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Long-term safety and tolerability
of subretinal transplantation
of embryonic stem cell-derived
retinal pigment epithelium
(hES-RPE)
in Asian Stargardt disease
patients

Youngje Sung MD MS
Won Kyung Song MD PhD
Retinal Clinical Trial Lab (RCTL)
CHA Bundang Medical Center
CHA University
Seongnam, Republic of Korea
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Stargardt Disease (STGD1; MIM 248200)

i i i i Childhood Early Late
:jn/(*:[ mhsrlted form of juvenile macular e e
ystrophy Prevalence Common ¢ 5 Least

A prevalence of 1 in 8000-10000
Prognosis Poor > Better
Associated with disease-causing mutations in o |
Outer segment intradiscal space|
the ABCA4 gene
Jene .y =5 - @)=
Autosomal recessive mode of inheritance >
eggs;gzm trans RAL g(e%rxr%r;%%r:er{t
Both clinically and genetically highly e — -
heterogeneous ——
135 o \ B
Bilateral central visual loss, dyschromatopsia, * @
central scotoma ool 54

No established treatment

Characteristic macular atrophy and yellow—
white flecks at the level of the retinal pigment
epithelium (RPE) at the posterior pole

British Journal of Ophthalmology 101.71 (2017): 25-30.
Advances in Vision Research, Volume Il. Essentials in Ophthalmology. Springer, Singapore.
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hES-RPE

(Human Embryonic Stem Cell Derived Retinal Pigment Epithelium)

Age-related macular Inherited macular
degeneration degeneration

(Advanced dry AMD) (Stargardt Disease, SMD)
2012~ 2013~

~ Clinical Trials in CHA Bundang Medical Center

RPE Clinical Trials

SCNT-RPE

(Somatic Cell Nuclear Transfer
Stem Cell Derived Retinal Pigment
Epithelium)

Age-related macular
degeneration

(Advanced dry AMD)
2017~
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Publications from the clinical trials in Bundang CHAMC

STEM CELL REPORTS ,

Volume 4, Issue 5, 12 May 2015, Pages 860-872

Article
Treatment of Macular Degeneration Using Embryonic Stem Cell
-Derived Retinal Pigment Epithelium: Preliminary Results in

Asian Patients

Treating Macular Degeneration with Stem Cells

HEALTH
SYSTEMS

Participants : total of 4
- 2 Dry AMD
-2 SMD

IP:
- hES-RPE suspension 5x10% cells

Follow up :
- 12 months

Outcome:
- BCVA (ETDRS)
Dry AMD +1 (FE -5), +9 (FE -20)
SMD +12 (FE +9), +19 (FE =+9)
- 3/4 eyes subretinal pigmentation

Adverse events

- 1 eye choroidal neovascularization
(CNV) requiring anti-VEGF

- 2 eyes epiretinal membrane (ERM)
with pigmentations

Stem cell reports 4.5 (2015): 860-872.



Participants : total of 18
- 9 Dry AMD (77 Y; 70-88)
- 9 SMD (50 Y; 20-71)

IP_: hES-RPE suspension
-3 eyes each with 5x10%, 10x104, 15x104 cells

Follow up : 22 months
-4 <12m.; 12 12-36 m.; 2 >36m.

Qutcome BCVA at 12 months :

< Dry AMD >

3 eyes improved > 15 letters

1 eye improved 13 letters

3 eyes stable

< SMD >

3 eyes improved 2> 15 letters

3 eyes stable

1 eye decreased by more than 10 letters

Adverse Events

- No cell related adverse proliferation, rejection, or serious ocular or systemic safety issues
- Adverse events were associated with vitreoretinal surgery and immunosuppression
: Endophthalmitis 1, preretinal pigmentation 3, cataract 4, vitreal band 1

% 13 (72%)/ 18 patients ; patches of subretinal pigmentation.
The Lancet 379.9817 (2012): 713-720.
Stem cells 27.9 (2009): 2126-2135.
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FoIIowing reports from hES-RPE trial (U.K.)
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Transplantatlon of Human Embryonic Stem
Cell-Derived Retinal Pigment Epithelial Cells
in Macular Degeneration

uuuuu

50 K hESC-RPE

Manjit S. Mehat, PhD, FRC‘OphthI 7 Venki gundaram MD, FRCOphth,"* Caterina R!pam(mn PhD,?
Anthony G. Robson, PhD ? Alexander J. Smith, PhD," thamanga Borooah, PhD, FRCOpth

Martha Robinson, PhD,” Adam N. Rosenthal, PhD, FRCOG thham Innes, MRCP Rlcha‘rd(J Weleber, MD,*
Richard W.]. Lee, PhD FRCOphth 123 Michael C'rossland PhD ~ Gary S. Rubm PhD,"

Baljean Dhillon, FRCS,” David H.W. Steel, FRCOphth,” )chdy Anglade MD,’ % Robert P. Lanza, PhD,"”
Robin R. Ali, PhD,"*'! Michel Michaelides, MD, FRCOphth, > James W.B. Bainbridge, PhD, FRCOphth! "%
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100 K hESC-RPE

A.

