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I ~ Generation of human cornea and conjunctiva organoids from SEAM

Corneal differentiation induction method

human corneal organoid
qst
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5 e e aton Corneal epithelial progenitor cell :-Ts Ce||'deere(I3| ithelialial :-Ts Ce"'de”Ve(IJ ithalami
colony (ocular surface progenitor cell’ P prog uman‘cornea epithelialia uman corneal epithalamium
progenitor cells (Nature 2016,
DM (-) CDM + m CEM + KGF Nat Protocol 2017)
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Conjunctival differentiation induction method

human conjunctiva organoid
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DM () CDM + CEM + KGF epithelialial progenitor cells (Cell Rep 2021)
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- Generation of human lacrimal gland organoid from SEAM -

Ow hiPS cells Tw SEAM corneal induction (KGF*)

1st -

Gland-like structure N

present in part of Zone-3 Existence of lacrimal gland

protoplasts

Isolation of lacrimal gland progenitor cells
by FACS
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Human lacrimal gland organoid (Nature 2022)
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Transplant in first case
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Limbal Stem Cell Deficiency LSCD
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nature

Induced pluripotent stem-cell-derived corneal epithelium
for transplant surgery: a single-arm, open-label, first-in-
human interventional study in Japan

Takeshi Soma", Yoshinos Cie”, Hiroshi Takayanagi®, S Tomormi i Yu Yushinoga..
- ZaixingMaa S ————

Summary

Bxcharowd The l epiihelial s frum the lsnbuus at the edge of th

for vision, with the pathological manifestations of a limbal stem-cell deficiency (LSCD) d.mmh  wear. Here, o the
best of our knowledge, we report the work!s first use of comeal epithelial cell sheets derived from human induced
phuripotent stem cells (iPSCs) to treat LSCD.

Methods This non-randomised, single-arm, clinical study involved four eyes of four patients with LSCD at the
Department of Ophihalmology, Osaka University Hospital. They comprised a woman aged 44 years with idiopathic
LSCD {patient 1}, 3 man aged 66 years with ocular mmucons membrane pemphigoid (patient 2), 3 man aged 72 years
with idiopathic LSCD (patient 3), and  woman aged 39 years with toxic epidermal necrusis (patient 4). Allogeneic

buman iPSC-derived comeal e sheers (iCEPSs) were nansplamd anto affected eyes. This was done

sequentially in two sets of HLA-mismatched S\ngms w1|h patiennts 1 and 2  receiving hwdmtz yclosporin and £

patients 3 and 4 not. The p
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continuously throughout the 52 wesk followup period, ma a.mg an additional Lyear saﬁry i period. it
Secondary outcomes, refl This study i
o ot
& complie. {estanyams Liborstryd
S dapied
Findings Patients were enrolled between June 17, 2019 and Nov 16, 2020. We had o Ll the 52week

follow-up period {comsinting of 15 mild and one moderate event in reated eyes and soven mild nom-ocriar evens],

GrasusteScheel of Wi,
Gk Universty Suita, Dok

11 ear
o £l i el g 1 Wt B ekl el A0 S el e o s
efficacy showed that the disexse siage had improved, corrected distance visual acuity was enhanced, and comeal
opacification had diminished in all treated eyes. Cornesl epithelial defects, subjective symptoms, quality.oFlife
questionnaire scores and corneal neovascularisation mostly improved or were unchanged. Overall, the beneficial
efficacy outcomes achieved for patients 1 nd 2 were better than those achieved for patients 3 and 4.

Innoestion sata Uraersty
Hospial suia, Dsska, jagan
(riamas b, Pty for £

Sraredeaplnary Rescarch

interpretation iCEPS wansplantation for LSCD was found to be safe throughout the study period. A larger clinical =" ettt
procedure.

o further investigate the efficacy of the

Funding The Japan Agency for Medical Research and Development, the Ministry of Education, Culture, Sports,
Science, and Technology—Japan, and the UK Biotechnology and Biological Sciences Research Council.

Copyright & 2024 The Author{s). Published by Elsevier Lid. This is an Open Access article under the CC BY 4.0
license.

