT 

LNPs. The drug substance is a highly purified single-stranded, 5' capped/3' poly A, 

nucleotide-modified and sequence optimized mRNA encoding full-length DNAI1 protein.  

mRNA is optimized for high efficacy with respect to stability and translational efficiency 

(5'-cap, 1-methyl-pseudouridine used instead of uridine, polyA-tail).  

[0692] Approximately 32 participants who meet the criteria for study entry will be 

randomly assigned to 1 of 4 cohorts as shown in FIG. 78 and FIG. 79. Participants in each 

cohort will receive either Composition A or placebo (normal saline). Participants will be 

pretreated with 2 puffs of an inhaled short-acting beta 2 agonist bronchodilator (salbutamol 

HFA. 100 mcg per puff). approximately 50 minutes prior to study drug administration. If no 
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bronchospasm is seen and following a review of all safety and tolerability data by the safety 

review committee (SRC), the decision may be taken to dose without the use of a 

bronchodilator. All participants will receive the study treatments according to the schedule of 

events (FIG.80). A sentinel cohort of 2 participants will be used for each dosing cohort. The 

sentinel participants will be dosed in a blinded fashion (1 active, 1 placebo) and monitored 

for at least 48 hours.  

106931 The study will consist of a Screening Phase (Day -28 to Day -2), Check-in (Day -1), 

Treatment Phase (Day I to Day 3), and a Follow-up Phase with outpatient visits on Day 8 

(+1 day), Day 15 (±1 day), and an end-of-study (EOS) visit on Day 29 (+1 day). The 

maximum duration of the study for each participant is 57 days, including screening (up to 

28 days). Participants will be domiciled at the clinical research unit (CRU) from Day -1 and 

discharged following completion of all assessments on Day 3. after they are deemed 

"clinically stable" by the investigator or designee (eg, no ongoing adverse events [AEs] or 

other safety concems). The clinical laboratory assessments shown in FIG.80 will be 

performed.  

[06941 Dose escalation will occur only after the safety and tolerability data from at least 14 

days after dosing of the preceding dose cohort for at least 6 participants are assessed and the 

study drug is deemed safe and well tolerated. Dose escalation will be suspended in some 

condition.  

[06951 Safety and tolerability endpoints will include monitoring and recording of adverse 

events, clinical laboratory test results (including but not limited to hematology, serum 

chemistry including liver function tests, urinalysis), spirometry, vital sign measurements, 

12-lead electrocardiogram (ECG) results, and physical examination findings.  

[0696] For all safety assessments, the investigator will determine whether results are 

clinically significant, which is defined as any variation in a result that has medical relevance 

and may result in an alteration in medical care (eg, active observation, diagnostic measures, 

or therapeutic measures). If clinical significance is noted, the result and reason for 

significance will be documented and an AE reported on the AE page of the participant's 

electronic case report form (eCRF). The investigator will monitor the participant until the 

result has reached the reference range or the result at screening, or until the investigator 

determines that follow-up is no longer medically necessary.  

[0697] Each participant must meet all of the following criteria shown in Table 17 to be 

enrolled in this study 
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Table 23. Study population.  

1 The participant is a male or female, 18 to 55 years of age, inclusive, at the time of 
consent.  

2 The participant has a body mass index 18 to 35 kg/m 2, inclusive, and a total body 
weight >50 kg, inclusive, at screening.  
The participant is considered by the investigator to be in good general health as 

3 determined by medical history, clinical laboratory test results, vital sign 
measurements, 12-lead ECG results, and physical examination findings at 
screening.  

4 The participant has a percent predicted forced expiratory volume in 1 second 
(ppFEV1)ofat least 80% predicted.  

5 Female participants must be of nonchildbearing potential.  

Male participants and their female partners of childbearing potential (defined as 
women that are neither postmenopausal nor surgically sterile) must agree to use 

6 one of the following methods of contraception during the study and until 90 days 
after the last dose of the study drug. Male participants must also agree not to 
donate sperm and female participants must agree not to donate eggs, for the 
duration of the study and until at least 90 days after the last dose of the study drug.  

EXAMPLE 11: A 13-WEEK LIQUID INHALATION TOXICOLOGY STUDY 
FOLLOWED BY A 4-WEEK RECOVERY PERIOD IN SPRAGUE
DAWLEY RATS 

[0698] The objective of the study was to determine the toxicity of the DNAIl mRNA 

encapsulated in Composition A LNP, following a 13-week inhalation administration to rats 

and to assess the persistence, delayed onset or reversibility of any changes following an 

observation period of 28 days. The test and control/vehicle items and air control were 

administered to groups of rats three times weekly inhalation administration for 13 weeks.  

Table 24. The experimental design 

Group Group Achieved Achieved Achieved Exposure Main Recovery TK 
Number Designation Inhaled Dose Inhaled Dose Aerosol Duration Animals Animals Animals 

Level Level Conc. of (minute) 
of of Composition 

Composition Compsoition A M F M F M F 
A A (mg/L) 

(mg/kg/ (mg/kg 
occasion) week) 

1 Air Control 0 0 0 90 10 10 5 5 10 10 

2 Control/ 0 0 0 90 10 10 5 5 10 10 
Vehicle# 

3 Low 0.16 0.48 0.01018 22 10 10 5 5 10 10 

4 Mid 0.34 1.02 0.01088 45 10 10 5 5 10 10 

5 High 0.69 2.07 0.01097 90 10 10 5 5 10 10 

# Control/Vehicle animals were administered Composition A-Placebo (LNP fonnulation with no mRNA).  

[0699] Following blood collection, the animals were euthanized 24 hours after the last 

exposure (Day 90) and subjected to a necropsy examination on Day 91. The Recovery 
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animals were observed for 28 days and then euthanized and subjected to a necropsy 

examination on Day 119. Following blood collection, the TK animals of Groups I to 5 were 

euthanized, and tissue collection was performed at termination after the last exposure.  

[0700] The overall achieved aerosol concentrations were 0, 0, 0.01018, 0.01088 and 

0.01097 mg/L resulting in achieved dosages per occasion of 0, 0, 0.16, 0.34 and 

0.69 mg/kg/occasion for air control, control/vehicle, low, mid and high Composition A doses, 

respectively. The overall achieved dose per week were 0. 0, 0.48, 1.02 and 2.07 mg/kg/week 

for the air control, control/vehicle, low, mid and high Composition A doses, respectively.  

The particle size distribution measurements confirmed that Composition A was respirable for 

the rat, with MMAD values of 1.9,1.8,1.8 and 1.8 pm forthe control/vehicle, low, mid andhigh 

doses, respectively, and corresponding mean c-g of 1.91, 1.87, 1.91 and 1.97 for the 

control/vehicle, low, mid and high doses, respectively. Composition A was administered using 

the maximum feasible concentration and the high dose level was escalated by increasing the 

duration of exposure to the maximum feasible dose.  

[07011 The administration of Composition A by inhalation was well tolerated without any 

test item-related mortality or adverse clinical signs up to the dose of 2.07 mg/kg/week. Body 

weights, food consumption, haematology, ophthalmology parameters, hematology clinical 

chemistry and coagulation were unaffected by treatment with Composition A.  

[0702] On Day 91, neutrophils were increased in BAL fluid in the control/vehicle 

(placebo), 1.02 mg/kg/week (mid) and 2.07 mg/kg/week (high) Composition A groups 

compared to the air control group; these increases were more substantial in the high dose 

group. There was also a statistically significant decrease in absolute and percent alveolar 

macrophages control/vehicle (placebo), 1.02 mg/kg/week (mid) and 2.07 mg/kg/week (high) 

Composition A groups. At the end of the Recovery period (Day 119), all changes observed 

on Day 91 had generally recovered.  

[0703] Upon necropsy on Day 91, changes attributed to the administration of Composition 

A were observed in absolute and relative lung/trachea weights in males at > 1.02 mg/kg/week 

and in females at 2.07 mg/kg/week. The increased lung/trachea weights correlated with the 

microscopic findings of chronic inflammation, increased alveolar macrophages and increased 

cellularity of the bronchial -associated lymphoid tissue observed in the lungs. At the end of 

the recovery period, the changes in the lung/trachea weights were reversed in males and 

females. Chronic inflammation was observed in 3/10 at 0.48 mg/kg/week (minimal), 6/10 

at 1.02 mg/kg/week males (minimal to mild), and 10/10 at 2.07 mg/kg/week males (minimal 
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to mild), while in the females, chronic inflammation was observed in 2/10 at 0.48 

mg/kg/week females (minimal), 4/10 at 1.02 mg/kg/week (minimal to mild) and 9/10 at 2.07 

mg/kg/week females (minimal to mild). Chronic inflammation co-localized with increased 

alveolar macrophages and pigmented foreign material at the broncho alveolar junction of the 

lung and was characterized by lymphocytes and mononuclear cells along the walls of the 

terminal bronchioles and alveolar outpocketings of the terminal bronchioles.  

107041 Pigmented foreign material (minimal) was observed in macrophages in the lungs of 

males (2/10 at 0.48 mg/kg/week; 2/10 at 1.02 mg/kg/week; 7/10 at 2.07 mg/kg/week) and 

females (2/10 at 0.48 mg/kg/week; 2/10 at 1.02 mg/kg/week; 3/10 at 2.07 mg/kg/week). The 

foreign material is attributed to phagocytosis and clearance of the test item.  

[0705] Increased alveolar macrophages in the lung was observed in 6/10 at 2.07 

mg/kg/week males (minimal to mild) and 4/10 at 2.07 mg/kg/week females (minimal).  

Alveolar macrophages were enlarged with foamy granular cytoplasm. In the bronchial 

associated lymphoid tissue of the lung, increased cellularity was observed in 6/10 at 2.07 

mg/kg/week males (minimal to mild) and 3/10 at 2.07 mg/kg/week females (minimal to 

mild). Chronic inflammation, increased alveolar macrophages and the increased cellularity of 

the bronchiole associated lymphoid tissue in the lungs of males and females correlated in 

general with the increased absolute and relative lung/trachea weights observed in males and 

females administered at 2.07 mg/kg/week Composition A. In the tracheobronchial lymph 

nodes, an increased incidence of increased lymphocyte cellularity was observed in 8/10 at 

2.07 mg/kg/week males (minimal) and 6/9 at 2.07 mg/kg/week females (minimal to mild) and 

was considered test item related. The increased incidence of increased cellularity correlated 

in general with the macroscopic finding of enlargement of the tracheobronchial lymph nodes.  

[0706] Test item-related microscopic finding of minimal pigmented foreign material was 

observed in the lungs in males > 1.02 mg/kg/week and in females at 2.07 mg/kg/week 

Composition A and was partially reversable in males and females. Pigmented foreign 

material in the lungs and aggregates of pigmented macrophages in the tracheobronchial 

lymph nodes were considered phagocytosis of test material due to ongoing clearance of the 

test item. Test item-related finding of aggregates of macrophages (minimal; pigmented) was 

observed in the tracheobronchial lymph nodes in males (2/4) and females (1/5) at 2.07 

mg/kg/week Composition A. Chronic inflammation, increased alveolar macrophages and 

increased cellularity of the bronchial associated lymphoid tissue in the lungs was fully 

reversible in Recovery males and females. The increased cellularity of tracheobronchial 
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lymph nodes observed in Main study animals returned to control levels and was reversible 

following the 28-day recovery period in males and females.  

[0707] In conclusion, an inhalation administration of Composition A was well-tolerated 

during the treatment period utilizing a maximum exposure time of 90 minutes three times per 

week to an achieve dose of 2.07 mg/kg/week. Therefore, the no-adverse effect level 

(NOAEL) was considered to be 2.07 mg/kg/week Composition A, the highest dose tested.  

