IPSC-DERIVED RETINAL PIGMENT EPITHELIUM
REPLACEMENT THERAPY FOR MACULAR DEGENERATION:
from BENCH-TO-BEDSIDE




Vision Loss Affects Every Aspect of Life

» There are over 350 different genetically manifested eye conditions that affect millions of
people world-wide

Sources: https://www.fightingblindness.org/
https://www.nei.nih.gov/learn-about-eye-health/eye-conditions-and-diseases




In Macular Degeneration Retinal Pigment Epithelium (RPE)
Loss Precedes Photoreceptor and Choroid Degeneration




RPE Replacement Can Rescue Dying Photoreceptors
iIn AMD (Geographic Atrophy)




RPE Replacement Can Rescue Dying Photoreceptors
iIn AMD (Geographic Atrophy)




NEI Approach To Transplant An Autologous iIPSC-RPE
Patch In The Transition Zone

Hypothesis: iPSC-RPE patch will stop photoreceptor degeneration and may regenerate
choriocapillaris

Goal: To develop a reproducible and efficient protocol for growing RPE (from autologous iPS
cells) on PLGA scaffold suitable for transplantation.




Generating Pure and Mature IPSC-RPE Cells
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Reproducibility: >60 Donors (>100 clones and >500

differentiation runs)
» 25 Healthy clones

May-Simera et al. , Cell Reports 2018
Sharma et al., Sci.Transl.Medi. 2019
Sharma et al., Ann Rev. 2020

Sharma et al., Cell Star Protocols 2022



Use of Fused Fiber Biodegradable Scaffold
made from poly(lactic-co-glycolic acid; PLGA)
for RPE Patch




Functional and Polarized iPSC-RPE Patch on a Scaffold

RPE monolayer




IPSC-derived RPE Form a Confluent Monolayer with
Hexagonal Cell Morphology (measured as Trans-Epithelial Resistance))

Apical - Basal
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Developmentally-guided Autologous GMP-manufacturing Process

In-process Blood draw from patient
quality controls

CD34+ isolation and cryopreservation Patient material

Transfection ‘
Passage 1 ‘

Sterility, karyotyping Mini bank pS ‘ IPSC Mini bank

plasmid loss, identity, Working bank p10 Day 30 IPSC Working bank

Oncogene sequencing (~ 8 clones)
Passage 11

Differentiation set up EsEWE:Y}
up to 3 clones

Day 99 differentiation

efficiency (go/no go) RPE progenitor stage QBEVANE! RP&SU;;’E?&?)LE?”"

Purity assay

Committed RPE enrichment EBEVAVAS; , )
(go/no go) 65 iPSC lines
; tested so far

Scaffold seeding
. ) only one clone FCDI/Madison
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Lucas Chase
|dentify, function Clinical product — RPE patch BV and team




Purity of IPSC-RPE Product Manufactured During
Pre-clinical Studies

RPE markers
iIPSC markers Committed RPE Mature RPE
lm
759.1 99.6 99.6 91.1 85.4
759.2 0.0 0.0 99.9 99.9 95.2 87.9
759.3 0.0 0.0 99.7 99.8 93.7 83.5
118.1 0.0 0.0 97.5 99.9 94.7 86.2
118.2 0.2 0.1 90.6 99.9 92.5 924
118.3 0.0 0.0 97.5 99.9 87.3 83.7
7171 0.0 0.0 99.8 100 86.5 954
717 .2 0.0 0.0 99.5 99.9 88.8 88.9
717.3 0.0 0.0 99.9 99.8 89.7 86.95

Sharma et al., 2019 Sci Transla. Medi. > Ab sensitivity: Tral-81: 0.01-0.001%, OCT4: 0.1%



Artificial Intelligence Based Validation of
Transplantable Autologous iIPSC-RPE Product

Al-algorithm

Model #77

False
Positive Partially-mature RPE

Fetal-like RPE
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>10,000 images of cells under differentiation from four different donors were used to train the network
(Hotaling et al., J. Clin. Inves., 2019)



Convolutional Neural Networks (CNNs) Measures
Hexagonality of IPSC-RPE Product

(0] 10

* Native RPE cells
» ~Six neighbors
» Hexagonal in shape.