.

*
,

Participants :
- 12 STGD1 (34-53 years)

150 K hESC-RPE

IP : hES-RPE suspension
3 eyes in each dose of 5x104, 10x10%, 15x104, 20x10% cells
+ Systemic immunosuppression for 13 weeks

Follow up: 12 months

200 K hESC-RPE

Outcome
BCVA : borderline improvement in 4 eyes, unsustained or similar improvement in fellow eyes
Microperimetry ; borderline improve in 1 eye at 3 mo only, others not significant
Static perimetry ; deterioration in 2 patients both eyes, not significant
NEI VFQ-25 ; no significant change
Color vision (n=4) ; no significant change
Subretinal pigmentation in all eyes area o dose (R*=0.981)

Ophthalmology Volume 125, Number 11, November 2018
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Identification of Transplanted hES-RPE in Human

: Following reports from the clinical trials in Bundang CHAMC

The JAMA Network”

Journals ~ Enter Search Term

—— JAMA Ophthalmology

™) March 2017

(&) Survival of Transplanted Human Embryonic
< Stem Cell-Derived Retinal Pigment Epithelial
wore  Cells in @ Human Recipient for 22 Months

Sung Han Shim, PhD'; Gwangil Kim, MD, PhD2; Dong Ryul Lee, PhD3; et al

[&] Fundus photograph and optical coherence tomography before removal of ERM [&] Hematoxylin-eosin 100 Hematoxylin-eosin 400

o/; f/‘
N AT, S
/gf’ >

Chromosome fluorescence in situ
hybridization

[0] oarr [E] mire DiC

[€] oapi+wiTr [H] papt+miTF+DIC [1] oai

[3] Bestrophin [x] oic [] oapi+ bestrophin

[M] i+ bestrophin+Dic

JAMA Ophthalmology 135.3 (2017): 287-289.



of hES-RPE in Asian SMD patients

Long-term safety and tolerability of subretinal
transplantation of embryonic stem cell-derived retinal
pigment epithelium in Asian Stargardt disease
patients

Youngje Sung @, Min Ji Lee,? Jinjung Choi,® Sang Yoon Jung,3 So Young Chong,?
Jung Hoon Sung,” Sung Han Shim,® Won Kyung Song'

Br J Ophthalmol 2020;0:1-9. doi:10.1136/bjophthalmol-2020-316225

Syringe Vitreous cavity
Arched
i Micro-injector
Trocar cannula Subretinal ’ndo:zeﬂrr:lne
Conjunctiva disorder  ° l
Arched
"~ Micro-injector

Subretinal
disorder

Long-term safety and tolerability of subretinal transplantation

SYSTEMS

: Following reports from the clinical trials in Bundang CHAMC

Participants:
- total of 3 (age range: 40-45)

1P:
- hES-RPE suspension 5x10% cells

Route:
- subretinal transplantation after vitrectomy

Follow up:
- 36 months

Outcome:
- Primary : safety & tolerability:
Physical, laboratory examinations

- Ophthalmic examinations:
NEI VFQ-25, visual acuity, visual field, fundus
photography, fluorescein angiography, optical
coherence tomography, autofluorescence

PloS one 9.8 (2014): e104145.
Retina 39 (2019): S174-5176.
https.//retinaspecialists.com.au/vitrectomy-surqgery/
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Long-term safety and tolerability of subretinal transplantation
of hES-RPE in Asian SMD patients

Outcome:

- No severe systemic AEs

- No severe AEs related to immunosuppression
o - No severe ophthalmic AEs related to hES-RPE

//\\ - No abnormal proliferation and rejection
\-—u

Functional:
- BCVA : +9 (FE +7), +17 (FE +2), +5 (FE +5)
- NEI VFQ-25 : consistent with BCVA in Pt.2.

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 720 750 780 810 840 870 900 930 960 990 102010501080 Visual Field
==4= Mean of BCVA(ETDRS letters) on the treated eyeTreatedeye === Mean of BCVA(ETDRS letters) on the untreated eyeTreated eye
Mean difference between treated eye and untreated eye - E | ect ro retl n og ra I I I
80.00
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S
60.00 e = -4
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3000 % > Y = <
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Overall score

A
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10.00 “ / t i prer] =
\ il
(S . o kebH H
R T e ” 2 HiEHH
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0 182 366 547 731 912
Days after hES-RPE transplantation

——The 1st patient ~ —i—The 2nd patient The 3rd patient
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of hES-RPE in Asian SMD patients
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Anatomical:
- Subretinal pigmentation (1 eye)
- Epiretinal membrane with preretinal pigmentatio

(1 eye)

Significant adverse events:
- Rhegmatogenous retinal detachment (1 eye)

- Epiretinal membrane with pigmentation (1 eye)
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Clinical and Genetic Characteristics Analysis of
Korean Patients with Stargardt Disease Using
Targeted Exome Sequencing

Youngje Sung® Seung Woo Choi¢ Sung Han Shim® Won Kyung Song?

