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1. Introduction

Lipid nanoparticles (LNPs) electric charge is known to control in vivo distribution and expression of mMRNA-LNPs for
intravascular (IV) administration. Whereas neutral LNPs predominantly end up targeting the liver, reducing the amount
of cationic lipid in MRNA-LNPs creates a negative LNP, due to an excess of anionic mRNA, that targeted the spleen
after IV injection, versus positively charged LNPs targeting the lung. A novel family of permanent cationic lipids has been
developed to answer the next challenges in the development of RNA therapeutics. The combination of an imidazolium
polarhead and an accentuated molecular cone-shape through improved lipid tail branching, increases formulation stability
and facilitates endosomal release, respectively. Due to these properties, cationic LNP (cLNP) have shown promising
results in term of stability, potency, in vivo distribution and targeting.

2. Library of Cationic or lonisable Lipids
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Note. Innovative cationic or ionizable lipids have been synthetized following various modifications listed above. Several convergent synthetic routes
have been optimized to generate lipids at multigram scale.

3. Formulation Design
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4. Liposomesvs. LNPs
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5. Liposomes Are Stable at High mRNA Concentration
up to /7 Days

Figure 1: Liposomes With in vivo-jetRNA®+ Are Stable With up to 300 ug of mRNA/mL With Different Sized mRNA
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Note. Size of liposomes with in vivo-jetRNA®+ at 50, 100, 200 or 300 pg of mMRNA/mL with a small mMRNA (1929 b) or at 50 pg of mMRNA/mL with a small
size MRNA (978 b) and a medium size mRNA (4.5 kb) after 15, 30, 45 and 60 min of complexation were measured by dynamic light scattering (DLS).

Figure 2: Liposomes With in vivo-jetRNA®+ Are Stable up to 7 Days
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Note. Size of liposomes with in vivo-jetRNA®+ at 50 pg/mL after 15 min, 24, 48, 72 or 96 hours or 7 days of complexation were measured by DLS.
Caco2 cells were transfected with liposomes formed with a mRNA/in vivo-jetRNA®+ ratio of 1:2 (Ug, s ML ..e.) IN MRNA buffer.
500 ng of mMRNA encoding luciferase were used for 40,000 Caco?2 cells. Luciferase was assessed 24 hr post-transfection.

6. Liposomes: Efficient and Safe mRNA Delivery for Local
and Systemic Administration

Figure 3: in vivo Efficacy and Biodistribution
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Note. mRNA encoding luciferase was injected into mice using in vivo-jetRNA®+ through different administration routes. Complexes were formed with
a mRNA/in vivo-jetRNA®+ ratio of 1:2 (g, oyu: ML .e.) IN MRNA buffer using either 20 ug mRNA for intraperitoneal (IP) injection, 10 ug mRNA for intravenous
injection (retro-orbital injection —RO) or 5 pg mMRNA for intramuscular (IM) injection. Luciferase expression was assessed 24 hr post-injection.

Figure 4: No Pro-Inflammatory Cytokine Expression
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Note. mRNA complexes were formed in 200 pL of mRNA buffer using 10 or 20 pg of mMRNA encoding luciferase at a mRNA/in vivo-jetRNA®+ ratio
of 1:2 (UG, rua’ ML cuen) @Nd injected through intravenous injection (retro-orbital injection). 2 to 24 hours after injection, blood was collected and the
level of IL-6, IL-12, GM-CSF, IFN-gamma and TNF-alpha was measured by ELISA (IL-6) or MACSPlex kits. As a positive control, LPS (200 ug) was
administered into mice.

/. One Cationic Lipid—Two Delivery Systems With Similar
Behaviors
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Note. Size and zeta potential of liposomes with in vivo-jetRNA®+ at 50 ng/uL after 1 hr of complexation or LNPs at 250 ng/uL were measured by DLS.
Encapsulation efficiency was assessed by the RiboGreen assay

3. Cationic LNPs: Different Biodistribution Compare to
Neutral LNPs

Figure 6: in vitro Transfection Efficacy

Caco2 Human Colon Cells Primary Human T Cells From Peripheral Blood

1x10% — 100 — 90.3 910
2 _ o 73.3
q6 (7)) 1)(1010 ] 2 =] é ,—01 80 ] 616 T
o) C X o 2
£ g 1x10° — o X & = 60
X5 8 | = ™ 2l o |
3 9 1x10 i 3 40
a
(a4 1x107 — 20 —
1x10° T | [ NP DIin-MC3- | 0 | | | | |
NT Liposomes Polyplus cLNP | LNP DIlin-MC3- NT 125ng 125ng 75ng 75ng
in vivo-jetRNA®+ DMA jetMESSENGER  Liposomes Polyplus cLNP  Polyplus cLNP
(Onpattro-like) in vivo-jetRNA®+ 80 nm 40 nm

Note. Caco2 and primary human T cells were transfected with liposomes formed with a mRNA/in vivo-jetRNA®+ or jetMESSENGER® ratio of 1:2
(MG mana - ML agen) iIn MRNA buffer or LNPs using either 500 ng or 75 and 125 ng of mRNA encoding luciferase or GFP for respectively 40,000 Caco?2
cells or 187,500 T cells. Luciferase or GFP expression was assessed 24 hr or 48 hr after transfection for respectively Caco?2 cells or T cells.

Figure 7: Different Expression Pattern Profile With Figure 8: Polyplus cLNP Mainly Targets Lung and Spleen
Polyplus Positively Charged LNP Compared to

DIlin-MC3-DMA LNP
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Note. mRNA encoding luciferase was injected into mice using in
vivo-jetRNA®+ or Polyplus cLNP or DIin-MC3-DMA LNP through
intravenous injection. Liposomes were formed using 10 pg of mRNA
with an mRNA/in vivo-jetRNA® ratio of 1:2 (g, i ML agen) iIN MRNA
buffer. Luciferase expression was assessed 24 hr post-injection.

Q. Conclusion

Note. mRNA encoding luciferase was injected into mice using
Polyplus cLNP through different administration routes. 10 yg mRNA
were injected for intravenous injection (retro-orbital injection —RO)
or 5 ug mRNA for intramuscular (IM) injection. Luciferase expression
was assessed 24 hr post-injection.

A novel family of proprietary cationic and ionizable lipids solve a current limit of LNPs in being able to target different
organs and cell types. The new cationic LNP formulation ensures same delivery efficacy as LNPs with ionisable lipids,

while improving biodistribution to target organs other than liver.