EXAMPLE 12: A 13-WEEK LIOUID INHALATION TOXICOLOGY STUDY 
FOLLOWED BY A 4-WEEK RECOVERY PERIOD IN 
CYNOMOLGUS MONKEYS 

[07081 The objective of the study was to determine the toxicity of the DNAIl mRNA 

encapsulated in Composition A LNP, following three times weekly inhalation administration 

to the cynomolgus monkey for 13-weeks and to assess the persistence, delayed onset or 

reversibility of any changes following a 4-week recovery period.  

[07091 The test and control/vehicle items and air control were administered to groups of 

monkeys three times weekly by inhalation administration. At the end of last week of dosing, an 

additional dose was administered to all groups on the day prior to necropsy, in order to 

consistently conduct a Day 92 necropsy, approximately 24 hours after the final exposure on 

Day 91. Therefore, a total of 40 doses were delivered over the course of the study.  

Table 25. The experimental design of Example 12 

Achieved Achieved Number of 

Group Group Achieved Inhaled Inhaled Dose Aerosol Exposure Number of Recovery 

Numbers Designation Dose Level Level Conc. of Duration Main Animals Animals 
(mg/kg/occasion) Composition A Composition A (minutes) 

(mg/kg/week) (mg/L) M F M F 

1 Air Control 0 0 0 48@ 3 3 2 2 

2 Ceontrol 0 0 0 48@) 3 3 2 2 

3 Low Dose 0.038 0.11 0.00677 12@ 3 3 2 2 

4 Mid Dose 0.086 0.26 0.00741 24@ 3 3 2 2 

5 High Dose 0.169 0.51 0.00733 48@ 3 3 2 2 

# Control animals were administered Composition A-Placebo (LNP fonnulation with no mRNA) 
Cone =Concentration; M = males; F = females 

) Groups 2 and 5 animalswere dosed for 40 minutes for Doses I to 9; Group 3 animals were dosed for 10 minutes 
for Doses 1 to 9; Group 4 animals were dosed for 20 minutes for Doses I to 9; Group animals were dosed for 
40 minutes for Doses I to 11.  

[07101 The main animals were euthanized and subjected to anecropsy examination on Day 

92 (approximately 24 hours post-dose). The Recovery animals were observed for 4 weeks 

and then euthanized and subjected to a necropsy examination on Day 119.  
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[0711] The overall achieved aerosol concentrations were 0, 0, 0.00677, 0.00741 and 

0.00733 mg/L resulting in achieved dosages per occasion of 0, 0, 0.038, 0.086 and 

0.169 mg/kg/occasion for air control, control/vehicle, low, mid and high Composition A 

dose, respectively. The overall achieved dose per week were 0, 0, 0.11, 0.26 and 0.51 

mg/kg/week for air control, control/vehicle, low, mid and high Composition A dose three 

times per week respectively. The particle size distribution measurements confirmed that 

Composition A was respirable for the monkey. with MMAD values of 2.2, 2.0 and 2.2 pm for 

the low, mid and high dose with corresponding mean cg of 2.37, 2.30 and 2.33 for the low, mid 

and high dose, respectively. Composition A was administered using the maximum feasible 

concentration and the low, mid and high dose level was escalated by increasing the duration 

of exposure.  

[0712] The administration of Composition A by inhalation was well tolerated without any 

test item-related mortality or adverse clinical signs up to the dose of 0.51 mg/kg/week. Body 

weights, ophthalmology, ECG, hematology clinical chemistry, coagulation and urinalysis 

parameters were unaffected by treatment with Composition A.  

[0713] On Day 92, C3a fragment concentrations ranged between 0.61 and 1.49 ng/mL in 

the air control, from 1.21 to 2.35 ng/mL in the control/vehicle, from 0.83 to 3.07 ng/mL in 

the low dose, between 3.04 to 5.69 ng/mL in the mid dose and varied from 3.47 to 27.34 

ng/mL in the high dose, indicating a dose-dependent response following Composition A 

inhalation administration. On Day 119, similar results were obtained for the air control, 

control/vehicle and low dose with C3a fragment concentration in the BALF samples ranging 

from 0.91 and 2.18 ng/mL in the air control, from 0.32 to 2.37 ng/mL in the control/vehicle 

and from 1. 19 to 3.78 ng/mL in the low dose. For the mid dose and high doses, C3a fragment 

concentrations were similar to both control groups from Day 92 and Day 119 with 

concentrations ranging from 0.87 to 1.90 ng/mL for Group 4 and from 0.60 to 3.10 ng/mL for 

Group 5.  

[0714] On Day 92, sC5b-9 concentrations were <LLOQ (50.00 ng/mL) for air control, 

vehicle/control and low dose animals, indicating that the administration with Composition A

Placebo (LNP formulation with no mRNA) or low dose level of Composition A had no 

notable effect on sC5b-9 levels in the bronchoalveolar lavage fluid of the animals. Five out 

of six (5/6) animals in the mid dose and four out of six (4/6) animals in the high dose showed 

sC5b-9 levels above the LLOQ, ranging from 56.53 to 102.11 ng/mL and 52.29 to 155.13 

ng/mL. respectively. The increase in sC5b-9 concentrations were related to the increased 
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dose levels as compared to the low dose groups. However, similar results were noted 

between Groups 4 and 5. suggesting a plateau response achieved at 0.26 mg/kg/week. On 

Day 119, animals in all five groups showed sC5b-9 concentrations <LLOQ, indicating that 

the changes of sC5b-9 levels in mid and high doses were transient and returned to control 

values after a four-week recovery period.  

[0715] On Day 89. exposure to Composition A caused dose-dependent increases in serum 

and BALF levels of IP-10 in the mid and high doses. IP-10 levels were sustained up to 

termination in the mid dose while slowly decreased toward baseline in the high dose, but 

overall IP-10 remained above pre-treatment levels. In addition, increases in BALF levels of 

IL-6 were observed in the high dose on Day 89 returning to air control levels by Day 119.  

No effects were reported on the levels of IFN-a2a, IFN-y IL-1, IL-4, IL-10, IL-17A, 

MCP-1 and TNF-c in either serum or BALF samples as well as on the concentrations of IL-6 

in serum samples.  

[0716] On Day 92, neutrophils were increased in BAL fluid in the control/vehicle, low mid 

and high doses compared to the air control group; these increases were more substantial in 

the high dose group. There was also a statistically significant decrease in absolute and 

percent alveolar macrophages in control/vehicle, mid and high doses. At the end of the 

Recovery period (Day 119), all changes observed on Day 91 had generally recovered.  

[0717] Upon necropsy on Day 92, changes attributed to the administration of Composition 

A were observed in absolute and relative lung/trachea weights in males and females at > 0.26 

mg/kg/week. The increased lung/trachea weights correlated with the microscopic findings of 

chronic inflammation, increased alveolar macrophages and increased cellularity of the 

bronchial-associated lymphoid tissue observed in the lungs. At the end of the recovery 

period, the changes in the lung/trachea weights were reversed in males and females.  

[0718] Upon necropsy on Day 92, dose-related alveolar inflammatory cell infiltrate 

(minimal to mild), perivascular mononuclear cell infiltrate (minimal to mild) and alveolar 

accumulation of vacuolated macrophages (minimal to mild) were observed in all dose levels 

in a dose-related manner. Dose-related minimal to mild multifocal inflammation was found 

in 3/6 animals dosed at mid dose and in 6/6 animals dosed at high dose. Alveolar 

accumulation of vacuolated macrophages was found only in animals treated 

with Composition A and was considered to be a consequence of pulmonary alveolar 

accumulation of the test item. Increased cellularity of the tracheo-bronchial lymph node was 

observed in animal groups treated with Composition A in a dose-related manner. Affected 

were 1/6 animals dosed at 0.11 mg/kg/week (mild), 2/6 animals dosed at mid dose and 6/6 
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animals dosed at high dose (mild to moderate). Minimal inflammatory cell infiltrate was found 

in 1/6 animals dosed at mid dose and in 1/6 animals dosed at high dose. Findings in the 

tracheo-bronchial lymph node were considered to be a consequence of lesions observed in the 

lungs.  

[0719] Upon necropsy on Day 119, minimal accumulation of alveolar vacuolated 

macrophages in the lungs was observed in 1/4 animals treated with control/vehicle. 2/4 

animals dosed at low dose, 0/4 animals dosed at mid dose and 2/4 animals dosed at high dose.  

Minimal perivascular mononuclear cell infiltrate was found in 2/4 animals dosed at low dose, 

4/4 animals dosed at mid dose and 3/4 animals dosed at high dose. Higher incidence of 

increased alveolar cellularity was observed in animals dosed at high dose, when compared 

with other animal groups. Affected were 1/4 air control, 0/4 control/vehicle, 0/4 animals 

dosed at low dose, 1/4 animals dosed at mid dose and 3/4 animals dosed at high dose.  

Minimal alveolar inflammatory cell infiltrate was observed in one air control animal, one 

control/vehicle animal, one low dose animal, one mid dose animal and no animal dosed at 

high dose and was considered to be incidental rather than Composition A-related. There was 

no evidence of any dose-relationship, and all findings were considered to be continuing to 

recover.  

[0720] In conclusion, an inhalation administration of Composition A was well-tolerated 

during the treatment period utilizing a maximum exposure time of 48 minutes three times per 

week to an achieved dose of 0.51 mg/kg/week in monkeys. Therefore, the no-adverse effect 

level (NOAEL) was considered to be 0.51 mg/kg/week Composition A. the highest dose 

tested.  

EXAMPLE 13: SINGLE DOSE LIQUID INHALATION TOXICOLOGY STUDY IN 
CYNOMOLGUS MONKEYS 

[0721] The experiments were performed to study toxicology of single-dose inhalation of 

Composition A in Cynomolgus Monkeys. The experimental design is detailed in Table 26.  

Table 26. The experimental design of Example 13 

Achieved Total Achieved Aerosol 

Group Group Inhaled Dose Level Conc. of Exposure Number of 

Numbers Designation Composition A- Composition A- Duration Animals 
DHAIl-HA DHAI1-HA (minutes) 

(mg/kg) (mg/L) M F 

1 Vehicle# 0 0 90 1 1 
Control 

2 Low Dose 0.11 0.00724 30 4 4 
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3 High Dose 0.34 0.00724 90 4 4 
Cone = Concentration; M =males; F = females 

[07221 Following a single dosing, selected animals were euthanized and subjected to a 

necropsy examination as follows (1 animal/sex/group for each time point): 6-hour post end of 

exposure, 24-hours post end of exposure, 72-hours post end of exposure, and 7-days post of 

exposure. Group 1 animals were terminated at 24-hours post end of exposure.  

[0723] A series of blood samples were collected from each monkey atpre-treatment. 0.5 hr, 

I hr, 6 hr, 24 hr, 48 hr. and 7 days post-administration. Tissue samples were collected in 

duplicates from lung (from at least three locations), oropharynx/nasopharynx, liver, and 

spleen tissue. Representative sections of the right lung were collected from the caudal, 

cranial, and middle lobes and sliced into 6 pieces each (2 per lobe per assay) of 

approximately 0.5 cm3 size from the bronchi opening (proximal to distal part of the lobe).  

Representative sections of the liver and spleen (6 x 1/2cm3 punches) were collected at 

termination from each animal. For the multiplex immunofluorescence assay, eight 5 mm 

tissue samples from different left lung regions capturing bronchi, large and small conducting 

airways, and alveoli were collected. Two 5 mm tissue samples from trachea and two 5 mm 

tissue samples from nasopharynx containing respiratory epithelium were collected. The 

samples were fixed with 10% NBF for 24 hrs and then embedded in paraffin.  

