LUNAR®-CF, A Novel mRNA Therapeutic Approach to Correct
the Root Cause of Cystic Fibrosis Lung Disease
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OVERVIEW
LUNAR®-CF is an aerosolized mRNA replacement therapy to treat the root cause of Cystic Fibrosis (CF) Lung Disease (CFLD) and is agnostic to genotype. We present
robust preclinical data to support the advancement of LUNAR®-CF as a therapeutic approach for CFLD. A codon-optimized human CFTR mRNA (hCFTR) encapsulated in
LUNAR®, a proprietary lipid nanoparticle, was developed to deliver hCFTR mRNA into airways epithelium. Physicochemical properties of LUNAR® were stable after
aerosolization. Proof-of-delivery to epithelial cells was achieved using relevant in vitro and in vivo (rodent/nonrodent) animal models. Functional restoration was
observed in vitro in CF ferret and human bronchial epithelial cells (FBEs and HBEs), as well as in vivo using a G542X CFTR mouse model. These preclinical data validate
Arcturus’ LUNAR® delivery platform and LUNAR®-CF as a potential therapy for CFLD.

METHODS AND RESULTS
1. Aerosolized LUNAR®, A Delivery Platform for Lung

A

A: Different nebulizers were tested at various concentrations
of LUNAR®-mRNA. Encapsulation efficiency of the mRNA is
maintained post-nebulization in all nebulizers tested. B:
LUNAR®-EGFP mRNA formulations were nebulized, pre- and
post-nebulized fractions were collected and used to transduce
HBE cells. After a 6h incubation, EGFP expression was
visualized under the microscope with similar levels of EGFP
expression in both fractions, indicating that the functional
properties of LUNAR®-EGFP mRNA were maintained as an
aerosol. C: Aerosolized LUNAR® droplets (2-3 microns) are in
the respirable range. D: Nine different LUNAR formulations
carrying a luciferase mRNA were incubated in CF sputum from
two donors. An unencapsulated control was also used. mRNA
levels quantified by qPCR 24h post-incubation showed that all
encapsulated mRNA was intact whereas the unencapsulated
was degraded, confirming that LUNAR® protects the mRNA
from degradation in sputum.
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5. LUNAR®-hCFTR mRNA Restores Chloride Activity in a G551D FBE ALI Model

A

LUNAR®-hCFTR mRNA restored chloride activity in ferret bronchial epithelial (FBE) cells from two G551D donors. Cells were
polarized in air-liquid interface (ALI) and treated apically with LUNAR®-hCFTR mRNA (5 to 100µg/ml). LUNAR®-TdTomato
mRNA was used as a negative control and VX-770 was used as a positive control. TECC assay was conducted 48h postapplication to determine Forskolin-dependent chloride activity. No significant changes in resistance were observed. A dose
dependent increase in activity was observed. At the two highest doses results were comparable to VX-770. No significant
activity was observed in the negative control, confirming that the activity observed is due to the de novo hCFTR generation.

6. LUNAR®-hCFTR mRNA Generates C-band and Restores Activity in F508del+/+ HBE

2. LUNAR® Targets Airway Epithelium Across Species
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LUNAR® formulations carrying a reporter mRNA (TdTomato or CRE) were used to show target engagement to airways
epithelium in rodents (mouse and rat) and non-rodents (ferret, non-human primate [NHP]) animal models. Different
administration methods were used: intratracheal instillation was used to delivery TdTomato mRNA to WT mice (top left), a
microsprayer was used to deliver CRE mRNA to a ROSA26TG ferret model (bottom left) and an aerosol was used to deliver
TdTomato mRNA to rats (top right) using a nose-only exposure chamber, and to NHP (bottom right) using a face mask
exposure system. In all the animals tested, proof of delivery to airways epithelium was achieved.

3. Cell Profiling in ROSA26TG FBE Cells

4. Cell Profiling in Non-CF HBE Cells

LUNAR®-hCFTR mRNA produced significant levels of C-band and restored chloride activity in human bronchial epithelial
(HBE) cells carrying a F508del+/+ mutation. HBE cells were apically treated with LUNAR®-hCFTR mRNA (7 to 30 ug/well).
LUNAR® buffer was used as negative control. Twenty-fours post-dose, TECC was measured. A significant increase in
chloride activity was observed at all doses tested, not observed in the negative control (A). Protein analysis confirmed a
dose-dependent increase of mature C-band (B), indicating that the chloride activity observed (A) is related to de novo
hCFTR protein generation. C/B band ratios were calculated showing a consistent increase in C-band over B-band in all
treatment groups (C). *p<0.05 (ANOVA with Tukey post-hoc).

7. Functional Restoration of Chloride Activity in a Class I CFTR Mice Using NPD
LUNAR®-hCFTR mRNA restored functional activity in a
G542X CFTR KO mice model. LUNAR®-hCFTR mRNA was
topically administered and nasal potential difference
(NPD) was measured at 72h post-dose. LUNAR® buffer
was used as a control. Significantly improved NPD levels
were observed when compared to controls
(***p=0.0005) .
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LUNAR®-CRE mRNA transduced ciliated and secretory cells
in polarized ferret bronchial epithelial (FBE) cells derived
from four ROSA26TG ferrets. Efficient CRE-recombination
will turn-off TdTomato and turn-on EGFP expression.
Quantitative immunocytochemistry was used to
determine the ratio of EGFP+ cells per epithelial cell type
(alpha-tubulin for ciliated, MUC5AC for secretory)
compared to the overall cell type count.

Transduction of LUNAR®-TdTomato in polarized Non-CF
HBE Cells derived from three donors. LUNAR®-TdTomato
was incubated apically for 24h. Immunocytochemistry for
TdTomato and epithelial cell markers was used to quantify
the ratio of transduced TdTomato positive cells per airway
cell type. LUNAR® delivered to a heterogeneous epithelial
cell population, including ciliated (alpha-tubulin) and
secretory (MUC5AC) cells.

CONCLUSIONS
• LUNAR® nanoparticles are stable after aerosolization, shield the mRNA from degradation in CF sputum, and can be
delivered by vibrating-mesh nebulizers in the respirable range.
• Target engagement with epithelial cells has been achieved in vitro and across rodent and nonrodent animal models.
• Delivery of a codon optimized hCFTR mRNA encapsulated in LUNAR® generates significant levels of mature C-band protein
in HBEs.
• Proof-of-activity for LUNAR®-hCFTR mRNA has been achieved in vitro and in vivo.
• These studies strongly support the further development of LUNAR®-CF for treatment of CF lung disease

