Formulation of Mesoscale Lipid Nanoparticles for Targeted Nucleic Acid Delivery to the Kidneys
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Background Results

+ PEGylated nanoparticles with a size in the mesoscale ~ Formulation development and optimization

range (300 — 500 nm) selectively accumulate in renal

proximal tubule epithelium 26-fold more than any

other organ[”. Original protocol: Dgcreased rr.lo.lar . Double Ii!oid - e
Size ~ 100 nm ratio of PEG lipid + Increased ion concentration + Reduced agitation Triple lipid

increased ion concentration x5 reduced agitation speed and time concentration
PEG lipid 1 (C14) concentration speed

Size optimization

PEG lipid 4 (C18) PEG lipid 4 (C18) PEG lipid 3 (C18) PEG lipid 2 (C18)

PEG MW 2000, PEG MW 2000, PEG MW 2000, NH2- PEG MW 5000,
Lead formulation COOH-terminated COOH-terminated terminated COOH-terminated

Manufacturer 2 Manufacturer 1 Manufacturer 2 Manufacturer 1

Optimization of lipid composition

Nanoparticle size

(A) MNP localization to the kidneys in micelll. (B) Intravital microscopy of o [ Mesoscslesze [ DlSCUSSlO“/GO“CIUSlO“
MNPs (red) in kidneys of mice with GFP-producing macrophages (green) 21, 250 1 A~ Suppliers protocol
€ 20 B - Decreased PEG lipid + NaCl e Mesoscale size of lipid nanoparticles has been achieved
. . . %150 D - Double lipid .+d d agitati d 1 1 1 N1 1 I
 Mesoscale nanoparticle kidney targeting has so far E - Redlicad aglton spesd and fine. predominantly through an increase in total lipid concentration, in
_ _ . - F - Triple lipid concentration combination with other modifications.
only been shown with polymeric carriers.
: : : : : . . ol L T ) ] B * Initial formulation was modeled after a liver-targeting nanoparticle
 With the rise of nucleic acid therapies, lipid S SR S S S ormu: > - 5€tiNG Rarticlc,
ficles b ‘o be efficient , : Formulation modifications so optimization of lipid composition was performed to achieve
Nanoparticies nave proven to be efmcient carriers Tor : : stable PEGylation essential for kidney targeting.
biological careol3] In vitro testing
5 50" e Optimized MLNPs demonstrated minimal cytotoxic effect on renal
e QOur gOaI was to dEVEIOp d Ilpld'baSEd mesoscale Viability of HK-2 cells after 48h MLNP siRNA release from MLNPs in epithelial cells and favorable sustained release properties.

: : : treatment PBS at 37°C : : .. T : :
nanoparticle formulation for targeted delivery of )  MLNPs show high kidney selectivity and initial indications of siRNA-
nucleic acids to the kidneys. — N oL e R induced gene silencing in the target organ (kidneys).

97 . -t i o T b .. T = ‘l’ 80 - .
. = & & % e - e * Thus, we have developed the first, to our knowledge, mesoscale
Methods £ It /%/ lipid nanoparticle formulation optimized for targeted nucleic acid
3 Z ;’ delivery to the kidneys.
Cholesterol o1 : - : : : : :
Nanoprecipitation Phospholipid " 2 end. S / e et  Future studies will include further in vitro and in vivo testing to
e R AL, S T T T T T e e S e L A NP NP I demonstrate safety and efficacy of nucleic acid delivery by MLNPs.
o n lz a e Non-targeting siRNA LNP Target siRNA LNP Target siRNA MNP ime,
lipid el
/ In vivo testing
= PEG-lipid Fluorescence imaging of mouse organs after Cy5 MLNP treatment Organ Fluorescence Quantification gPCR Quantification of Target mRNA
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Cytotoxicity: MTT assay DLS characterization:
¢ Size, PD', Z'pOtential §§§§ §§§§ § §§ § §§;§ §§§§ gg;g ggg ; § §§§ ;;§§ §§; § PBS Control Day1 Day3 Day5b Day 7 PBS Control Day1 Day3 Day5b Day 7
MLNP Day 5 MLNP Day 7 MLNP Cy5 MLNP Cy5 MLNP Cy5 MLNP Cy5 MLNP Cy5 Kidneys Liver
Heart Lungs Kidneys Liver Spleen
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