[0724] Using digital RT-PCR, the levels of DNAIl-HA mRNA were measured in blood, 

lung, liver, and spleen samples following administration of Composition A-DNAIl-HA.  

[07251 The levels of DNAll-HA mRNA measured in each of the three lung locations 

sampled at 6 hr post-exposure are shown in FIG. 95. Each of these three locations had high 

levels of DNAIl-HA mRNA, with a mean of 987,729 to 610,725 copies/pL in the high dose 

animals and 418,360 to 183,122 copies/pL in the low dose group. These results indicate that 

DNAIl-HA mRNA was widely dispersed throughout the lung following exposure. DNAl

HA mRNA was not detected in lung tissue from vehicle control animals.  

[0726] A time course of DNAIl-HA mRNA levels in lung tissue following administration 

is shown in FIG. 96. Plotted for each animal is the mean of the values from the three sampled 

lung regions. Peak levels were seen at 6 hr post-dosing and levels dropped rapidly to 16% in 

the high dose group and 25% in low dose group remaining at 24 hr. By 72 hr post

administration, 0.13% and 0.8% of the peak levels were remaining in the high and low dose 

groups, respectively. At 7 days, post-exposure, mRNA could be detected at low levels, with 

only 0.03% to 0.07% of peak levels remaining.  
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[0727] Levels of DNAIl-HA mRNA were measured in liver and spleen tissue from the 

high dose and vehicle control groups at 6 hr post-administration. DNAIl-HA mRNA was not 

detected in spleen or liver tissue from the vehicle control group. In the high dose group 

samples, only one spleen sample had detectable DNAII-HA mRNA at 434 copies/pL. Since 

mRNA was not detected in most high dose group samples at 6 hr, additional samples from 

the low dose group or later time points were not analyzed.  

107281 Next. DNAIl-HA mRNA levels were measured in blood samples from the high 

dose group at pre-treatment, 0.5 hr, 1 hr, 6 hr, and 24 hr. DNAl -HA mRNA could be 

detected at low levels, 228 to 2038 copies/pL, at 0.5 hr. Highest levels were seen at 1 hr post

exposure at 538 to 5795 copies/ptL. Levels at 6 hr ranged from 196 to 683 copies/ptL. At 24 

hr posttreatment. DNAI-HA mRNA was detected at 159 to 190 copies/ptL. Peak levels in 

blood at 1 hr were between 0.09% to 0.58% of peak lung tissue levels measured at 6 hr post

exposure. Since the blood levels of DNAll-HA mRNA in the high dose group were very low 

as compared to lung tissue levels, additional samples from the low dose group or later time 

points were not analyzed.  

[07291 Levels of the LNP component lipids 4A3-SC7,14:0 EPC. and DMG-PEG were 

measured in blood, lung, liver, and spleen samples following administration of Composition

DNAl-HA. Blood samples were collected at pre-treatment, 0.5 hr, 1 hr, 6 hr, 24 hr, 48 hr, 

and 7 days postadministration and processed to separate the plasma and blood cell fractions.  

Spleen and liver samples were collected at 6 hr, 24 hr, 72 hr, and 7 days post-exposure. Lung 

tissue was sampled in three locations from the right lung of each animal: Caudal lobe, cranial 

lobe, and middle lobe at each necropsy time point.  

[0730] A time course of 4A3-SC7 lipid levels in lung tissue is shown in FIG. 97. Plotted 

for each animal is the mean of the values from the three sampled lung regions. Peak levels 

were seen at 6 hr post-exposure and levels dropped rapidly with 13% of the low dose signal 

and 0.6% of the high dose signal remaining at 72 hr. By 7 days post-administration, all 

samples were below the limit of quantitation except for the caudal lobe sample from animal 

in the high dose group. Some variation in the 4A3-SC7 values between animals and the lung 

location sampled was noted. For example, in the high dose group at 6 hr post-exposure, levels 

of 4A3-SC7 ranged from 9550 to 67,750 ng/mL.  

[0731] A time course of 14:0 EPC lipid levels in lung tissue is shown in FIG. 98. Plotted 

for each animal is the mean of the values from the three sampled lung regions. Peak levels 

were seen at 6 hr post-administration and levels of 14:0 EPC dropped rapidly with 13.2% of 

the low dose signal and 2.5% of the high dose signal remaining at 72 hr. By 7 days post
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dosing, 0.7% of the peak low dose signal and 0.8% of the peak high dose signal remained. As 

with 4A3-SC7. some variation in 14:0 EPC levels was seen between animals and between 

lung regions samples. As an example, in the high dose group (group 3) at 6 hr post

administration, levels of 14:0 EPC ranged from 13,860 ng/g to 66,675 ng/g. In the liver 

samples tested, all values for 14:0 EPC were not detected except for high dose sample at 6 hr, 

which, while having detectable 14:0 EPC, was below the assay LOQ. For the spleen samples 

examined, all values for 14:0 EPC were not detected expect for high dose sample at 6 hr.  

which had a value of 9.56 ng/g. In the blood cell fraction samples, eight samples, all from the 

high dose group, had detectable levels of 14:0 EPC. For the plasma samples tested, six high 

dose (group 3) samples had detectable 14:0 EPC (Table 3). Three were below theassay LOQ, 

while the remaining three gave values of 0.99 ng/mL (1 hr), 1.97 ng/mL (6 hr), and 1.03 

ng/mL (1 hr). The remaining plasma samples did not have detectable 14:0 EPC.  

[0732] A time course of DMG-PEG levels in lung tissue following administration is shown 

in FIG. 99. Plotted for each animal is the mean of the values from the three sampled lung 

regions. Peak levels were seen at 6 hr post-exposure and dropped rapidly with levels not 

detectable by 72 hr. There were some variations in DMG-PEG levels between animals and 

lung regions sampled. For example, in the high dose (group 3) samples at 6 hr, values ranged 

from 1830 to 19,150 ng/g.  

[0733] To examine expression of DNAIl-HA protein in specific airway epithelial cell 

types, a multiplex immunofluorescence panel consisting of airway cell-type markers and an 

anti-HA antibody was used. From each animal, eight 5 mm tissue samples from different left 

lung regions capturing bronchi, large and small conducting airways, and alveoli were 

collected. Two 5 mm tissue samples from trachea and two 5 mm tissue samples from 

nasopharynx containing respiratory epithelium were also collected.  

[07341 Four lung samples for each 6 hr vehicle control (group 1), low dose (group 2), and 

high dose (group 3) were analyzed in the multiplex immunofluorescence assay. The samples 

analyzed were taken from the left caudal lobe and were numbered from section 1, most 

cranially - closest to the attachment of the trachea, to number 8 most caudally - most distal 

from the trachea. For this analysis, sections 2. 4, 6, and 8 were used to have representative 

sections across the caudal lobe.  

[0735] A summary of the DNAIl-HA cell type expression seen in the lung samples 

analyzed is shown in FIG. 100. The %DNAIl-HA+ population for each cell type was 

calculated by combining the cell counts from all four examined lung sections per animal. The 

total number of cells counted per animal ranged from 225,419 to 319,654. From the total of 
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all cells counted, the assay background, as determined by the vehicle control group, was 0.12 

±0.14% HA+ cells. The low dose group had a total of 0.10 0.11% HA+ cells and the high 

dose group had a total of 2.28 2.48% HA+ cells.  

[0736] For the total epithelial cell (EpCAM+) population, the DNAIl-HA+ assay 

background was 0.50 0.56% (vehicle group). In the low dose group, 0.27 ±0.26% of 

epithelial cells was HA+. In the high dose group, 8.00 ±8.58% of epithelial cells were 

DNAIl-HA+. In the club cell (SCGBA1/Uteroglobin+) population, the HA+ assay 

background was 1.81± 1.67% as shown by the vehicle group. In the low dose group 1.26 

1.47% of club cells were DNAIl-HA+, while in the high dose group 19.75 ± 19.06% of the 

club cells were DNAIl-HA+. For the goblet cell (MUCSB+) population, the vehicle control 

group had 0.10 1.15% HA+ cells, reflecting the assay background. In the low dose group, 

0.79 0.83% of the goblet cells were HA+, while in the high dose group, 8.25± 11.02% of 

the cells were DNAII-HA+. Looking at the basal cell (Cytokeratin 5+) population, the assay 

background was 0.88 1.05% (vehicle control group). The low dose group had 0.90 ± 1.05% 

HA+ basal cells and the high dose group had a total of 13.82 17.15% DNAIl-HA+ basal 

cells. In the ciliated cell (Acetylated tubulin+) population, 0.83 0.92% of the vehicle group 

ciliated cells were HA+, while in the low dose group 0.49 0.62% of the ciliated cells were 

HA+. In the high dose group, 3.73 ± 3.55% of the ciliated cells were DNAIl-HA+. For the 

alveolar type II (ATII) cell (Pro-SP-C+) population, 1.61 1.90% of the ATII cells were 

scored HA+. In the low dose group, 1. 6 1±2 .12% were scored HA+ and in the high dose 

group 21.00±23.19% of the ATII cells were DNAIl-HA+. Overall, the highest levels of 

DNAI-HA expression were seen in samples from the high dose group. For the low dose 

group, the % HA+ cell populations counted were not significantly different than those seen in 

the vehicle control group.  

[07371 To assess airway epithelial cell-specific expression of DNAIl-HA protein in the 

trachea, two samples were collected from each animal, one from the proximal region and the 

other from the carina region of the trachea. For the multiplex immunofluorescence analysis, 

samples taken at 6 hr postadministration were analyzed. For the vehicle control (group 1) and 

low dose (group 2) groups, one carina trachea sample was analyzed per animal. For the high 

dose group (group 3), both trachea samples were analyzed.  

[0738] A summary of the DNAIl-HA cell specific expression detected in the trachea 

samples examined is shown in FIG. 101. The %DNAIl-HA+ populations for each cell type 

were calculated for each trachea section examined. The total number of cells counted per 

section ranged from 5,604 to 25,436. Looking at all cells counted, the assay background, as 
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determined by the vehicle control group, was 0.34 0.31% HA+ cells. In the low dose group, 

0.48 0.11% of all cells were HA+, while in the high dose group 1.43 1.55% of all cells 

were HA+. For the epithelial cell (EpCAM+) population, the DNAII-HA+ assay background 

was 0.71 + 0.64% (vehicle group). In the low dose group, 0.73 + 0.22% of epithelial cells 

were HA+. In the high dose group, 3.12 3.27% of epithelial cells were DNAIl-HA+. In the 

club cell (SCGB1A1/Uteroglobin+) population, the HA+ assay background was 1.23± 

1. 4 5 % as shown by the vehicle group. In the low dose group 0.62 0. 87 % of club cells were 

DNAII-HA+, while in the high dose group 5.84 8.34% of the club cells were DNAII-HA+.  

[0739] For the goblet cell (MUCSB+) population, the vehicle control group had 1.40+ 

1.54% HA+ cells, reflecting the assay background. In the low dose group, 0.76 ±0.59% of 

the goblet cells were HA+. while in the high dose group 3.73 4.71% of the cells were 

DNAIl-HA+. In the basal cell (Cytokeratin 5+) population, the assay background was 0.23 

0.01% (vehicle control group). The low dose group had 0.50 + 0.05% HA+ basal cells and 

the high dose group had a total of 1.46 1.62% DNAIl-HA+ basal cells. Looking at the 

ciliated cell (Acetylated tubulin+) population, 0.36 0.13% of the vehicle group ciliated cells 

were HA+. while in the low dose group 0.22 ±0.09% of the ciliated cells were HA+. In the 

high dose group, 0.77 0.79% of the ciliated cells were DNAIl-HA+.  

