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Corneal dystrophies are bilateral genetic disorders
caused by mutations in specific genes, leading to
progressive accumulation of irregular deposits in
the cornea and vision loss. While genetic advances
offer insights, targeted therapies remain limited,
highlighting the potential of CRISPR/Cas :
technology. |
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CRISPR/Cas System

Congenital hereditary endothelial dystrophy (CHED) |
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Delivery Strategies of CRISPR/Cas Components
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Research Gaps and Objectives
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Objectives
L%"é’l:ce\@m Synthesis and characterization of cationic
efficiency 1 biodegradable polymer
J
Poor Lack of _ ;'.?:,,'( o }4:‘@"{.‘/ Formulation and characterization of lipid-
Stability and Tissue and | B, :) : 2 | polymer hybrid nanoplexes
Scalability cell specific ¢ el §
Research  targeting WP P
Gap 55 § In vitro evaluation and cell culture studies of
3 pDNA and RNP loaded nanoplexes
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Immunogen o . ]
icity o% Inefficient Lipid-polymer hybrid nanoplexes loaded into
delivery nuclear 4 microneedle patch and its characterization
carriers localization
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Synthesis Scheme of Biodegradable Cationic Polymer | Characterization of Biodegradable Cationic Polymer |
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Preparation of Blank Lipid-Polymer hybrid

nanoplexes
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Hypothesis based on electrostatic interaction
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hybrid blank nanoplexes
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Cytotoxicity study 72 hr (SIRC cell line)
100

% Cell viability

=

Inteasity (Percent)

Intensity (Percent)

= = =

(=

In vitro characterization of nanoplexes
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Particle size and zeta potential analysis
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Complexation efficiency of nanoplexes

PDNA loaded Lipid-polymer

RNP loaded Lipid-polymer
hybrid nanoplexes

hybrid nanoplexes
| (N/P=5) |

1 2 3

Cationic PLM +
2.5 mg Chol (N/P)

1= Ladder, 2 = sgRNA,
3 = RNP, 4 = RNP loaded

nanoplexes

Heparin competition assay: Release of CRISPR-Cas component

pDNA loaded nanoplexes
Heparin
Concentration (IU)

RNP loaded nanoplexes
Heparin
Concentration (IU)
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In-vitro RNPs transfection by lipid-polymer hybrid nanoplexes

Endo/lysosomal escape by lipid-polymer hybrid nanoplexes
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In vitro quantitative transfection efficiency
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Characterization of microneedle patch

L: DNA Ladder; P: Plasmid DNA; S1: Plasmid DNA
complexed with LPH formulation after 60 seconds of
dissolution; S2: Naked plasmid DNA released from
LPH after incubation with heparin.
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In vivo ocular distribution and histopathological analysis

Delivered to rabbit eye

Rapidly
Microne

GFP in Rabbit Cornea: 48hr of post treatment
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Conclusion Future Perspective

Developed a CRISPR-Cas delivery system using lipid-polymer hybrid
nanoplexes for targeted gene editing in corneal cells.

SgRNA

2 Achieved high transfection efficiency (~60%) with minimal
cytotoxicity in HEK293 and SIRC cells.

in corneal layers which was confirmed by Ex vivo (Porcine) and in

vivo (rabbit) studies.

Microneedle patches enabled CRISPR-Cas delivery with no toxicity
v Patient-derived human corneal endothelial cells

v' Disease animal of C57BL/B6 mice/ rabbit
cornea
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To check gene editing ejfflc.lency in mutated gene I
| in cornea, further evaluation in
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This work presents a CRISPR-Cas delivery platform utilizing electrostatic
interactions for efficient delivery and distribution in corneal cells
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