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Therapeutic approaches
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/
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RNA based therapeutics

A ) o<
Silence Activate Edit Replace

Genome editing (e.g.
CRISPR/Cas9)
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The challenge in RNA therapeutics

An appropriate delivery system.
Requirements:

Efficient RNA encapsulation
Evading clearance mechanism
Avoid toxicity and immune activation
Carrier internalization

RNA release

Specificity
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Lipid nanoparticles (LNPs)

Components: Lipid mixture in ethanol -
Cholesterol < H ‘a /
DSPC ﬁ
PEG-DMG %9 0 Q ﬁ
lonizable lipid N

./ What water should you use whil you use while making

A- Nuclease free water \—/ﬁ Molecular grade water

R —
DEPC treated water <

LNPs advantages:

* Biocompatible

Nanoassemblr®

VVVVV\ Microfluidic mixer

* Biodegradable

* Nucleic acid protection

* Increase stability in circulation
* Increase therapeutic effect

* Clinically approved
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Laboratory of Precision NanoMedicine

Exome / Transcriptome analysis
Target Discovery & Validation

Tailor-made the
appropriate nano-

vehicle, selective
RNA Delivery systems (from lipid synthesis) to targeting agent and

Generation of mAbs & Protein Engineering specific therapeutic

payload
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Structural Design of lonizable Lipids

Dlin-MC3-DMA

0 — —

—_— S N—

S Hydrophobic Tail
Head Group E
. Hydrophobic Tail

Dr. Srinivas Ramishetti

Cationic

Based on the gold standard we have synthesized more than 100,000 different
lipids from 2012.

Ramishetti S. et al. Advanced Materials 2020
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In vitro screening FES R
Biodistribution
Toxicity

Dr. Inbal Hazan-Halevi

Targeted in vivo gene expression

A

Best candidate /

L #
Lipid nanoparticles/

Dr. Somu Gonna Naidu - Ramyishetti S. et al. Advanced Materials 2020

CRS ==

NEXT-GENERATION
ANNUAL MEETING PHILADELPHIA, PA DELIVERY INNOVATIONS
& EXPOSITION JULY 13-18, 2025




Dr. Somu Gonna Naidu Vol 10 No. gy 22023
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Organ specific delivery or cell specific ?
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Naidu S.G. et al. ACS Nano 2025
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mLuc-LNPs
A (10pg of mRNA,
C57BL6/J Q IV retro-orbital)
8-10 weeks old

VIS
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LNPs LNPs
A (100,000 cells,  (0.09mpk, (0.09mpk,
IV caudal vein) IV retro-orbital) IV retro-orbital)
CS78L6/J &
10-12 weeks old

/" Day 0 Day1 Day 5

LNPs were loaded with mRNA
encoding for the cytotoxic
Pseudomonas Exotoxin A
(MPE-A)

Naidu S.G. et al. ACS Nano 2025
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Targeted delivery platform

Targeting moiety-
Antibodies
Peptides
Ligands
Aptamers
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Antibody targeted LNPs construction

Conjugation Antibodies are not alike Fc exposure
efficiency Poor binding

Chemical conjugation

Linker strategy

Affinity Same Fc C(_)ntroll_ed
orientation

- CRSE=3
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Anchored Secondary scFv Enabling Targeting — ASSET

Lipidation mCher Anti-rat IgG2a

Dr. Ranit Kedmi Dr. Nuphar Veiga

Kedmi, R. et al. Nat. Nanotechnol. 13, 214-219 (2018).



ASSET as a Targeting Platform

ASSET Rat IgG2a antibody




ASSET as a Targeting Platform
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Antibodies used with human cells

Hard to find

Mouse 1gG1 Mouse 1gG2 Rat IgG2a



Lipidated Antibody Nanoparticle Delivery — LAND

Utilizing the ASSET platform to construct a direct targeting moiety

Anti XXX scFv

Anti XXX antibody



LAND Direct Binding to Target Cells

Anti-
Target Cell Target

receptor
LAND

Target Receptor




LAND Direct Binding to Target Cells
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ASSET as a Targeting Platform
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Modular platform

cccccssce
.......... >
Kedmi R, Veiga N et al. Nature Nanotechnology 2018
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' cD25 | Versatile in vivo targeting
| CD4 - CD8 |
CD3

CD19  CD11b
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Kedmi R, Veiga N et al. Nature Nanotechnology 2018 - siCy5
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Therapeutic applications

Hematological
malignancies

*  Myeloma
* Leukemia
« CML
« AML
+ CLL
« ALL
* Lymphoma
* Hodgkin’s
* NHL: MCL

CRS ==

Solid Tumors

Ovarian cancer
GBM
Head and neck

ANNUAL MeEeTine PHILADELPHIA, PA
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Inflammation

Autoimmune diseases
* Colitis
e Crohn’s
- RA
e Psoriasis
*  Lupus/SLE
« MS
* Allergy/Asthma
« GVHD
* IR injury