[0740] Next, the airway epithelial cell-specific expression of DNAIl-HA protein in 

samples from the nasopharynx or oropharynx was assessed using the multiplex 

immunofluorescence assay. Two nasopharynx or oropharynx samples were collected from 

each animal. For the multiplex immunofluorescence analysis, samples taken at 6 hr post

administration were analyzed. For the vehicle control (group 1) and low dose (group 2) 

groups, one sample was analyzed per animal. For the high dose group (group 3), both 

samples were analyzed.  

[07411 A summary of the DNAII-HA cell specific expression detected in the 

naso/oropharynx samples examined is shown in FIG. 102. The %DNAIl-HA+ populations 

for each cell type were calculated for each section imaged. The total number of cells counted 

per section ranged from 58,993 to 145,142. For the total cell population, the assay 

background, as determined by the vehicle control group, was 0.09 ±0.04% HA+ cells. In the 

low dose group, 0.51± 0.50% of all cells were HA+, while in the high dose group 0.25± 

0.25% of all cells were HA+. For the epithelial cell (EpCAM+) population, the DNAIl-HA+ 

assay background was 0.07 0.03% (vehicle group). In the low dose group, 0.52 0.47% of 

epithelial cells were HA+. In the high dose group, 0.37 0.38% of epithelial cells were 

DNAIl-HA+. In the club cell (SCGB1AI/Uteroglobin+) population, the HA+ assay 
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background was 0.50 0.15% as shown by the vehicle group. In the low dose group 2.23± 

3.15% of club cells were DNAIl-HA+, while in the high dose group 0.83 ±0.67% of the club 

cells were DNAII-HA+. For the goblet cell (MUCSB+) population, the vehicle control group 

had 0.04 + 0.03% HA+ cells, reflecting the assay background. In the low dose group, 0.18 + 

0.11% of the goblet cells were HA+, while in the high dose group 0.13 ±0.12% of the cells 

were DNAIl-HA+. In the basal cell (Cytokeratin 5+) population, the assay background was 

0.11 0.04% (vehicle control group). The low dose group had 0.27 ±0.35% HA+ basal cells 

and the high dose group had a total of 0.24± 0.33% DNAII-HA+ basal cells. For the ciliated 

cell (Acetylated tubulin+) population, no HA+ cells were counted in the vehicle group, while 

in the low dose group 0.13 ±0.18% of the ciliated cells were HA+. In the high dose group, 

1.21 1.69% of the ciliated cells were DNAIl-HA+.  

[07421 Lung samples from Composition A-DNAII-HA treated animals were examined for 

expression of DNAIl-HA protein using both westem blot and ELISA assays. Lung samples 

were taken in duplicate from three different regions of the right lung: Caudal, cranial, and 

middle lobes. Since previous studies have shown that DNAIl-HA expression peaks at 6 hr 

postadministration, western blot samples from the high dose (group 3) animals taken at 6 h 

post-exposure were analyzed (FIGS. 103A-103B). As shown in FIG. 103A, using an anti

HA antibody we were unable to clearly detect a band of the correct size for the DNAIl-HA 

protein in any of the lung samples. In the same samples, expression of the endogenous 

monkey DNAIl protein was also measured (FIGS. 103A-103B). In nine of the samples, a 

band of the correct size (79.2 kDa) was observed, however, several of them the amount full

length DNAIl protein present is lower than predicted based on previous analyses of similar 

samples. In two samples (3001 caudal, 3502 caudal), the 80 kDa band was not detected. In 

addition, lower molecular weight bands were also detected by the anti-DNAIl antibody, 

which could be degradation products of the full-length monkey DNAIl protein.  

[0743] These results demonstrate that aerosol delivery to the lung in the NHP model 

produces high levels of DNAIl-HA mRNA in the lung and low exposure in other tissues; 

high levels of non-endogenous LNP component lipids were seen in the lung with rapid 

clearance and low exposure to other tissues, indicating significant cell/tissue tropism and 

specificity and expression of DNAIl-HA protein inthe relevant PCD target cells.  

212



WO 2024/123633 PCT/US2023/082205 

EXAMPLE 14: SINGLE DOSE LIQUID INHALATION TOXICOLOGY STUDY 
FOLLOWED BY A 14 DAY RECOVERY PERIOD IN SPRAGUE
DAWLEY RATS 

[0744] The experiments were performed to study toxicology of single-dose liquid 

inhalation followed by a 14 day recovery period of Composition A in Sprague-Dawley rats.  

The experimental design is detailed in Table 27.  

Table 27. The experimental design of Example 14 

Achieved Inhaled Dose Main Recovery Toxicokinetic 
Group Group Level of Composition A- Animals Animals Animals 

Number Designation DNAI1 
(mg/kg) M F M F M F 

1 Air Control 0 10 10 10 10 3 3 

2 VeCletro 0 10 10 10 10 9 9 

3 Low 0.39 10 10 10 10 9 9 
4 Mid 0.80 10 10 10 10 9 9 
5 High 1.33 10 10 10 10 9 9 

# Control/Vehicle animals were admimstered Composition A-DNAIl I-Placebo (LNP formulation with no 
mRNA) 
M = males; F = females 

[0745] Using quantitative RT-PCR, the levels of hDNAIl mRNA were measured in blood, 

lung, liver, and spleen tissue following administration of Composition A-DNAI. Blood 

samples were collected from 3 male and 3 female animals per group at 0.5 hr, 1 hr. 6 hr, 24 

hr, 48 hr, 72 hr. 168 hr. 240 hr. and 336 hr post-administration. Lung., liver, and spleen tissue 

was collected from 3 male and 3 female animals per group at 24 hr and 336 hr post

administration. Two lung samples, two liver samples, and 1 spleen sample was collected from 

each animal. For the air control group. blood samples were collected at 1 and 24 hrs and 

tissues samples only at 24 hrs post-administration.  

[0746] Levels of hDNAIl mRNA measured in lung samples at 24 hr and 336 hr post

treatment are shown in FIG. 104. At 24 hr, levels in group 3 (0.39 mg/kg) samples ranged 

from 2.2x106 to 2.4x107 copies/g total RNA. In group 4 (0.8 mg/kg) samples. levels ranged 

from 3.6x 106to8.3x10copies/pg total RNA. For group 5 (1.33 mg/kg) samples, hDNAI 

mRNA levels were between 7.3x106 to 4.1x10 8 copies/pg total RNA. Clearance of the 

hDNAIl mRNA was observed at 336 hr with the exception of three samples, one in each 

treatment group, remaining above the assay LOQ (250 copies/pg total RNA) and representing 

between 0.001% to 0.04% of 24 hr lung levels. mRNA was not detected in the air or placebo 

(empty LNP) control groups.  
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[0747] Levels of hDNAIl mRNA measured in liver samples at 24 hr and 336 hr post-dose 

administration are shown in FIG. 105. All samples from the control groups, group 1 air 

control and group 2 placebo (empty LNP) were below the assay LOQ at both time points. For 

group 3 (0.39 mg/kg) liver samples, 3 of the 12 samples had levels above the assay LOQ, 

ranging from 530 to 2978 copies/pg total RNA which were 0.01% to 0.02% of the 24 hr lung 

signal for this group. For group 4 (0.8 mg/kg) liver samples, 7 of the 12 samples had values 

ranging from 795 to 18,743 copies/pg total RNA, representing 0.02% of the 24 hr lung signal 

for this group. For group 5 (1.33 mg/kg) liver samples, 8 out 12 were above the assay LOQ 

with values ranging from 1,255 t 13,790 copies/pg total RNA, representing 0.02% to 0.003% 

of the 24 hr lung signal for this group, with the exception of one outlier sample (5523S) with 

high value of 7.2x107 copies/pg total RNA. At 336 hr (14 days), all liver samples tested were 

below the assay LOQ.  

[0748] Levels of hDNAIl mRNA in spleen samples at 24 hr and 336 hr post-treatment are 

shown in FIG. 106. At both timepoints, all samples from groups I (air control) and 2 

(placebo/empty LNP) were below the assay LOQ. At 24 hr, one out of six samples from 

group 3 (0.39 mg/kg) had detectable mRNA with a value of 847 copies/pg total RNA, which 

was 0.004% of the 24 hr lung level. Levels in five out of six group 4 (0.8 mg/kg) samples 

ranged from 1,086 to 65,412 copies/ig total RNA, representing 0.03% to 0.08% of the 24 hr 

lung signal. For group 5 (1.33 mg/kg), four out of six samples had mRNA levels ranging 

from 913 to 6197 copies/pg total RNA, which was between 0.01% to 0.002% of 24 hr lung 

levels. At 336 hr, all spleen samples tested were below the assay LOQ.  

[0749] Levels of hDNAIl mRNA measured in whole blood are shown in FIG. 107.  

hDNAIl mRNA was detected across all dose groups, including similar levels in some 

animals in the negative control groups (both the air and placebo (empty LNP) groups), likely 

due to cross-contamination during sample handing/preparation. As such, data on systemic 

blood exposure of hDNAI1I mRNA are not considered interpretable.  

[0750] In conclusion, following a single inhalation administration of Composition-DNAIl 

in rats, high levels of DNAIl mRNA are delivered to the lung with minimal systemic 

exposure in blood, liver, spleen.  

EXAMPLE 15: IN VITRO PHARMACOLOGY OF COMPOSITION A 

[0751] The experiments were performed to demonstrate that DNAI1 mRNA delivered as 

nebulized Composition A-DNAl can be effectively translated in hBE and can restore ciliary 

function in otherwise non-motile hBE (in an engineered in vitro model of PCD).  
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[0752] Although aDNAI knock-out mouse model has been described in the literature 

(DnaicIKO), this model does not develop the lung phenotype observed in PCD patients that 

underlies much of the disease-associated morbidity. Therefore, to evaluate the therapeutic 

potential of Composition A, a human in vitro translational model was developed for PCD 

patients with pathogenic biallelic mutations in DNAIl using small hairpin RNA (shRNA) to 

knockdown DNAII in primary human airway (bronchial) epithelial cell cultures (DNAI-KD 

hBE). hBEs are considered the most appropriate model available for assessing the therapeutic 

approach given that these primary human airway cultures reproducibly recapitulate several 

key features of the respiratory epithelium, including relevant cell types (basal, ciliated, and 

secretory cells) and cellular characteristics (tight gap junctions, synchronized ciliary activity, 

mucus secretion). In addition, hBEs cultured at the air-liquid interface have been used for the 

successful development of new therapies for Cystic Fibrosis.  

[0753] Primary WT-hBEs used to generate the PCD model had normal ciliated surfaces 

and representation of all relevant cell types (shown in FIG. 108), as well as ciliated cells with 

cilia that beat at frequencies consistent with reported literature (7-16 Hz).  

[0754] To knockdown the expression of DNALl in primary WT-hBEs, a commercially 

available lentiviral system was used to express an shRNA targeting DNAIl in the cell and 

puromycin N-acetyltransferase for puromycin resistance, introduced by the shRNA 

containing plasmid, enabled selection of transduced cells. Importantly, DNAIl-KD hBEs 

recapitulated the biochemical and functional defects (e.g., loss of ciliary beating) seen in the 

airways of PCD patients with pathogenic mutations in DNAI1 (FIG. 109; FIG. 110). The 

ciliated cell number was comparable between DNAI-KD and WT-hBEs (FIG. 110), but 

DNAIl-KD hBE cultures lacked or showed reduced levels of DNAIl protein (FIG. 109), 

DNAIl staining in the ciliarv axoneme (FIG. 110), and ciliary activity (FIG. 111). Other 

components of the outer dynein arm such as DNAI2 were also reduced (FIG. 109), consistent 

with literature descriptions of PCD defects and known interactions between DNAIl and 

DNAI2 that together form part of the intermediate dynein complex in the cytoplasm.  