SOl A X AEIZE QF-BHY B4 017
ABCA4 mutations were confirmed in 17 of 24 patients, and
12 novel mutations were identified
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Fig. 4. Distribution and frequency of ABCA4 gene mutations.

Table 2. List of mutations identified from exome sequencing of the ABCA4 gene

Genetic Research of Korean Patients with Stargardt Disease

Patient Gene Exon  ¢DNA sequence Amino acid Domain Note Mutation ~ PolyPhen2 MutationTaster
No. change change type prediction  prediction
P01 ABCA4 8 c983A>T p.Glu328Val  extracellular loop reported - - -
ABCA4 13 ¢.1933G>A p-Asp645Asn  extracellular loop reported - - -
ABCA4 21 €3106G>A p.Glul036Lys  ATP-binding domain reported - - -
P002  ABCA4 19 ¢.2894A5G p.Asn965Ser  extracellular loop reported - - -
ABCA4 35 c4972A>C p-Serl658Arg - novel missense  possibly  DC
damaging
P003  ABCA4 20 ¢3035_3037delACA  p.Asnl012del  ATP-binding domain novel deletion - DC
ABCA4 13 c.1804C>T p-Arg602Trp  extracellular loop reported - - -
P004  ABCA4 19 ¢.2974A>C p.Thr972Pro ATP-binding domain novel missense  probably DC
ABCA1 43 €5929G>A p.Gly1977Ser
P01 ABCA4 10 c1268A>G pHisd23Arg  extracellular loop reported - - -
ABCA4 40 €5656G>A pGly1886Arg  transmembrane domain  reported - - -
ABCA4 45 ¢.6146_6146delA p.Lys2049Arg  ATP-binding domain novel deletion  benign DC
PO12  ABCA4 10 c.1268A>G p-His423Arg  extracellular loop reported - - -
ABCA1 10 ¢.1309C>A pGlnd37Lys  extracellular loop novel missense  benign DC
PO13  ABCA4 6 c.635G>A p-Arg212His  extracellular loop reported - - -
ABCA4 12 ¢1699G>A p.Val567Met  extracellular loop reported - - -
P015  ABCA4 6 c.635G>A p-Arg212His  extracellular loop reported - - -
ABCA4 49 c.6764G>T p-Ser22551le - reported - - -
P016  ABCA4 5 €560G>A p-Argl87His  extracellular loop novel missense  benign bDC
ABCA1 6 c.635G>A pArg212His  extracellular loop reported - - -
ABCA4 10 ¢.1268A5G p-Hisd23Arg  extracellular loop reported - - -
P017  ABCA4 8 c.880C>T p.GIn294* extracellular loop novel stop-gain - DC
ABCA4 10 ¢1294G>A pGlud32lys  extracellular loop reported - - -
ABCA4 33 c4685T>A plle1562The  extracellular loop reported - - -
P01§  ABCA4 10 ¢.1268A5G p-Hisd23Arg  extracellular loop reported - - -
ABCA4 20 ¢3035_3037delACA  p.Asnl012lle  ATP-binding domain novel deletion - DC
ABCA1 47 c.6389T>A p-Met2130Lys - novel missense  probably DC
damaging
P20 ABCA4 8 c.880C>T p.GIn294% extracellular loop novel stop-gain - DC
ABCA4 23 €33981>C pllel133Thr  extracellular loop novel missense  benign DC
P21 ABCA4 14 ¢.1958G>A p.Arg653His  transmembrane domain  reported - - -
ABCA4 40 €.5656G>A pGly1886Arg  transmembrane domain  reported - - -
P22 ABCA4 13 ¢1933G>A p.Asp645Asn  extracellular loop reported - - -
ABCA4 44 ¢.6146-6146delA p.Lys2049Arg  ATP-binding domain novel deletion  benign DC
P23 ABCA4 20 ¢.3035_3037delACA  p.Asn1012lle  ATP-binding domain novel deletion - DC
ABCAY 24 ¢3547G>T pGly1183Cys - reported - - -
ABCA4 46 c.6289C>T p.Pro2097Ser  ATP-binding domain novel missense  probably DC
damaging
P024  ABCA4 10 ¢.1268A>G pHisd23Arg  extracellular loop reported - - -
ABCA4 33 cA7481>C p-Leul583Pro  extracellular loop reported - - -
P26 ABCA4 16 ¢2384G>A p-Ser795Asn transmembrane domain  novel missense  possibly  DC
damaging
ABCA4  23(3) cM470T>G p.Leul157% - novel stop-gain - DC

DC, disease causing.

Ophthalmologica 241.7 (2019): 38-48.
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Semiautomated Subretinal Fluid Injection Method Using Viscous Fluid
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Recent updates

« Establishment of the IRD database with EAIRDs (East Asia Inherited
Retinal Disease Society)

« Expansion to the gene therapy for IRD

- Developing a novel outcome variable (reading speed chart in Korean)
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