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have gained attention for their potential use in CD19 (~15%) B Cells
tissue engineering and immunotherapies Figure 1. ToRNAdo™ lipid delivery system. The main structural CD34(0.1-0.2%) HSCs and progenitor cells
elements of our group’s ToRNAdo™ lipid (i.e., DLinDHS) are the CD56 (~15%) NK Cells
o ) dihydroxyspermine headgroup and linoleyl tails. We hypothesized that
o Llpl(.jS a.re NOwW con3|d.ered the gold Standaljd combining stru'ctura.l elements such as bipdegradable functional groups Table 1..Relative PBMC sub-populations by cell surface marker Figure 10. FB3-54 and FB6-84 lipoplexes and FB3-54 LNPs successfully
for in vivo mRNA delivery vehicles, but still and/or branching with polyvalent spermine-derived headgroups could expression. transfected THP-1 cells. 0.1ug of mRNA was delivered via lipoplexes and
i L i lead to improved transfection efficiency and enhanced tissue targeting. 62.5ng via LNPs per 10,000 cells. GFP expression was imaged at 24 hrs.
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and in vivo HzN/Y\N/\/\/N\/K/NHZ HO\();\N/\/\/N\/OP OH 00 CD14+: §8.793% o0 +CD14: 23.428% Figure 11. Flow cytometry of THP-1 cells transfected with FB3-54
OH L0__R |\,o R A lipoplexes at a 2:1 ratio. FB3-54 lipoplexes yielded over 91%
On 90 On Y0 o : G2 transfection efficiency and cell viability over 72%.
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* A panel of 82 potential candidates were 2 2 ]
synthesized and screened in iPSC-derived 7 7 o 600
y ) ) Figure 2. PBMC lipid library design. 4,200 novel ionizable lipids were S 500
MSCs (iMSCs) and human peripheral blood computationally designed and a library was synthesized, consisting of 84 z
mohonuclear cells (PBMCS) polyvalent ionizable lipids sorted into 4 major structural categories. Esters B i Sl Tkiion Tk Wb e R T T e Sl S 400
and hydroxyls were incorporated to promote in vivo biodegradability and CD14 - Alexa Fluor™ 700-A CD14 - Alexa Fluor™ 700-A S 200
increase lipid-mRNA formulation stability. “R” in the structures denotes alkyl E O 75ng
* Cells were transfected with GFP-encoding Z;taelrksggilnzrfa”ncgheeﬁolr'ﬁ'g ?Lfncoggi'g't“e%;e?etgp%?mcaar;b:lzoa;g[ns- Tethered Figure 4. PBMC flow cytometric phenotyping. Expression of CD3 (a T 8 200 m125ng
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BNA Complexed with each of the candidate In designing the novel lipids, structural characteristics such as flow cytometry to validate the panel. © ’—h ’—. j °
lipids biodegradability, lipid tail length, level of branching, and branched tail 0 - W 200ng
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Polyvalent achieved through the introduction of hydroxyl substituents, promoting Primary CD3+ T Cells OQ\%V & &K = &
ionizable lipids Delivery of mENA to seriohers stronger intermolecular association with anionic nucleic acid phosphate ,_ | A N
Bood monenticlearcels (PBMCS) groups. A, B. Branched ester substituted spermine analogs derived from Lipid Nanoparticle
%1( Targeted delivery of mRNA phthalimide protected spermine. C, D. Branched ester substituted 1,4-
W ‘ toT cells and monocytes diaminobutane analogs derived from bis Ns protected 1,4-diaminobutane. Figure 12. LNP transfection efficiency in THP-1 cells measured by flow

cytometry. Optimal RNA dose varied greatly among LNP types between
75ng and 200ng per 10,000 cells.
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i Figure 5. GFP RNA delivered to activated CD3+ PBMCs via TORNAdo.™ IPSC-Derived MSCs
) CD3+ cells were isolated from PBMCs and activated for 3 days in media _ _ . . ‘ , _ _
Flgure 3' Structure Of GFP mRNA cargo_ Cleancap® 5H bb_CC’ 3be Supplemented Wlth CD3/28 activator and ”_-2 Cells were then transfected Live Cells - All Stained Live Cells - All Stained Live Cells - All Stained Live Cells - All Stained
TT-Bsal. The mRNA cargo of the lipid delivery system consists of a 1093 and GFP expression was observed in aggregated T cells 24 hours later by - T i = 0 It et
R esu lt S base long sequence (GFP) with an HBB promoter and a GFP reporter. Operetta high content imaging analysis. o = s _
The GFP mRNA is 353,070 g/mol and possesses 1093 phosphates per - g K S
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“RNA” and the other “TR”. The necessary amount of OptiMEM e o - CEP - l Figure 13. |MSC flow cytometric phenofcyplng. The IPSC-derived MSCs used
o ) ) ) . w0 4495638 -, 5.352%) wis3 2785 1 1291%, expressed. wnhereas only for transfection were flowed for phenotypic validation. These cells possess the
e 45 of these lipids induced GFP expression in buffer (pH 7.4) was added to each tube such that the final volume ™ G 0.58% of live LF3000 treated cells classical positive markers of MSCs, CD73, CD90, CD105, and CD44.