[0755] Using the DNAIT KD-hBE model system, we demonstrated that hemagglutinin 

(HA)-tagged human DNAI (DNAI1-HA) mRNA encapsulated in the Composition A SORT 

LNP formulation (with identical LNP constituents to Composition A) and delivered via 

nebulization led to effective translation of DNAIl-HA protein in a dose-dependent manner as 

confirmed by westem blot (FIG. 112) and ELISA. Immunofluorescence of DNAI-HA further 

demonstrated that newly translated DNAII-HA protein was detected in ciliated cells and 

incorporated in a dose-dependent manner into the ciliary axoneme (FIG. 113 and FIG. 114) 
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based on co-staining for acetylated a-tubulin. The number of ciliated cells that stained 

positive for axonemal incorporation also increased as the dose increased. Incorporated 

DNAI-HA protein was detected throughout the length of the cilia within 24 hours of 

treatment, remaining detectable for up to 24 days, the longest timepoint assessed (FIG. 115).  

[0756] These data suggest that LNP delivered DNAIl mRNA can be translated into 

protein, which can integrate into the human ciliary axoneme and likely remains functional 

over an extended duration. The number of ciliated cells that stained positive for axonemal 

incorporation also increased as the dose increased. Thus, increasing the dose and frequency 

of administration will likely increase the amount of active ciliated surface area in PCD 

patients.  

[0757] Importantly, data from WT hBEs indicate that when DNAIl protein is not 

incorporated into the ciliary axoneme (including DNAIl protein expressed in non-ciliated 

cell types), most of the detectable protein is degraded within 48h post-treatment (data in FIG.  

116).  

[0758] Ciliary activity in hBEs was recorded and analyzed by Sisson-Ammons Video 

Analysis (SAVA) software (Ammons Engineering) to yield a ciliary % active surface area 

score for approximately 700 individual, non-overlapping field of views (FoVs). In DNAI

KD hBEs, ciliary activity is markedly reduced compared to wild-type. An increase in active 

ciliated surface area was observed within a week following two administrations by 

nebulization of Composition A-DNAIl and continued to increase over time with repeated 

administrations (2x/week) compared to KD hBE cultures treatedwith Composition A

TdTomato (FIG. 117). Over time, both control and Composition A-DNAIl treated cultures 

showed an increase in background ciliary activity. The increase in background activity was 

likely a result of the waning effect of the shRNA knockdown over time. The average ciliary 

beat frequency (CBF) observed in the treated groups ranged between 5-10 Hz and was 

consistent with the reported normal range in these cells (5-15 Hz), suggesting that translation 

of DNAIl protein resulted in restoration of normal ciliary activity.  

EXAMPLE 16: EFFICACIOUS HUMAN DOSE PREDICTION OF COMPOSITION 
A 

[0759] The experiments were performed to investigate the deposition of inhaled 

Composition A in the different regions of the lung and to facilitate the translation between 

efficacious in vitro exposures in a pharmacologically relevant model of PCD.  
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[0760] The multiple-path particle dosimetry (MPPD, version 3.04) software was employed 

to simulate inhaled aerosol deposition patterns in human and NHP lungs using the symmetric 

Yeh/Schum, Weibel, PNNL (Pacific Northwest National Laboratory), and Rhesus airway 

morphometry models, respectively. Results of MPPD modeling were then compared with 

experimental results described in in vitro pharmacology studies (Example 15) and an in vivo 

biodistribution study (Example 13) to estimate doses of Composition A likely to lead to 

efficacious exposures in humans. Specifically. modeling was performed based on aerosol 

delivery via either an eFlow 40 HO V device manufactured by PARI (eFlow Nebulizer, 

intended for clinical use) or an Aerogen Solo device (used in both NHP in vivo and in vitro 

studies), accounting for characteristic aerodynamic particle profile distribution (APSD) and 

delivered dose (DD). Comparability of aerosol characteristics generated using the eFlow 

Nebulizer and Aerogen Solo devices was also established to support this analysis.  

[0761] Results obtained using the symmetric Yeh-Schum, Weibel and PNNL lung models 

(Yeh and Schum, 1980) are summarized in FIG. 118. The comparison of simulated 

deposition fractions (FIG. 118) showed that between 65 (Yeh/Schum) and 73 (PNNL) % of 

total inhaled Composition A-containing droplets were deposited in the head, tracheobronchial 

(TB) and pulmonary (P) region combined, while the remaining portion was exhaled. All 

MPPD model outputs also showed that aerosols generated by the vibrating mesh eFlov 

Nebulizer System 40 HO V with mass median aerodynamic diameter (MMAD) of 4.93 im 

were more likely to deposit in the head and TB regions compared to the P region (FIG. 118).  

In the primary targeted TB region, model-dependent calculations revealed that about 20 

(Yeh/Schum) to 30 (PNNL) % of droplets got deposited. FIG. 119 presents the airway 

generational deposited fraction of aerosol droplets which clearly distinguishes the PNNL 

model from both Yeh/Schum and Weibel models based on a characteristic, elevated region 

surrounding generations 6 and 7. FIG. 120 details airway anatomy and identifies the primary 

TB target region spanning generations 0-16 of the conducting airways. FIG. 121 illustrates 

that calculated exposures per surface area were uniformly elevated across all models in the 

larger conducting airways (generations 0-8) compared to the bronchiolar transition zone 

(generations 9-16). Employing the PNNL model, the predicted human exposures of 

Composition A in the trachea, bronchi and bronchioles (generations 0-8) exceeded 1.9 

pg/cm2 (shown as top dashed line) with nebulizer loads of 5 mg, which was sufficient to 

rescue ciliary activity in presently described in vitro PCD model. Similarly, using the Weibel 

model after nebulizing a 5 mg dose, exposures in the larger conducting airways spanning 
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generations 0-8 exceed the 0.9 pg/cm2 (shown as lower dashed line) needed to enable 

translation of functional DNAIl protein and approximate.  

[0762] Considering predictions based on the Weibel and PNNL models, drug depositions 

were within the range of exposures needed to enable translation of functional DNAL protein 

(0.9 pg/cm2). When using the PNNL model, doses as low as 5 mg overlapped with exposures 

sufficient to rescue ciliary function after multiple dose administration in vitro (1.9 g/cm2 

per nebulized administration, see ReCode Report RD100).  

[0763] The calculated deposition fraction of aerosol particles in different regions of the 

NHP respiratory tract is shown in FIG. 122.  

[0764] A representative aerosol droplet size distribution for the high dose group obtained 

during SD-exposures (ITR 35199 report) showed a MMAD of 2.20 pm with GSD of 2.09.  

The fraction of particle deposition in the various regions followed the trend: head airway > 

tracheobronchial region > pulmonary region. While the deposition fraction in the head was 

the highest, accounting for 50.4% of the total airway deposition, FIG. 122 illustrates that 

only 6.8% of droplets deposit in the targeted TB region. Such exposures in the target TB 

region per surface area corresponded to depositions of approximately 1.9 pg/cm2 in trachea.  

bronchi and bronchioles (generations 0-8) and 0.1 pg/cm2 in the transitional, branching 

generations 9-15 of facemask wearing NHP.  

[0765] Predictions of inhaled Composition A deposition fractions in the human lung 

differed with respect to the varying computational models employed. For example, calculated 

deposition fractions in the targeted TB region calculated from three symmetric airway 

morphometry models range from 20.0 % (Yeh/Schum) to 24.5 % (Weibel) to 30.0 % 

(PNNL). Usage of the less conservative, PNNL model-based estimation would yield a 

deposition of 2.0 pg/cm2 in trachea, bronchi and bronchioles (generations 0-8) with nebulizer 

loads as low as 5 mg.  

[0766] Of note, the lowest dose sufficient to rescue ciliary activity in presently described in 

vitro PCD model was difficult to establish due to limitations of the in vitro model system 

(i.e., based on transient viral knockdown of DNAI) and the nebulization route via Vitrocell 

(i.e., feasible volume and concentration of Composition A-formulated DNAII mRNA for 

consistency in aerosolization). 1.9 pg/cm2 was the lowest dose tested that could be 

successfully differentiated from background levels of activity in the DNAIl-KD hBEs.  

However, in vitro exposures of 0.9 pg/cm2 were shown to be sufficient to detect newly 

expressed DNAI-HA protein in the ciliary axoneme.  
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[0767] These results indicate that the human lung exposures following clinical doses 

ranging from 5 to 8 mg of Composition A were within the range of doses sufficient to enable 

translation of functional DNAl protein (Weibel and PNNL calculations) and to restore 

ciliaryactivityinvitro(PNNL-based prediction). Furthermore, predicted human exposures 

overlapped with inhaled doses sufficient to drive DNAIl protein production in target cells of 

the lungs following lung exposure in NHPs in vivo.  

[0768] While the disclosure has been described in connection with proposed specific 

embodiments thereof, it will be understood that it is capable of further modifications and this 

application is intended to cover any variations, uses, or adaptations of the disclosure 

following, in general, the principles of the disclosure and including such departures from the 

present disclosure as come within known or customary practice within the art to which the 

disclosure pertains and as may be applied to the essential features hereinbefore set forth and 

as follows in the scope of the appended claims.  
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CLAIMS 

What is claimed is: 

1. An aerosolized pharmaceutical composition. comprising aerosol particles, the aerosol 

particles comprising lipid nanoparticles (LNPs).  

wherein the compositions capable of delivering the LNPs to a lung and/or a 

tracheobronchial region of a subject; and/or 

wherein the LNPs have one or more of: 

(a) an encapsulation efficiency (EE) greater than 50%, 

(b) mRNA integrity of greater than 50%, 

(c) a diameter from 20 nm to 600 nm, 

(d) a polydispersity of less than 0.6; and/or 

wherein the aerosol particles have one or more of: 

(a) amass median aerodynamic diameter (MMAD) between 1 m to 10 pm, 

(b) a geometric standard deviation (GSD) from 1 to 5, and 

(c) a fine particle fraction (FPF) percent of at least 50%.  

2. The aerosolized pharmaceutical composition of claim 1. wherein the composition 

comprises LNPs for selective delivery to one or more of goblet cells, secretory cells, 

club cells, basal cells, intermediate cells, serous cells, precursor cells, ionocytes, or 

ciliated cells.  

3. The aerosolized pharmaceutical composition of any one of claims 1-2, wherein the 

composition is capable of delivering the LNPs to the tracheobronchial region of a 

subject.  

4. The aerosolized pharmaceutical composition of any one of claims 1-2, wherein the 

composition is capable of delivering the LNPs to an upper airway, a central airway, or 

peripheral airway of the lung of the subject.  

5. The aerosolized pharmaceutical composition of any one of claims 1-3, wherein the 

LNPs have the EE greater than 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 

95%, 96%, 97%, 98%, 99%, or 100%, or wherein the LNPs have the EE of 50-95%, of 

60-95%, of 70-95%, of 80-95%, or of 90-95%.  
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6. The aerosolized pharmaceutical composition of any one of claims 1-4, wherein the 

LNPs have the mRNA integrity greater than 75%, 80%, 85%, 90%, 91%, 92%, 93%, 

94%, 95%, 96%, 97%, 98%, or 99% or, or wherein the LNPs have the mRNA integrity 

of 75-99%, of 80-95%, of 85-90%, or of 90-95%.  