Viral infection

e HIV
 Ebola
+ COVID-19

Genetic
disorders

Duchenne Muscular
Dystrophy

CF

XBP-1
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Therapeutic approach: Silencing ”-4\-:& MATE RIALS

Target gene: HO1

Target Receptor: PDL-1

Seok-Beom Yong, Ph.D
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Single gene (HO1)-targeted lipid nanoparticle for chemo-immunotherapeutic boost in cancer

*Dual function of HO1 gene in tumor effe
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. . . 100 -
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Yong S-B et al., Advanced Materials, 2022 +Dox
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In vivo anti-tumor effect in combination with chemotherapy (Dox) & immune reprogramming effect
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Anti-tumor effect in combination with chemo-immunotherapy
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Yong S-B et al., Advanced Materials, 2022
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RNA based therapeutics

2) (&<

Edit Replace

CRISPR/Cas9
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Targeted CRISPR/Cas9 LNPs for therapeutic genome editing in
cancer

Dr. Daniel Rosenblum Dr. Anna Gutkin

Rosenblum D.*, Gutkin A* et. al. Science Advances 2020
Gutkin A*, Rosenblum D.*, Peer D. Nature Biotechnology 2021
Elia U.*, Kon E*, Peer D. Nature Biotechnology 2023.
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Why cancer?

Cancer remains the second major cause of mortality worldwide.

(Werld) (2016)

Annual Number of Deaths by Cause

Cardiovascular diseases

Cancers

Respiratory disease

Diabetes, blood and endocrine disease
Dementia

Lower respiratory infections

Neonatal deaths

Road incidents

Liver disease 1.26
Tuberculosis 1.21
Kidney disease 1.19
Digetive disease
HIV/AIDS
Suicide

Malaria

CRS ==
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CRISPR/Cas9 mediated genome editing

Cas9

Active
Sites

- CRSEz=
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CRISPR/Cas9 mediated genome editing

Cas9 nuclease

Target DNA /4

CRSEE NEXT-GENERATION
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Bin L. et.al, Drug Discovery Today (2019)




Clinical applications of CRISPR/Cas9

In vivo editing

Ex vivo editing

Extraction of
T-cells or HSCs

CRISPR/Cas9 '
manipulatiorf 4 o

O ‘
® o000 | N

Clonal selection °°°
000

000

Expansion

CRISPR/Cas9
Components

[_I_‘ﬂ,

CRISPR/Cas9 “Cas9 mRNA
Cas9/gRNA RNP Plasmid with gRNA

Rosenblum D., Gutkin A. et. al. ADDR (2020)
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CRISPR/Cas9 Lipid nanoparticles (CLNPs)

Lipid Nanoparticle

T =

Lipid mixture in ethanaol R K
j g\\!?

Cas9 mRMNA /\/\
~ 4600b W,,

RN A

~120b
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Nanoassemblr®
Microfluidic mixer

Rosenblum D., Gutkin A et. al. Science Advances (2020)




ANl NI THIT OV WVITATIITITIJ TN VT ALV

m

RNP

N

/’ \ ’
] 1 _ﬂ/ / PEs
| } > ~<_ Translation .-
\ ¥ el T - — - -
el ' JRNA loadin
Endosomal Cas9 mRNA 4 - ¢ s
escape and gRNA
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Challenges in Gene Editing

Specificity issues:

= On target

=  Off target

gRNA-DNA
hybridization

Cargo-related issues:

= mRNA size and instability loss Induction

= Kinetics of mMRNA expression and gRNA presence

[T T Th

“PAM
* HDR has low efficiency compared with the NHEJ — relevant in Non-homologous end Homology dependent
. . joining (NHEJ) repair (HDR)
cases of DNA template integration
[I/1]]| DNA Template
TLLTOTLT T 0 TAT ) TeT TTCTTTO T T I
A
. . Insertions/deletions - Precise repair -
1. Breler, D & Peer, D BIO&Ct Matel' 2022 gene disruption gene correction

2. Kon, E., et al.. Nature. Rev. Clin. Oncol. 2023.
3. Masarwy, R, et al. Adv. Drug Deliv. Rev. 2024.



Design and construction of cLNPs

Dlin-MC3-DMA

~20-24b
~4600b
) .
CRSE=z \ FION
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Design and

Ramishetti S, Hazan-Halevy I, Palakuri R et. al. Adv
Mater (2020)

AERN

Dr. Srinivas Ramishetti Inbal Hazan-Halevi Dr. Ramesh Palakuri
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construction of cLNPs
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% of GFP positive cells