» Hexagonality Score

 Perfect hexagonality
score = 10

Donor 2 Donor 3 Primary
RPE

ReShape software is described in -Ortolan et al. PNAS 2022



Pre-clinical Animal Studies




GLP Pre-clinical Toxicity, Biodistribution,
and Tumorigenicity Study for IND

RNU rat model (0.5mm scaffold)
2 mm

I 0.5 mm
diameter
Human dose Rat equivalent Human dose
of human dose 70,000 cells

> Cells derived from two different AMD patients were used

» Atotal of 450 rats were transplanted



SCHEMATIC OF SURGICAL PROCEDURE
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TRANSPLANTATION PROCEDURE IN RNU RAT 0.5mm SCAFFOLD




POST-SURGERY OCT

Retinotomy

| 4

_ Implant




EMPTY SCAFFOLD (RNU) SCAFFOLD WITH iPS-RPE CELLS (RNU




STEM121 (human cells)
PLGA scaffold is completely degraded in 10 weeks

» Transplantation of a 0.5 mm diameter piece in the subretinal space of rats



Summary

Administration of RPE-PLGA implant to male and female Crl:NIH-Foxnlrnu
rats was well tolerated and not associated with tumorigenicity.




Surgical procedure in RNU rats

Good:

* Repeatable procedure

» Delivery of comparable to human dose
* No immune response




RNU rat model update

¥

SRG rat pre-clinical model (1.5mm scaffold)

https://www.criver.com/products-services/find-model/srg-rat



1.5 mm scaffold Implantation Instrument

Open Closed



Scaffold loading




SCHEMATIC OF SURGICAL PROCEDURE
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Surgical Procedure




3.5-month scaffold:
color photograph




2.5 month OCT check




3.5-month scaffold:
multicolor fundus
image







Average % photoreceptor
nucleus surviving
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Efficacy, local tolerability studies, and developing surgery steps

(Pig model)




Laser Induced RPE Ablation in Pigs

Histology
Damaged pig RPE

Sharma et al., 2019 T

Sci Transla. Medi. . .

Barone et al., 2023 Dying pig photoreceptors
JCI Insight




Transplantation Tool

VFI adapter

Instrument

control
Foot pedaN

Tinted for better visibility, but
transparent enough to monitor
implant position, disposable,
light




Transplantation of Human RPE Patch in Pigs

Juan Amaral



Long-Term Follow up Transplanted Human
RPE Patch in Pigs (clinically-relevant readout)

150 days post transplantation
Outer retina recovery

\




Long-Term Follow up Transplanted Human
RPE Patch in Pigs (clinically-relevant readout)

» This is also a POC for the double dose of our cell therapy product;
here both patches were coloaded in one tool

Sharma et al., 2019, Sci. Transla. Medi.; Gupta et al



Structural and Functional Assessment of the
Transplant and RPE Injury

Animal

From THE ELECTRORETINOGRAM: ERG
BY IDO PERLMAN

Aaron Rising, Yichao Li, and Haohua Qian (NEI) Sharma et al., 2019, Sci. Transla. Medi.



Choriocapillaris Regeneration in iPSC-RPE Patch
Transplanted Pigs

Choriocapillaris in Choriocapillaris in
Choriocapillaris RPE-patch transplant RPE-patch transplant Empty PLGA transplant
(Fundus photograph) (OCTA) (OCTA)

Gupta et al, under prep



Human iPSC-RPE Patch Integrates in the Pig Eye And
Starts Phagocytosing Pig Photoreceptor Outer Segment

STEM121 (human RPE cells)
Rhodopsin (pig photoreceptors)



Survival and Efficacy of IPSC-RPE Monolayers
On Biodegradable Scaffolds In Laser-injured Pig Eyes

Aaron Rising and Mercedes Campos (NEI)

Sharma et al., Macular Degeneration Patient Specific Clinical-Grade iPS Cell-Derived
RPE Patch Rescues Retinal Degeneration in Rodents and Pigs
(Sharma et al., 2019, Sci Transla. Med.)




Phase I/lla Clinical Trial Initiated at NEI

rotocol Title: A Phase I/Ila Trial for Autologous Transplantation of Induced Pluripotent Stem
Cell-Derived Retinal Pigment Epithelium for Geographic Atrophy Associated
with Age-Related Macular Degeneration

bbreviated Title: STEM-RPE
rotocol Number: T-EI-1678

Study Design and Single Arm, Open Label Study in Subjects with Advanced, Dry Age-related Macular Degeneration
Population with Significant Geographic Atrophy Involving the Central Fovea

Number of Subjects 15 (2 Cohorts) male or female subjects from 55 years of age or older

iPSC-derived RPE Patch Pars plana vitrectomy with implant to subretinal space

Dose One iPSC-derived RPE-PLGA patch (2x 4 mm in size)

Primary Endpoint Test the safety and feasibility of patch administration at 1 year
Secondary Endpoint Assess visual acuity and retinal function after patch administration
Subject Follow-up 60 months (5 years)