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MRNA (aqueous) was added to the “RNA” tube and ionizable lipid .
. P r I m a r y C D 1 4 + C e l ls Live - FB6-9 Live - FB4-162 Live - FB3-162
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* CD3+ and CD14+ PBMCs and iMSCs exhibited labeled “TR”. Contents of the “TR” tube were added to the “RNA” FRL R, - ThAeCastiE Untieaies Figure 7. Isolated o T cytometric analysis
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LNP transfection the lipid-RNA solution was incubated at RT for 5 minutes before optimal RNA dose. N N GFP-RNA. Over 40
adding dropwise into cell culture at RNA dose concentrations MC3-LNPs formulated e e C Y e @ @@ www W lipids transfected
ranging from 0.1 to 1.33 ug RNA/mL cells. MC3, 175ng FB4-150, 175ng FBA-106, 175ng at 40:38.5:20:1.5 iMSCS successfully
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levels of GFP expression compared to other | . LNPs tested. g g g GFP (top) and
. P , P Formulation lonizable lipid, Cholesterol, DSPC, and PEG2000- < 3 < viability (bottom) of
structural combinations DMG] were brought to RT and combined in a microcentrifuge tube i = : the top 3 performing
at a molar ratio of 50 : 38.5:10: 1.5 in EtoH. 170ug of mRNA was _ 5 N o ur o Y N — T AR AR W S t'ﬁ'ﬂsf?[re shown to
* These lipids transfected CD3+ cells with a 4- to mixed in 100mM citrate buffer (pH 3.0). Microfluidic formulation A. ' pead - Near i Dead - Near R-A e e et
11_f0ld |nCreaSe |n GFP expreSS|On relatlve to was conducted with a NanoAssemblr® BenChtOp USing an N/P 750 GFpL,: 24.789% 750 GFPL: 27.326% Figure 8. Isolated CD14+
- : ratio of 6 and a 3:1 volume and flow rate ratio of aqueous:organic PBMCs 24 hours after . o
Lipofectamine™ 3000, and transfected THP-1 . & F . u s . IPSC-Derived Macrophages
P o, o phase. Reagent amounts were determined to produce a post- S el % s treatment with (A) FB3-54 P g
monocytes at over 90% efficiency formulation RNA concentration of 0.2mg/mL and total lipid R B ey o & yJ E:gé?e):e?;goz 5:1 ToRNAdo FRGRAMCRR ., « | FRASS
concentration of 2mg/mL. LNPs were incubated at RT for 1 hr to N e e o R | lipid:RNA dose. Figure 15
. promote full complexation. o = q B . .
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Dialysis and Purification LNP solution was resuspended in GFP-A GFP-A l - er:“’e
e« Our novel polyvalent spermine-derived 20 mM Tris buffer (pH 7.5) to a volume of 3mL and pipetted into a | Omf:;';'\mav%::‘
ionizable lipids enable delivery of mRNA Slide-A-Lyzer G3 Dialysis Cassette. Cassettes were placed in 45000 > UPoSERRRE | I delivered per 50,000
into  hard-to-transfect cells, including 7§mL Tris buffer with a stir bar and LNP§ were dlglyzed ovgrnlght «g40000 cells..GFP channel
human CD14+ and CD3+ cells with a replacement of buffer after the first 45 minutes. Dialyzed < 35000 was imaged 24 hrs
LNPs were filtered through a 0.22 pm syringe filter membrane and 8 30000 ggit;;agzsi;‘ic;t;ioor;at
concentrated using Amicon Ultra filters (10 kDa MWCQO) at 13xg S 55000 '
* These lipids may prove useful in future for 20 minutes. S 50000
MRNA therapeutics by targeting hard-to- Characterization LNPs were characterized by DLS and Ribogreen % 15000
transfect cell types to modulate protein Assay to measure size dispersion, zeta potential, and RNA S 10000 0 hrs 2 hrs 4 hrs 6 hrs
expression in immune cells and mediate encapsulation. 2 oo I I I I I I I I I
cell host-defense responses Transfection LNPs were diluted 1:100 — 1:500 in culture medium 0
Supplemented with FBS before addlng drOpWiSG into Cell Culture. 381322 348 307 332 358 305 387 364 626 233 317 391 365 301 292 280 341 388 368
Concentrations ranging from 100 to 400ng RNA/mL were used.
) . . Figure 9. Mean GFP fluorescence in PBMC lipoplex library screen. The full
‘ Cryopreservation LNPs were suspended in 20 mM Tris + 10% lipid library was prepared as lipoplexes and delivered 0.2ug GFP-RNA to
20 . sucrose at a concentration of 100ug RNA/mL and snap-frozen in 100,000 PBMCs per sample. The 20 lipids exhibiting the highest mean GFP
LN?2 before storing at -80°C. LNPs left at 4°C for up to 1 week were fluorescence, calculated as number of GFP+ cells in the sample multiplied , : . . )
& : P by sample mean fluorescent intensity, is plotted for the peak expression time Figure 16. Six hour time course of GFP fluorescence in iPSC-derived
A Y S also used for transfection. of 18 hrs post-transfection. macrophages treated with TORNAdo LNPs at a dose of 0.96ng/ml RNA.
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