7. The aerosolized pharmaceutical composition of any one of claims 1-6, wherein the 

LNPs have an mRNA integrity loss of less than a 20%, less than 15%, less than 10%, 

less than 5%, or of less than 5-20%, of less than 5-15%, or of less than 5-10%.  

8. The aerosolized pharmaceutical composition of any one of claims 1-7, wherein the 

LNPs have the polvdispersity of less than 0.5. less than 0.4. less than 0.3. less than 0.2.  

or less than 0.1.  

9. The aerosolized pharmaceutical composition of any one of claims 1-8, wherein the 

LNPs have the diameter of 20 to 180 nm, 30 to 180 nm. 40 to 180 nm, 50 to 180 nm. 60 

to 180 nm, 70 to 180 nm, 80 to 180 nm, 90 to 180 nm, 100 to 180 nm, or 50 nm, 60 nm, 

70 nm, 80 nm, 90 nm, 100 nm, 120 nm, 140 nm, 160 nm, or 180 nm.  

10. The aerosolized pharmaceutical composition of any one of claims 1-9, wherein the 

aerosol particles have the MMAD from 1 m to 9 pm or from 1 m to 8 pm, or from 1 

pm to 7 pm, or from 1I pm to 6 pm, or from 1 im to 5 pm, or from 1 m to 4 pm, or 

from 1 m to 3 pm, or from 1 m to 2 pm, or from 3 m to 5 pm.  

11. The aerosolized pharmaceutical composition of any one of claims 1-10, wherein the 

aerosol particles have the GSD from to 4, or from I to 3, or from I to 2, or 1, 1.5, 2, 

2.5, or 3.  

12. The aerosolized pharmaceutical composition of any one of claims 1-11, wherein the 

aerosol particles have the FPF of 55%, of 60%, of 70%, of 75%, of 80%, of 85%, or of 

90%.  

13. The aerosolized pharmaceutical composition of any one of claims 1-12, wherein the 

LNPs comprise one or more, two or more, or three or more of a phospholipid, an 

ionizable lipid, a polvethylene-glycol (PEG)-lipid, and a sterol.  
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14. The aerosolized pharmaceutical composition of any one of claims 1-13, wherein the 

composition further comprises one or more of the PEG-lipid, sucrose, and a buffer.  

wherein the buffer comprises a citrate buffer, an acetate buffer, or a Tris buffer.  

15. The aerosolized pharmaceutical composition of claim 14, wherein the PEG-lipid at a 

molar percentage between 2% and 8%.  

16. The aerosolized pharmaceutical composition of claim 14, wherein the sucrose is at a 

concentration from 1% to 15% w/v, 5% to 15% w/v, 1% to 10% w/v, or 5% to 10% 

w/v.  

17. The aerosolized pharmaceutical composition of claim 14, wherein the buffer is a citrate 

buffer, optionally at a pH from 4 to 8; an acetate buffer, optionally at a pH from 4 to 8; 

or a Tris buffer, optionally at a pH from 6 to 9.  

18. The aerosolized pharmaceutical composition of any one of claims 1-17, wherein the 

LNP comprises a payload.  

19. The aerosolized pharmaceutical composition of any one of claims 1-18. wherein the 

payload comprises an oligonucleotide, a polynucleotide. a peptide, or a protein, such as 

a nuclease, and antibody, or antibody chain.  

20. The aerosolized pharmaceutical composition of claim 19. wherein the polynucleotide 

comprises mRNA.  

21. The aerosolized pharmaceutical composition of claim 20, wherein the mRNA comprises 

about 1000 nucleotides (nt) to about 5000 nucleotides (nt), about 2000 nucleotides (nt) 

to about 5000 nt, about 2500 nt to about 5000 nt, about 3000 nt to about 5000 nt, about 

3500 nt to about 5000, about 4000 nt to about 5000 nt or about 4500 nt to about 5000 nt 

in length.  

22. The aerosolized pharmaceutical composition of claim 21, and wherein the mRNA 

encodes dynein axonemal intermediate chain 1 (DNAIl) protein or cystic fibrosis 

transmembrane conductance regulator (CFTR) protein.  
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23. The aerosolized pharmaceutical composition of any one of claims 19 to 22, wherein the 

polynucleotide has a concentration of 0.5-3.0 mg/mL, or of 1.0-3.0 mg/mL, or of 2.0

3.0 mg/mL or of 1.0 mg/mL.  

24. The aerosolized pharmaceutical composition of any one of claims 1-23, wherein the 

composition has a pH of 7.0. 7.1, 7.2, 7.3, 7.4. 7.5, 7.6, 7.7, 7.8. 7.9, or 8.0.  

25. The aerosolized pharmaceutical composition of any one of claims 1-24, wherein the 

composition has an apparent pKa 4 to 9.  

26. The aerosolized pharmaceutical composition of any one of claims 1-25, wherein the 

composition results in the expression of a protein from the mRNA in the lung of the 

subject.  

27. The aerosolized pharmaceutical composition of any one of claims 1-26, wherein the 

composition results in detection of a protein from the mRNA in the lung of the subject 

between 6 and 12 hours after delivery to the subject.  

28. The aerosolized pharmaceutical composition of any one of claims 1-27. wherein the 

LNPs comprise an ionizable lipid, a phospholipid, a PEG-lipid; and/or a sterol.  

29. The aerosolized pharmaceutical composition of claim 28, wherein the LNP comprise a 

second ionizable lipid.  

30. The aerosolized pharmaceutical composition of claim 28 or claim 29, wherein the LNPs 

comprise 1,2-dioleoyl-3-dimethylammonium propane (DODAP).  

31. The aerosolized pharmaceutical composition of claim 28 or claim 29, wherein the LNPs 

comprise 1,2-dioleoyl-3-dimethylammonium propane (DODAP) at a molar percentage 

between about 5% and about 50%, between about 5% and about 35%, between about 

20% and about 50%, between about 20% and about 50%, or at about 2 0 %.  

32. The aerosolized pharmaceutical composition of claim 28, wherein the LNP comprise a 

permanently cationic lipid.  

33. The aerosolized pharmaceutical composition of claim 32, wherein the permanently 

cationic lipid comprises a trimethylammonium group, optionally wherein the 
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permanently cationic lipid is 1,2-dimyristoyl-sn-glycero-3-ethylphosphocholine (14:0 

EPC).  

34. The aerosolized pharmaceutical composition of claim 32, wherein the permanently 

ionizable lipid comprises a trimethylammonium group, optionally wherein the 

permanently cationic lipid is dioleoyl-3-trimethylammonium propane (DOTAP).  

35. The aerosolized pharmaceutical composition of any one of claims 28-34, wherein the 

ionizable lipid is a dendrimeric lipid, optionally a dendrimeric lipid of Formula (I) or 

Formula (X), optionally 4A3-SC7 or 5A2-SC8.  

36. The aerosolized pharmaceutical composition of claim 35, wherein the LNPs comprise 

4A3-SC7, 14:0 EPC, DOPE, cholesterol, and DMG-PEG at molar percentages of about 

19%, about 20%. about 19%, about 39%, and about 3.8 %, respectively; and/or wherein 

the LNPs comprise a lipid to RNA (weight/weight) ratio of about 30.  

37. A liquid pharmaceutical composition for use in making the aerosolized pharmaceutical 

compositions of any one of claims 1-36.  

38. A method for delivering lipid nanoparticles (LNPs) to a lung cell of a subject, the 

method comprising nebulizing the liquid pharmaceutical composition of claim 37 to 

generate an aerosolized pharmaceutical composition, and administering the aerosolized 

pharmaceutical composition to the subject.  

39. A method of delivering a payload to a lung cell of a subject, the method comprising 

administering the aerosolized pharmaceutical composition of any one of claims 1-36 to 

the subject, wherein optionally the payload is a polynucleotide.  

40. A method for expressing a protein in the lung of a subject, the method comprising 

administering the aerosolized pharmaceutical composition of any one of claims 1-36 to 

the subject.  

41. A method for treating a lung disease in a subject, the method comprising administering 

the aerosolized pharmaceutical composition of any one of claims 1-36 to the subject.  
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42. The method of any one of claims 38-41, comprising the aerosol particles comprising 

lipid nanoparticles (LNPs) comprise an ionizable lipid, a phospholipid, a polyethylene

glycol (PEG)-lipid; and/or a sterol.  

43. The method of any one of claims 38-42, comprising the particles wherein the LNPs 

comprise a second ionizable lipid.  

44. The method of any one of claims 38-43, comprising the particles wherein the LNPs 

comprise 1,2-dioleoyl-3-dimethylammonium propane (DODAP).  

45. The method of any one of claims 38-44, comprising the particles wherein the LNPs 

stored in a buffer.  

46. The method of any one of claims 38-45, wherein the buffer is a citrate buffer, optionally 

at a pH from 4 to 8; wherein the buffer is an acetate buffer, optionally at a pH from 4 to 

8: or wherein the buffer is a Tris buffer, optionally at a pH from 4 to 8.  

47. The method of any one of claims 38-46, comprising the particles wherein the LNPs are 

nebulized using PARI* eFlow* device.  

48. The method of any one of claims 38-47, comprising the particles wherein the LNPs are 

nebulized using PARI* eFlow* device with mesh size of 40 HO V.  

49. The method of any one of claims 38-48, wherein the lung disease comprises primary 

ciliary dyskinesia (PCD) or cystic fibrosis (CF).  

50. The method of any one of claims 38-49 wherein the aerosolized particles are 

selectively delivered to the tracheobronchial region of the lung of the subject.  

51. The method of claims 38-50. wherein the aerosolized pharmaceutical composition of 

claim 1 is administered to the subject using a nebulizer, wherein the nebulizer is 

administered at an output rate from 0.1 to I m/min.  

52. The method of claims 38-51, wherein the aerosolized pharmaceutical composition is 

administered at an output rate of 0.5 mL/min.  
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53. The method of claims 38-52, wherein the aerosolized pharmaceutical composition is 

administered less than 60 minutes, 50 minutes, 40 minutes, 30 minutes. 20 minutes, 15 

minutes, 10 minutes, or 5 minutes.  

54. The method of claims 38-53, wherein the administering comprises administration via 

intranasal administration, intratracheal administration, or oral administration, wherein 

the administration step delivers the aerosolized pharmaceutical composition to the 

tracheobronchial region (TB).  

55. The method of any one of claims 38 to 54. wherein the subject is a human subject.  

56. A method for making the aerosolized pharmaceutical composition of any one of claims 

claims I to 37, the method comprising introducing a liquid pharmaceutical composition 

comprising the aerosolized pharmaceutical composition into a nebulizer, wherein the 

nebulizer is operated at an output rate of from 0.1 to I mL/min, or at an output rate of 

0.5 mL/min.  

57. A kit comprising a lipid nanoparticle composition comprising one or more of a 

phospholipid, an ionizable lipid, a PEG-lipid, a sterol, and a mesh, optionally 

comprising a polynucleotide.  

58. The kit of claim 57, wherein the phospholipid. the ionizable lipid, the PEG-lipid and the 

sterol are in a separate container from the polynucleotide, or wherein the phospholipid.  

the ionizable lipid, the PEG-lipid and the sterol are in a same container as the 

polynucleotide.  

59. A method of determining the amount of lipid nanoparticles (LNPs) in an aerosolized 

pharmaceutical composition, the method comprising: 

(a) contacting the aerosolized pharmaceutical composition with a filter comprising glass 

fibers; 

(b) extracting lipids from the filter with an extraction solution comprising ammonium 

ions, optionally ammonium acetate.  