Design and construction of cLNPs

30
120+ -0.5
S 20 100
E 0.4
T £ 807 0.3
= 10 £ iy
o o 607 o
2 N 0.2
o 0 N 404
» 20 L 0.1
-10 T T T T T i 0- -0.0
MC3 L1 L6 L8 L10 Size MC3 L1 L6 L8 L10
CLNPs cLNPs cLNPs cLNPs CLNPs CLNPs cLNPs cLNPs cLNPs cLNPs
1204
100 120
- MC3-cLNPs
80 g 1004
- L1-cLNPs ]
60 S 80
= L6-cLNPs .. 7]
40 Efficiency S 6o
2 - L8-CLNPs Encapsulaﬂoné 4o
~ L10-cLNPs 5
0 T T T T T X 204
Mock 0.1 0.25 0.5 1
Concentration (g/ml) 0- MC3 L1 s s Lo
CLNPs cLNPs cLNPs cLNPs cLNPs
Lipid 8 MQN \/\/\/\/\_/E/\/\/

NEXT-GENERATION
DELIVERY INNOVATIONS

- CRSE=3

ANNUAL MeeTing PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025



Tumor models

Murine orthotopic glioblastoma multiforme (GBM)
Human metastatic ovarian adenocarcinoma
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PLK1 gene disruption in two tumor models in vitro
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Local delivery of cLNPs to GBM
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Week 2

Week 3

Week 4

Week 5

Single administration of sgPLK1-cLNPs results in potent
tumor growth inhibition and prolong survival of GBM bearing
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Systemic delivery to metastatic ovarian

adenocarcinoma
ASSET* incorporation to LNPs.

Targeting the overexpressed epidermal growth factor receptor (EGFR).
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Systemic delivery of targeted cLNPs to
metastatic ovarian adenocarcinoma
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Schematic experimental design: Systemic delivery of
targeted cLNPs to metastatic ovarian adenocarcinoma
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EGFR targeted sgPLK1-cLNPs potently inhibit tumor growth
and increased overall survival in metastatic OV8 bearing
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Management of Locally Advanced - HNC

Fifth most common cancer worldwide.
>90% squamous cell carcinoma (SCC).
HNC.: oral cavity, nasal cavity, pharynx,
and larynx.

HNSCC subtype
D Oral cavity and lip
|:| Laryngeal
|:| Nasal cavity and nasopharyngeal
I:I Oropharyngeal

\ D Hypopharyngeal
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Prognosis

5-0OS between 30 - 70%, depending on
the stage and location of the tumor

40-50% of the patients
experience disease
recurrence
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https://doi.org/10.1038/s12276-020-00492-9

Challenges
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Proposed solutions

IT injection

Careful selection
of the Target-gene

Targeted
Platform
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1. Visible, palpable,
or detectable 2
relevant to
intratumoral therapy

2. Minimize the off-
target toxicities

Exclusively
expressed in
cancerous cells

+

Critical for their
survival

Reduce the dangers
of off-target activity.

. J

Organ and tumor
cells-specific
delivery system

Specific and efficient
delivery
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Dependent Cell Lines ©
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Embryonic stem cells

(ESCs) transcription factor-
required for embryogenesis
and regulates expression of
genes during development.

In normal adult tissues only
detected in central nervous
system (preserve stem-cell
maintenance)
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Head and neck cancer.

Gl cancers: Hepatic, colorectal,
esophageal, pancreatic, and gastric
cancer

GU cancers: ovarian, cervical,
prostate
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Others-

Lung carcinoma
Breast carcinoma
Melanoma
Glioblastoma
Osteosarcoma
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EGFR targeted sgSOX2-cLNPs Mediates Therapeutic Genome Editing
In a Head and Neck Tumor post IT administration administration
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EGFR targeted sgSOX2-cLNPs Mediates Therapeutic Genome Editing in a Head and Neck Tumor

post IT administration
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RNA based therapeutics
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Vision
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Endosomal Escape: A Bottleneck for LNP Mediated
Therapeutics ?
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Chatterjee S. et al. PNAS (2024)
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Understanding intracellular immune response
of LNPs

1)

" Sensing by TLRs?

Pro-iL-1p — IL-1B
Pro-IL-18  —= IL-18

!

Cell death

Immune

cell

Sharma P. et al. Nature Biomedical Engineering (2024)

NEXT-GENERATION

DELIVERY INNOVATIONS

Inflammatory
response




The Peer Team

A7IPANIONN 1PN7 730N
[MIT TV AT 0W 7Y

AN SIONT=CH @

pl g,
S o
&
s’

1T
naINTa

] ART BioScience
@peer_lab dan-peer.tau.ac.il BRIDGING THE THERAPEUTIC GAP

CRS =3 NEXT-GENERATION

ANNUAL MEETING PHILADELPHIA, PA DELIVERY INNOVATIONS
& EXPOSITION JULY 13-18, 2025




UAL meeTine PHILADELPHIA, PA
:::::::::: JULY 13-18, 2025



o =S A
Y canDEFERTICANCERFroN

Paertth S
Precision Noﬂom@d:@@//

- -“




