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RNA FORMULATIONS 

RELATED APPLICATIONS 

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. provisional 

5 application number 62/520,530, filed June 15, 2017 and U.S. provisional application number 

62/590,200, filed November 22, 2017, which are both incorporated by reference herein in 

their entirety. 

10 

FIELD OF INVENTION 

The present embodiments relate generally to lipid nanoparticles, and more 

specifically, to lipid nanoparticles having a certain distribution of one or more components. 

BACKGROUND 

It is of great interest in the fields of therapeutics, diagnostics, reagents, and for 

15 biological assays to be able to control protein expression. Most methods rely upon 

regulation at the transcriptional level (e.g., from DNA to mRNA), but not at the translational 

level (e.g., from mRNA to protein). Although attempts have been made to control protein 

expression on the translational level, the low levels of translation, the immunogenicity, and 

other delivery issues have hampered the development of mRNA as a therapeutic. 

20 There remains a need in the art to be able to design, synthesize, and deliver a nucleic 

25 

acid, e.g., a ribonucleic acid (RNA) such as a messenger RNA (mRNA) encoding a peptide 

or polypeptide of interest inside a cell, whether in vitro, in vivo, in-situ, or ex vivo, so as to 

effect physiologic outcomes which are beneficial to the cell, tissue or organ and ultimately to 

an orgamsm. 

SUMMARY 

Lipid nanoparticles having a certain distribution of one or more components, related 

compositions, and methods associated therewith are provided. The present disclosure is 

based, in part, on the discovery that the distribution of certain components within the lipid 

30 nanoparticles can influence and/or dictate physical (e.g., stability) and/or biological (e.g., 

efficacy, intracellular delivery, immunogenicity) properties of the lipid nanoparticles. 

Inventive lipid nanoparticles having a certain distribution of one or more components may 

1 
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not suffer from one or more limitations of conventional particulate carriers, even though the 

inventive lipid nanoparticles may contain the same or similar molecules (e.g., at the molar 

ratios, at the same weight percentages) as the conventional particulate carrier. Compositions 

comprising inventive lipid nanoparticles may have advantageous biological and physical 

5 properties. 

Methods for controlling the distribution of components capable of imparting 

beneficial properties to the lipid nanoparticle have also been discovered. In some cases, 

these methods may be readily applied to the formulation process using relatively simple 

techniques. 

10 In one set of embodiments, compositions are provided. In one embodiment, a 

composition comprises lipid nanoparticles (LNPs) that comprise an ionizable lipid, a PEG 

lipid, and inaccessible mRNA, and a relatively small amount of accessible mRNA. In such 

cases, no more than about 50% (e.g., no more than about 45%, 40%, 35%, 30%, 25%, 20%, 

15%, 10%, 5%, 3%, or 1%) of mRNA in the composition is accessible mRNA and the half-

15 life time of the PEG lipid in serum is relatively short, e.g., less than or equal to about 3.0 

hours (e.g, less than or equal to about 2.75, 2.5, 2.25, 2.0, 175, 1.5, 1.25, 1.0, 0.75, 0.5, or 

0.25 hours). In some cases, no more than 30% of mRNA in the composition is accessible 

mRNA. In certain cases, no more than 5% of mRNA in the composition is accessible 

mRNA. In some cases, the quantitative value of the amount of accessible mRNA is 

20 generated using an ion-exchange chromatography (lEX) assay and/or is not generated using 

a Ribogreen assay. In some embodiments, the lipid nanoparticles may also comprise a 

structural lipid and/or a neutral lipid. In some cases, the ionizable lipid is an ionizable 

amino lipid. 

In another embodiment, a composition comprises lipid nanoparticles (LNPs) 

25 comprising an ionizable lipid, a PEG lipid, and mRNA and having an exterior region and 

one or more interior regions. The majority of the mRNA is positioned in the one or more 

interior regions and the majority of the PEG lipid is positioned within the exterior region. 

For instance, at least about 60% (e.g., at least about 65%, 70%, 75%, 80%, 85%, 90%, 95%, 

or 100%) of the mRN A is positioned within the one or more interior regions and at least 

30 about 60% (e.g., at least about 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%) of the PEG 

lipid is positioned within the exterior region. In some embodiments, the lipid nanoparticles 

may also comprise a structural lipid and/or a neutral lipid. In some cases, the ionizable lipid 
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is an ionizable amino lipid. In some embodiments, the composition further comprises a 

continuous phase. In some such cases, the exterior region is in direct contact with the 

continuous phase. 

In one embodiment, a composition comprises lipid nanoparticles (LNPs) comprising 

5 an ionizable lipid, a PEG lipid, and mRNA. The majority of the PEG lipid is surface 

accessible and the majority of the mRNA in the composition is inaccessible. For instance, at 

least about 50% (e.g., at least about 55%, 60% 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 

100%) of the PEG lipid in the lipid nanoparticles is surface accessible and no more than 

about 50% of mRNA (e.g., no more than about 45%, 40%, 35%, 30%, 25%, 20%, 15%, 

10 10%, 5%, 3%, 1%, or 0%) in the composition is accessible mRNA. In some embodiments, 

the lipid nanoparticles may also comprise a structural lipid and/or a neutral lipid. In some 

cases, the ionizable lipid is an ionizable amino lipid. 

In another embodiment, a composition comprises lipid nanoparticles (LNPs) 

comprising an ionizable lipid, a PEG lipid, and mRNA. The surface polarity of the lipid 

15 nanoparticles is relatively low (e.g., lower than a threshold) and the half-life time of the PEG 

lipid is relatively short. For instance, the half-life time of the PEG lipid in serum is less than 

or equal to about 3.0 hours (e.g., less than or equal to about 2.75, 2.5, 2.25, 2.0, 175, 1.5, 

1.25, 1.0, 0.75, 0.5, or 0.25 hours) and the normalized general polarization of laurdan in the 

lipid nanoparticles is greater than or equal to about 0.5 (e.g., greater than or equal to about 

20 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, or 0.85). In some cases, the normalized general polarization of 

laurdan in the lipid nanoparticles is greater than or equal to about 0.5 and less than or equal 

to about 0.9. In some embodiments, the lipid nanoparticles may also comprise a structural 

lipid and/or a neutral lipid. In some cases, the ionizable lipid is an ionizable amino lipid. 

In one embodiment, a composition comprises lipid nanoparticles (LNPs) comprising 

25 an ionizable lipid, a PEG lipid, and mRNA. The surface polarity of the lipid nanoparticles is 

less than a threshold and the half-life time of the PEG lipid is relatively short. For instance, 

the half-life time of the PEG lipid in serum is less than or equal to about 3.0 hours (e.g., less 

than or equal to about 2.75, 2.5, 2.25, 2.0, 175, 1.5, 1.25, 1.0, 0.75, 0.5, or 0.25 hours). In 

some cases, the surface polarity of the lipid nanoparticles is less than that of a comparative 

30 lipid nanoparticle. In some cases, the comparative lipid nanoparticles formed via a 

nanoprecipitation reaction, wherein the comparative lipid nanoparticles comprise the same 

ionizable lipid, PEG lipid, and mRNA as the lipid nanoparticles, and wherein greater than 
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