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Clinical background of Cystic fibrosis
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Cystic fibrosis (CF) is a genetic disorder that causes abnormal salt and water
transport across cells in the body, leading to mucus buildup and organ dysfunction.

How does CF affect the lungs?

Healthy lung airway

-

Whaf"olr'gan systems are affected by CF?

o /
"@ —— Sinuses (chronic sinusitis)

Lungs (mucus buildup,
infection, respiratory failure)

Skin (salty sweat,
\ dehydration)

- \Gastrointestinal tract
(nutrient malabsorption,
_ poor weight gain, diabetes)

Reproductive organs
(i\edu;Ced fertility if assigned
female at birth, infertility
if assigned male at birth)

Cystic fibrosis affects more than 30,000 children and
adults in the US and 70,000 people worldwide. It is
most common in non-Hispanic White individuals.

Nat Rev Genet. 2015 Jan! JAMA. 2022 Jan
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CF is caused by CF Transmembrane Conductance Regulator (CFTR) mutation

7 CF-Related CFTR Variants
+ Conductance
- [Function’
Activation by ATP binding .
and cAMP-dependent - Activity
phosphorylation 7 0.3% R117H
0.51 R1162X 26.5%,
7 Other Rare Variants
N " Stability 0.75% R553X
Inse.rtion intoand — ] 0.83%,
retrieval from membrane 1717-1G->A
1.0%, W1282X
66.8%, F508del
Glycosylation and vesicle 1.5%, G551D
packaging in the Golgi .
' 1.6%, N1303K
|- Folding 2.6%, G542X
Translation and
folding in the ER B
- Splicing
Synthesis of mRNA 1. Restoring CFTR functions can be a promising
[ ranscription .
) L therapeutic strategy for CF.
Nat Rev Genet. 2015 Jan Front Pharmacol. 2022 Oct
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CFTR modulator therapy
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(VX770 and PTI-808)

Stabilizers &
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surface
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Improve trafficking and
processing of CFTR
protein to the cell surface
(VX-809, VX-661, VX-445,
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< >Nucleus

Rare CFTR variants remain uncured !
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correctors potentiators
stabilizers amplifiers

The modulator isn’t
universally effective

and rather limited to
specific classes of
mutations.

J Transl Med. 2021 Oct
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CFTR-encoding circRNA (circRNA-CFTR) for CF protein replacement therapy?

« Studies in humans suggested that as
little as 8% of the normal CFTR
transcript was sufficient to preserve
normal lung function.

» Restoring 10% of CFTR mRNA
or 10%-35% of protein function
would be sufficient to ameliorate
disease.

Am J Respir Cell Mol Biol. 2002 Nov
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Protein-encoding circRNA: highly stable, long-lasting protein translation, low innate

Immunogenicity.

T\ circRNA LNPs Lymph node
S P, O
o angEe O

presentation

Highly stable

. - \
small circRNA —> = r >
Antigen MHC/epitope
translation complexation

PRR activation

Low PKR activation APC
Low cytotoxicity
& /

IRES: Internal Ribosome Entry Site.
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Potent and durable
CD4*/CD8"* T cell response

~.ap®

Effector T cells

Memory T cells

l

Combination tumor immunotherapy

Tumor immunosuppression: ~\

Antitumor cell tumor infiltration: .7
Complete tumor regression: ¥

Nat Biomed Eng. 2025 Feb
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Scheme: pulmonary delivery of circRNA-CFTR using lipid nanoparticles (LNPs) for CF
treatment
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Experiment designment

1: circRNA-CFTR design and synthesis

2: Design of Experiment (DOE) screening of LNPs for pulmonary RNA
delivery

3: Evaluate circRNA-CFTR LNPs in a human CF cell line

4: Evaluate circRNA-CFTR LNPs in a CF mouse model (ongoing)
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Experiment designment

1: circRNA-CFTR design and synthesis
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circRNA-CFTR design and synthesis
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Experiment designment

2: Design of Experiment (DOE) screening of LNPs for pulmonary RNA
delivery
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Compositions of LNPs studied for pulmonary delivery of RNA

lonizable lipid: complexed with RNA
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\Kauﬁman K, et al. Nano Letters 2015 15 (11), 7300-73
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Helper lipid: Improves packing
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LNP delivery of circRNA-fLuc in CFBE41lo- (F508del) human CF airway epithelial cells 1

lonizable lipid Surfactant Surfactant ratio
& formulation
methods

1 SM102 - -
2 SM102 Surfactantl 20% Coated —

e —— - 8
3 SM102 Surfactant2 | 10% Coated 39
4 SM102 Surfactant2 | 30% Coated 5 S -9
5 SM102 Surfactnantl | Mixed @ 9 3 - 10
6 SM102 Surfactnant3 | 10:1 Mixed =X & E o U