Major Inclusion Criteria Geographic Atrophy secondary to Dry AMD (>1 disc area)

* Cohort 1 - 5 subjects with vision 20/100 and above
» Cohort 2 — 10 subjects with vision 20/80 and above

Major Exclusion Criteria No Other Retinal Disease but Dry AMD; No History of Retinal Detachment; No History of Glaucoma or
Diabetes Mellitus / Diabetic Retinopathy (except mild)




Summary

Functional validation of clinical-grade iRPE-patches allowed determination of tissue barrier
resistance, purity of RPE cells, and RPE cell shape metrics as key critical quality attributes

Preclinical animal studies in immune-compromised rats confirmed safety of the auto-iRPE-patch
and efficacy studies performed in a porcine laser-induced RPE injury model (mimics AMD-like eye
conditions) show integration and functionality of RPE patches.




Thanks to the Entire Team and Collaborators!!







Targeted therapies




Morphometric Analysis of Human RPE
Subpopulations
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human RPE flatmount

e Dark blue = Small area

* Yellow/Red = Big area

P4
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Ruchi Ortolan et al. PNAS 2022



Different RPE Sub-populations Are Affected in
Different Retinal Degenerations

» Analysis of ultra-widefield fundus photographs from patients

macula Far-periphery

Subpopulations Pl P2 P3 P4 P>
of RPE (0-1.5mm) (1.5-11mm) (11-14 mm) (14-17mm) (16-24 mm)
CHM degeneration

L-ORD degeneration degeneration

RD (undiag.) degeneration degeneration

Stargardt degeneration

AMD degeneration degeneration degeneration

» What are the molecular and functional differences between RPE subpopulations
that dictate differential sensitivity in different diseases ?

> If we develop specific subpopulations from iPS cells, we could use those cells to
understand differences and also develop disease-specific treatments

Davide Ortolan, Laryssa Huryn



Al-based RPE Size High Throughput Screen
Discovered Macula (FOVEA) and Periphery iPSC-RPE

: , Neuro
iPS cells ectoderm
iPSC-RPE ﬂ human RPE
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Davide Ortolan, Ruchi Sharma, Arvydas Maminishkis



Al-based RPE Size High Throughput Screen
Discovered Macula (FOVEA) and Periphery iPSC-RPE

Macula (FOVEA)-specific RPE cells Mid-Periphery-specific RPE cells

= [KERIPICl IO CESSES

Davide Ortolan, Ruchi Sharma, Arvydas Maminishkis (Ortolan et al., under prep)



Macula (Fovea) and Periphery IPSC-RPE Are
Molecularly Distinct

Higher POS
phagocytosis

scRNAseq

Van Soest et al. 2007



Physiological Differences Between Foveal and Mid-
peripheral RPE

POS uptake POS Digestion
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Thanks!!







Multi-tissue implants




Homeostatic Unit of the Eye Light
(Photoreceptors/RPE/choroid)

N



In Macular Degeneration RPE Loss Precedes
Photoreceptor and Choroid Degeneration

Photoreceptor
loss

Transition zone



Developing Dual RPE/Photoreceptor Patch

iPSC-retina differentiation iPSC—RF"E ﬂffgrei\tiation

iPSC-PRP differentiation

DoD grant to reconstruct the retina for transplantation Collaboration with David Gamm and
team, UW-Madison and, Lucas Chase (Opsis Therapeutics, Madison)

Jair Montford, Ruchi Sharma, Francesca Barone, Juan Amaral, Irina Bunea, Kristi Creel, Mitra
Farnoodian, Arvydas Maminishkis (NEI team)



Improved Retinal Thickness and Preserved Outer Nuclear Layer
In Pig Eyes Transplanted with Dual PRP/RPE Transplants

CONTROL LASER+PLGA-iPRP-iRPE LASER

Irina Bunea, Kristi Creel, Juan Amaral, Jair Montford, Ruchi Sharma, Francesca Barone (NEI team)



Improved Cone Density in Transplanted Retina
(Longitudinal Adaptive Optics in Pigs)

Lasered eyes with dual transplants

Lasered eyes

Dara Baker, Rishabh Gupta, Francesca Barone, Irina Bunea (NEI team)



Transplanted RPE/PRP Integrate in The Pig Retina

MITF — labels RPE Cone Opsin — labels Cones Recoverin — labels Rods

DAPI MITF Human nuclei DAPI Cone Opsin Human Nuclei DAPI Recoverin Human Nuclei

Joe Philips, David Gamm and UW-Madison team



Timeline for Development of an FDA Approved Stem Cell Therapy

FDA approval

FDA approval Commercial
Approval