60. The method of claim 58, wherein the method comprises measuring the amount of at 

least one lipid in the extraction solution.  

226



WO 2024/123633 PCT/US2023/082205 

61. The method of claim 58, wherein the measuring is performed by high performance 

liquid chromatography (HPLC).  

62. A lipid nanoparticle (LNP) composition, comprising an LNP, wherein the LNP 

comprises: 

1.2-dioleoyl-3-dimethylammonium propane (DODAP) at a molar percentage less than 

25% or less than 20%; 

a sterol at a molar percentage greater than 40%; and/or 

a messenger RNA (mRNA) at a lipid:mRNA ratio less than 40:1.  

63. A lipid nanoparticle (LNP) composition. comprising an LNP. wherein: 

the LNP specifically transduces secretory cells and/or ionocytes; and/or 

the LNP delivers mRNA to lung cells in an amount effective to increase expression 

and/or function of a protein encoded by the mRNA.  

64. The composition of claim 62, wherein: 

the LNP composition specifically transduces secretory cells and/or ionocytes; and/or 

wherein the LNP composition delivers mRNA to lung cells in an amount effective to 

increase expression and/or function of a protein encoded by the mRNA.  

65. The composition of any one of claims 62 to 64, wherein the LNP composition 

comprises: 

(a) an ionizable lipid; 

(b) a phospholipid; 

(c) a polyethylene-glycol (PEG)-lipid; and/or 

(d) a sterol.  

66. The composition of any one of claims 62 to 65, wherein the LNP comprises a second 

ionizable lipid.  

67. The composition of any one of claims 62 to 66, wherein the LNP comprises an anionic 

lipid.  

68. The composition of any one of claims 62 to 67, wherein the LNP comprises a 

permanently cationic lipid.  
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69. The composition of any one of claims 62 to 68, wherein the LNP comprises DODAP at 

a molar percentage less than 25% or less than 20%.  

70. The composition of claim 69, wherein the LNP comprises DODAP at a molar 

percentage between 5% and 25%, between 7.5% and 25%, between 10% and 25%, 

between 5% and 20%, between 7.5% and 20%, or between 10% and 20%.  

71. The composition of claim 69, wherein the LNP comprises DODAP at a molar 

percentage between 5% and 17.5%, between 7.5% and 17.5%, or between 10% and 

17.5%.  

72. The composition of claim 69, wherein the LNP comprises DODAP at a molar 

percentage of about 16%.  

73. The composition of any one of claims 62 to 68, wherein the LNP comprises cholesterol 

at a molar percentage greater than 40%.  

74. The composition of claim 73, wherein the LNP comprises cholesterol at a molar 

percentage between 40% and 60%, between 45% and 60%, or between 50% and 60 %.  

75. The composition of claim 73, wherein the LNP comprises cholesterol at a molar 

percentage between 40% and 55%, between 45% and 55%, or between 50% and 55%.  

76. The composition of claim 73, wherein the LNP comprises cholesterol at a molar 

percentage between 40% and 50% or between 45% and 50%.  

77. The composition of claim 73, wherein the LNP comprises cholesterol at a molar 

percentage of about 50%.  

78. The composition of any one of claims 62 to 77, wherein the LNP comprises messenger 

RNA(mRNA).  

79. The composition of claim 78, wherein the LNP comprises mRNA at a lipid:mRNA ratio 

less than 40:1.  

80. The composition of claim 79, wherein the lipid:mRNA ratio is between 20:1 and 40:1, 

between 25:1 and 40:1, between 35:1 and 40:1, or between 30:1 and 40:1.  
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81. The composition of claim 79, wherein the lipid:mRNA ratio is between 20:1 and 36:1, 

or between 25:1 and 36:1.  

82. The composition of claim 79, wherein the lipid:mRNA ratio is 36:1.  

83. The composition of claim 79, wherein the lipid:mRNA ratio is 25:1.  

84. The composition of any one of claims 62 to 83, wherein: 

(a) the ionizable lipid is 5A2-SC8 or 4A3-SC7; 

(b) the phospholipid is 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) or 1,2

distearoyl-sn-glycero-3-phosphocholine (DSPC); and/or 

(c) the polyethylene-glycol (PEG)-lipid is DMG-PEG, optionally DMG-PEG2000.  

85. The composition of any one of claims 62 to 83, wherein: 

(a) the ionizable lipid is 4A3-SC7 

(b) the phospholipid is DOPE; and 

(c) the polyethylene-glycol (PEG)-lipid is DMG-PEG.  

86. The composition of claim 84 or claim 85, wherein the LNP comprises a second 

ionizable lipid and the second ionizable lipid is DODAP.  

87. The composition of claim 84 or claim 85, wherein the LNP comprises a second 

ionizable lipid and the second ionizable lipid is 1,2-di--octadecenyl-3

trimethylammonium propane (DOTMA).  

88. The composition of any one of claims 62 to 87, wherein the ionizable lipid is 4A3-SC7 

and the LNP comprises 4A3-SC7 at a molar percentage between about 13% and about 

15%.  

89. The composition of any one of claims 62 to 87, wherein the ionizable lipid is 4A3-SC7 

and the LNP comprises 4A3-SC7 at a molar percentage of about 13% to about 15%.  

90. The composition of any one of claims 62 to 87, wherein the LNP comprises PEG-lipid 

at a molar percentage between about 2% and about 8%.  

91. The composition of claim 90, wherein the PEG-lipid at a molar percentage of about 3%.  
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92. The composition of claim 84 or claim 85, wherein the LNP comprises a neutral 

phospholipid and the neutral phospholipid is DOPE.  

93. The composition of claim 92, wherein the LNP comprises DOPE at a molar percentage 

between about 10% and about 25%.  

94. The composition of claim 92, wherein the LNP comprises DOPE at a molar percentage 

of about 11% or about 22%.  

95. The composition of any one of claims 62 to 94, wherein the LNP comprises: 

(a) 4A3-SC7 at a molar percentage of about 15% 

(b) DODAP at a molar percentage of about 16% 

(c) DOPE at a molar percentage of about 22%; 

(d) DMG-PEG2000 at a molar percentage of about 3%; and 

(e) cholesterol at a molar percentage of about 44%.  

96. The composition of any one of claims 62 to 94, wherein the LNP comprises: 

(a) 4A3-SC7 at a molar percentage of about 14%; 

(b) DODAP at a molar percentage of about 22% 

(c) DOPE at a molar percentage of about 11%; 

(d) DMG-PEG2000 at a molar percentage of about 3%; and 

(e) cholesterol at a molar percentage of about 50%.  

97. The composition of any one of claims 62 to 96, wherein the LNP comprises a payload.  

98. The composition of claim 97, wherein the payload is a messenger RNA (mRNA).  

99. The composition of claim 98, wherein the mRNA comprises between 100 bases and 8 

kilobases (kb).  

100. The composition of claim 98, wherein the mRNA comprises between 1 kb and 8 kb, or 

between 2 kb and 8 kb, between 3 kb and 8 kb, or between 4 kb and 8 kb.  

101. The composition of claim 98, wherein the mRNA comprises between 1 kb and 7 kb, or 

between 2 kb and 7 kb, between 3 kb and 7 kb, or between 4 kb and 7 kb.  

102. The composition of claim 98, wherein the mRNA comprises between 1 kb and 6 kb, or 

between 2 kb and 6 kb, between 3 kb and 6 kb, or between 4 kb and 6 kb.  
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103. The composition of claim 98, wherein the mRNA comprises (about) 2 kb.  

104. The composition of claim 98, wherein the mRNA comprises (about) 4.6 kb.  

105. The composition of any one of claims 98 to 104, wherein the mRNA encodes a cystic 

fibrosis transmembrane conductance regulator (CFTR) protein.  

106. The composition of any one of claims 98 to 104, wherein the mRNA encodes a Dynein 

axonemal intermediate chain 1 (DNAI1) protein.  

107. The composition of any one of claims 98 to 104 wherein the mRNA encodes a gene

editing system or components thereof 

108. The composition of any one of claims 97 to 107, wherein the payload is an shRNA or a 

polynucleotide encoding an shRNA.  

109. The composition of any one of claims 97 to 108, wherein the payload is a microRNA or 

a polynucleotide encoding a microRNA.  

110. The composition of any one of claims 62 to 109, wherein the composition is a 

pharmaceutical composition.  

111. The composition of any one of claims 62 to 110. wherein the composition is an 

aerosolized composition.  

112. The composition of any one of claims 62 to 111, wherein the LNP has an encapsulation 

efficiency of between 50% and 99%, between 60% and 99%, between 70% and 99%, or 

between 80% and 99%.  

113. The composition of any one of claims 62 to 111, wherein the LNP has an encapsulation 

efficiency of between 50% and 95%, between 60% and 95%, between 70% and 95%, or 

between 80% and 95%.  

114. A method of delivering a payload to a cell, comprising contacting a cell with the LNP 

composition according to any one of claims 62 to 113.  

115. A method of delivering expressing a protein or an RNA in a cell, comprises contacting 

a cell with an LNP composition according to any one of claims 62 to 113.  
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116. A method of increasing chloride flux ina cell, comprising contacting the cell with the 

LNP composition according to any one of claims 105. 107-113. wherein optionally the 

cell comprises homozygous inactivating mutations in the CFTR gene.  

117. The method of claim 116, wherein the method maintains transepithelial electrical 

resistance (TEER) or reduces TEER by at most 10%, at most 20%, or at most 30%.  

118. The method of any one of claims 114 to 117, wherein the cell is a lung cell.  

119. The method of claim 118, wherein the lung cell is a secretory cell and/or ionocyte.  

120. The method of claim 119, wherein the method specifically transduces the secretory cell 

and/or the ionocyte compared to other lung cells.  

121. The method of claim 118, wherein the lung cell is a ciliated cell.  

122. The method of claim 119, wherein the method specifically transduces the ciliated cell 

compared to other lung cells.  

123. The method of any one of claims 114 to 122, wherein the method comprises nebulizing 

the LNP composition to generate an aerosolized composition, then contacting the 

aerosolized composition with the cell.  

124. The method of any one of claims 114 to 122, wherein the LNP composition is an 

aerosolized composition, and the method comprises contacting the aerosolized 

composition with the cell.  

125. A method of delivering a payload to lungs of a subject, comprising administering to the 

subject a composition according to any one of claims 62 to 113.  

126. A method of treating or preventing lung disease in a subject, comprising administering 

to the subject a composition according to any one of claims 62 to 113.  

127. The method of claim 125 or claim 126, comprising nebulizing the composition prior to 

the administering step.  

128. The method of any one of claims 114 to 127, wherein the LNP composition is 

administered, as an aerosolized composition, by inhalation.  
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129. The method of any one of claims 114 to 126, wherein the method delivers to the lungs 

an effective amount of the LNP composition.  

130. The method of any one of claims 114 to 128, wherein the method delivers to the lungs 

an amount effective to treat the lung disease.  

131. The method of any one of claims 114 to 129, wherein the method is more effective than 

contacting the cell with or administering to the subject elexacaftor, tezacaftor, 

lumacaftor, ivacaftor, or a combination thereof.  

132. Use of a composition according to any one of claims 62 to 113 for treatment of a lung 

disease.  

133. A composition according to any one of claims 62 to 113 for treatment of a lung disease.  

134. A kit comprising a composition according to any one of claims 62 to 113 and a 

nebulizer mask and/or a mesh suitable for use in a nebulizer.  