T S =

7 SM102 Surfactnant3 | 5:1 Mixed c £ 20000 - 5 - 12
8 RCB-4-8 - - o 3

- © - 6 13
9 RCB-4-8 Surfactnantl | 20% Coated = 0o

o - 7 14
10 RCB-4-8 Surfactnant2 | 10% Coated LL 0 : ~——n :

v T v N

11 RCB-4-8 Surfactnant2 30% Coated 12h 24h 48h 72h
12 RCB-4-8 Surfactnantl | Mixed Time after RNA transfection
13 RCB-4-8 Surfactnant3 | 10:1 Mixed 0.25ug circRNA-fLuc was used in each well
14 RCB-4-8 Surfactnant3 | 5:1 Mixed (48 well plates) and treated for 12h to 72h.
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DOE study (Stage Il): SM-102 LNPs and surfactant-coated SM-102 LNPs show high
transfection efficiency in cells

lonizable Surfactant

Lipid
o e ] — 20000 -
o o - 1
o
2 SM102 | Surfactantl | 10% Coated - O —-— 2
o GC) 15000
n ©O ~o- 3
4 SM102 Surfactantl | 30% Coated o g
2 < 10000 4
|5 [ swioz [ sutactne | 20%comed | G g -
6 | SM102 | Surfactant2 | 30% Coated _g % 5000 — o 6
BESREESEET] -
LL [ - 7/
0 T T T T
* 0.25ug circRNA-fLuc was used in each well 12h 24h 48h 72h

(48 well plates) and treated for 12h to 72h.
* CFBE41lo- (F508del): human CF airway
epithelial cells.

Time after RNA transfection
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DOE study (Stage lll): Surfactant-coated SM-102 LNPs showed slightly better circRNA

delivery than SM-102 LNPs in mice

Hours post LL injection . LMP #1
B 12 24 48 72 2 © = 5 PeLNP #3
— 6 ] ......I.._ Oligo-G-coated
. LMP #5
2 4 s |_‘ [ ] o
#3 peLNP £ . I_L“ P
2" 1 F“‘.
#5 Oligo-G- = - -
coated LMNP ‘ E q
=0
— 6 12 44 72
Law —Duun! ™ High Houwrs post injection

* 10 ug circRNA-fLuc;
 FVB mice.
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Experiment designment

3: Evaluate circRNA-CFTR LNPs in human CF cells
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circRNA-CFTR outperformed mRNA-CFTR for CFTR expression in CFBE410- cells

CF cells
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CF-WT cells:

CF cells stably transfected with an
Epstein-Barr virus (EBV)-based
episomal expression vector,
pCEP4b.

CFBE41o0- CF cells: derived from
a patient homozygous for the
F508del mutation.




circRNA-CFTR outperformed mRNA-CFTR for CFTR expression in CFBE41o0- cells (WB)
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circRNA-CFTR outperformed mRNA-CFTR for CFTR expression in CFBE41o0- cells
(Ussing chamber: chloride function experiment)
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Experiment designment

4: Evaluate circRNA-CFTR LNPs in CF mouse model (ongoing)
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Pulmonary delivery of circRNA-CFTR LNPs resulted in CFTR expression in the lung of CF 2
transgenic mice

.152000-
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* Mice: Cftr/tm1lUnc Tg(FABPCFTR)1 Jaw/J double-transgenic CF KO mice.
» 2ug circRNA-CFTR LNPs were subject to intratracheal injection into mice, prior to tissue collection 7 days later.
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Pulmonary delivery of circRNA-CFTR LNPs resulted in CFTR expression in the Goblet
cell of CF transgenic mice CF mice

Untreated mice CircRNACFTR-| NP m1W¥Y-mRNACFTR-PS-LNP CircRNACFTR-PS-| NP

« Mice: Cftr/tm1Unc Tg(FABPCFTR)1 Jaw/J double-transgenic CF KO mice. Mucin; CFTR; DAPI (nuclei).
» 2ug circRNA-CFTR LNPs were subject to intratracheal injection into mice, prior to tissue collection 7 days later.
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