135. A method of making an LNP composition according to any one of claims 62 to 113, 

comprising mixing the lipid components and the payload in conditions effective to 

assemble the LNPs comprising the payload.  

136. The method of claim 135, wherein the method comprising nebulizing the composition 

to generate an aerosolized LNP composition.  
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Pre-Dialysis Details

Post Dialysis Details*

Post Nebulization

Aprroximate

Nebulization Output

Sample #

Manufacturing

Initial Formulation

Particle Size (nm)

Particle Size

Post Dialysis

(nm) Post

Particle

Pre-neb

Process Details

Solo Post

Solo

Buffer

PDAP

Pre-Dialysis

Buffer

Dialysis

Size (nm)

EE%

Neb EE%

(uL/min)

(uL/min)

15mM Tris 75mM

1

NaCl, pH 7.5, 5%

90.5

302

90.1

55.6

200

400

Sucrose

2

Knauer Pump + TFF

15mM Citrate pH 4.0,

10% Sucrose

68.3

1X DPBS

88.3

477

92.6

3.2

200

400

3

15mM Citrate pH

72.9

4.0

273

91.1

91.1

70

N/A

15mM Tris 75mM

4

Knauer Pump + TFF

NaCl, pH 7.5, 5%

63.2

15mM Citrate pH
4.0, 10% Sucrose

76.7

174

92.8

90.1

70

Sucrose

N/A

15mM Tris 75mM

26.0

5

Knauer Pump + TFF

NaCl, pH 7.5, 5%

62.9

N/A

N/A

400

93.2

(Solo);

200

Sucrose

29.0

400

(PDAP)

Sample #

1

Composition X-CFTR, 1mg/mL

2

Composition X-CFTR, 1mg/mL

3

Composition X-CFTR, 1mg/mL

4

Composition B-CFTR, 1mg/mL

5

Composition B-CFTR, 1mg/mL

(300mg ITR Techtrial Batch)

FIG. 60



Storage at 2-8°C

Freeze-Thaw (Storage at -80°C)

RNA (mg/ml)

RNA (mg/ml)

Sample

Scale + Process

Z avg (nm)

PDI

EE (%)

Z avg (nm)

PDI

EE (%)

Ribogreen-AL

Ribogreen-AL

Composition X-CFTR-

HA 6mL 1mg/mL

RCD2100-22-KP-TFF-

001

0.5g (Knauer Pump +

59.8

0.10

94.1

94.5

DOM: 12SEP2022

1.11

63.0

0.10

1.01

TFF) Tech Trial Batch

Storage Buffer: 15mM

Citrate, 10% Sucrose

w/v

20220824-

Composition X-CFTR

15mM Citrate 10%

3mg (Syinge Pump

56.3

0.10

93.5

Mixing + PD10)

1.21

64.7

0,08

92.2

1.11

sucrose

pH 4

20220830-

6mg (Syinge Pump

56.6

Mixing + PD10)

0.11

94.0

1.08

74.7

Composition X-CFTR

0.08

93.4

1.06

FIG. 61
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Starting mRNA Buffer/

Sample#

Formulation Buffer

Sucrose % (w/v)

Citrate Inline Dilution

1

15mM Citrate pH 4.0

2

15mM Citrate pH 5.2

3

15mM Sodium Acetate pH 4.0

5

4

15mM Sodium Acetate pH 5.2

5

15mM Tris pH 5.2

6

10mM Citrate, pH4.0

15mM Tris pH 7.5

7

15mM Citrate pH 4.0

8

15mM Citrate pH 5.2

9

15mM Sodium Acetate pH 4.0

10

15mM Sodium Acetate pH 5.2

11

15mM Tris pH 5.2

12

15mM Tris pH 7.5

10

13

15mM Citrate pH 4.0

14

15mM Citrate pH 5.2

15

10mM Citrate, pH6.0

15mM Sodium Acetate pH 4.0

16

15mM Sodium Acetate pH 5.2

17

15mM Tris pH 7.5

FIG. 62B



F/T cycle 1

F/T cycle 2

F/T cycle 3

Sample#

Particle Size

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

(nm)

Index

efficiency

(nm)

Index

efficiency

(nm)

Index

efficiency

1

72

0.153

91

81

0.098

91

90

0.138

90

2

78

0.095

93

97

0.124

88

111

0.124

83

3

75

0.061

94

82

0.083

91

99

0.154

91

4

98

0.157

86

134

0.181

80

200

0.214

69

5

212

0.088

92

120

0.118

83

133

0.093

80

6

109

0.107

84

140

0.178

79

175

0.165

67

7

64

0.145

91

67

0.125

91

97

0.255

90

8

72

0.094

92

87

0.122

86

94

0.110

73

9

61

0.082

91

64

0.069

91

67

0.084

89

10

75

0.133

92

85

0.128

83

96

0.185

83

11

198

0.074

94

97

0.124

91

106

0.124

86

13

67

0.120

94

69

0.109

95

71

0.103

93

14

84

0.088

93

89

0.117

88

99

0.153

84

15

73

0.067

93

82

0.121

80

84

0.110

85

16

87

0.119

87

102

0.189

77

103

0.180

77

17

125

0.184

91

126

0.211

90

130

0.169

87
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Week 1

Week 2

Week 3

Week 4

Week 7

Sample#

Particle

%

Particle

%

%

Particle

Polydispersi

%

Polydispersi

Particle

%

Size

Encapsulation

Size

Polydispersit

Encapsulation

Polydispersit

Particle

Encapsulation

Size

Polydispers

ty Index

(nm)

ty Index

efficiency

(nm)

Size (nm)

y Index

Encapsulation

y Index

Encapsulation

efficiency

efficiency

(nm)

Size (nm)

ity Index

efficiency

efficiency

1

85

0.137

91

78

0.128

91

X

X

X

X

X

X

X

X

X

2

87

0.082

92

117

0.139

91

X

X

X

X

X

X

X

X

X

3

79

0.065

92

78

0.058

91

X

X

X

X

X

X

X

X

X

4

102

0.192

87

91

0.158

87

X

X

X

X

X

X

X

X

X

5

108

0.097

90

103

0.152

90

X

X

X

X

X

X

X

X

X

6

124

0.160

84

114

0.132

85

X

X

X

X

X

X

X

X

X

7

69

0.169

91

64

0.130

91

69

0.209

91

66

0.126

12811955

88

66

0.159

90

8

85

0.124

86

122

0.121

90

129

0.113

90

X

X

X

X

X

X

9

62

0.099

92

61

0.080

91

63

0.132

91

70

0.189

89

62

0.079

91

10

82

0.175

91

75

0.112

90

93

0.243

91

78

0.138

88

83

0.163

90

11

91

0.187

92

93

0.159

92

102

0.186

91

94

0.178

89

94

0.136

91

13

67

0.126

93

67

0.101

94

67

0.133

93

78

0.192

91

69

0.099

93

14

86

0.126

92

112

0.055

92

130

0.057

92

114

0.096

90

159

0.081

91

15

74

0.136

92

73

0.087

92

74

0.117

92

75

0.110

92

76

0.056

92

16

87

0.129

88

86

0.134

89

88

0.111

87

89

0.164

86

98

0.133

81

17

122

0.205

91

117

0.168

91

111

0.185

90

108

0.191

88

133

0.213

92
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Starting mRNA Buffer/

Sample#

Formulation Buffer

Sucrose % (w/v)

P188 %(w/v)

Citrate Inline dilution

1

15mM Citrate pH 4.0

2

15mM Sodium Acetate pH 4.0

0

3

15mM Sodium Acetate pH 4.9

4

15mM Histidine, pH 6.0

10mM Citrate, pH4.0

5

15mM Citrate pH 4.0

10

6

15mM Sodium Acetate pH 4.0

0.005

7

15mM Sodium Acetate pH 4.9

8

15mM Histidine, pH 6.0

9

15mM Citrate pH 4.0

0

10mM Citrate, pH6.0

10

15mM Citrate pH 4.0

0.005

FIG. 62E



F/T cycle 1

F/T cycle 2

F/T cycle 3

Sample#

Particle Size

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

(nm)

Index

efficiency

(nm)

Index

efficiency

(nm)

Index

efficiency

1

62

0.058

92

68

0.048

92

72

0.090

91

2

64

0.042

91

68

0.068

91

71

0.030

90

3

61

0.107

92

63

0.128

92

64

0.119

92

4

82

0.155

91

87

0.149

91

91

0.169

91

5

63

0.080

93

68

0.065

93

72

0.061

92

6

61

0.089

93

64

0.072

93

65

0.054

92

7

60

0.097

93

62

0.102

93

64

0.107

92

8

89

0.141

92

94

0.173

90

99

0.144

89

9

72

0.122

93

76

0.099

92

79

0.117

91

10

75

0.130

94

78

0.140

93

81

0.129

93

FIG. 62F



Week 1

Week 3

Week 4

Week 6

Sample#

Particle

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

Particle

Polydispersity

% Encapsulation

Particle Size

Polydispersity

% Encapsulation

Size (nm)

Index

efficiency

(nm)

Index

efficiency

Size (nm)

Index

efficiency

(nm)

Index

efficiency

1

61

0.076

93

62

0.062

91

63

0.070

91

62

0.070

90

2

65

0.058

92

64

0.072

91

67

0.069

91

64

0.062

89

3

61

0.117

93

65

0.135

91

62

0.127

92

63

0.118

91

4

79

0.146

92

85

0.153

91

87

0.163

91

86

0.142

91

5

61

0.076

93

61

0.069

92

65

0.054

93

65

0.068

91

6

60

0.066

93

60

0.066

92

63

0.085

93

61

0.070

92

7

57

0.113

93

63

0.142

92

63

0.099

92

64

0.145
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Example of Composition B/HA-CFTR cell tropism in F508del/F508del hBE (KKD003K)

panel 1: HA-tag; Foxl1; CC10; DAPI

HA-tag = CFTR

CC10 positive = Club cells

Experiment IF F508del/F508del (KKD003K)

40X/1.3 oil immersion objective

281x178 um image (0.05 mm 2 area)

Cell-specific markers:

1. HA-CFTR positive cells

2. Foxl1 positive = lonocytes

3. CC10 positive = Club cells

4. DAPI = nuclei marker
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Example of Composition B/HA-CFTR cell tropism in F508del/F508del hBE (KKD003K)

panel 2: HA-tag; Mucin; Tubulin; DAPI

HA-tag = CFTR

Mucin positive = secretory cells

Experiment IF F508del/F508del (KKD003K)

40X/1.3 oil immersion objective

281x178 um image (0.05 mm2area)

Cell-specific markers:

1. HA-CFTR positive cells

2. Mucin positive = Mucus secretory cells

3. Tubulin positive = Ciliated cells

4. DAPI = nuclei marker
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DAPI = nuclei
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Example of Composition B/HA-CFTR cell tropism in F508del/F508del hBE (KKD003K)

panel 3: HA-tag; Foxl1; KRT5; DAPI

HA-tag 13 CFTR

Foxl1 positive = lonocytes

Experiment IF F 5588del/F508del (KKD003K)

40X/1.3 oil immersion objective

281x178um image (0.05 mm2area)

Cell-specific markers:

1. HA-CFTR positive cells

2. Foxl1 positive = lonocytes

3. Karatin-5 positive = basal cells

4. DAPI = nuclei marker
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DAPI = nuclei
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If needed based on the recommendation of the SRC, dose levels may be adjusted and/or additional cohorts

added or expanded as necessary to adequately characterize the safety of the study drug.

The maximum dose strength administered is planned to be 20.0 mg and the maximum increase between dose
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