Introduction

The come of the eye is overlsid by s strasified epithelium
that is essential for vision. At the limbus—an anatomical
zome situated at the edge of the comes where it adjoins
the sclera (the white of the eye}—the comeal epithelium
contains & r ir of stem cells, which are located
basally) These cells proliferate to provide a contimuous
supply of cpitholial cells to the contral comes.
maintaining its healthy smte, Comeal limbal epithelial
stem cells are highly proliferative. opress pé3
tmanscription factor, and exhibit halodone forming
capabilities® In their absence. or when insufficient
rumbers are presem, patients suffer from a condition

nlEsthees, GmaaUnbvenity.
sutia ceaka, japan
[T —

known as a limbal stemcell deficiency (LSCD)' A sy

unilateral LSCD is ofien associated with acquired non-
immmine-mediated aetiologies such as trauma to the eye
caused by thermal or chemical burns. Bilateral LSCDs
an be cansed by scquired primary imrmncmedisied

(ProtA JQuintock i,
Promium pesearch Instinse for
Fumanbstaverse Medicioe,

s L

actiologies for example., hnson syndrome or
ocular mucous membrane pernphigoid) or idiopathic or
hereditary disease such as congenital aniridia.’ Whatever
its origin, an LSCD wpically leads 1o the enveloping of
the comeal susface by fibrotic conjunctival tissue and &
consequent loss of vision.

The mansgenent of s 1SCD pecessiaies the
surgical
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NEWS | 08 November 2024

World-first stem-cell treatment
restores vision in people

The treatment, given to four people with damaged corneas, seems safe but needs

to be tested in larger trials.

By Smriti Mallapaty.

The transparent cornea is the outermost layer of the eye. Credit: Patrick Landmann/SPL
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. ™ Tissue stem cell systems - Two stem cell populations
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Cell Stem Cell 2018.

Yu et al.
Cell Research 2016.

BRIC B R EHY—h—OREIZR )
Cell preparatlion
gam & FACsortings 4. opys:

ki IE P B HEOH ﬁﬁggﬂm R CD157* cells CD201*cells  CD157*CD201*
CD31+MBHI | | cD31+pygedife | | CD31+MEMR | ] wy
R 30 L 15
4 1.76 #1 5.00 4 27.0
- 0.11 1.53 12.4 7] 2] 10
o : ‘
AN s | 10— 10— 5
D 0
©] i Fii o o 0
! J 10975 * 223 ?\a‘\‘@xo‘\ o @@’bxo\; & @i}o\* o
— i @ o L
% ERERARMRI—d5L TCD157+°CD201* M & P KR & HERa(VESC)
MNEEITHE
18




32 1 2026 2 2

CD157*CD201* N R E¢#iifa (VESC) (R R EREMICFELON—— R EEZHE TS

HAER SEBYVAR FER SEARTIR
[EDH AR
)| mﬁiﬁémnﬂﬁﬂ&;ll preparation . CD31* CD45
) & FAC sorting N\ IMER R
Lz Cell preparation +_> :
& FAC sorting N [P CD31*CD45- l
— 3
CD31*CD45-
CD31* CD45" &M B4l CD157" or CD1ST
‘ ‘ k=g )il
OP9Tr—45 —ififa E~ OP9Z4—4 —#fifa L~
5,000 cells #&FE# 10 B & R4 5,000 cells fE#E# 10 B & &4
MEMEMI(CD31 )an=—7 vt | CD31" CD157"- CD201"Hifian=—7 vt |
CD31 phalloidin DAPI _l_l_*l*_l
. CD31 phalloidin DAPI

IR

CD157-CD201- CD157*CD201- _CD157-CD201* CD157

CD31+ area / field

&
g
=
i
®E

HIE  RARERAAMR

T HERIPARMI“FF7ES HCD157+ CD201* M % PR BZ #Ra %
HIREERRI BRI RE N BREOHSRERTSS

W27 [E%8 ] [ CcD201-tomatozy 2 88 |

‘ EERIET, CD31 * CD201+$HMAIZ S AR B I (=7 7EL . MBS~ M2 A K HERa %
RAIBRTBCENTREN 051201l DARI

EEEO BIRSER: A — s
2 dpi b4 s =l AR
HH RS I 5 P9 B S A '

CD201::Cre x R26::CAG-tdTomato<¥ ™ R

W CD31+CD201*
N A (VSEC)

| 1R HR DA
vy |“FE

BREFXFI T
\4 \ A CD31+*CD201*
8 BATYR  2H 78 148 dpi .~ (VSEC)H3&#iRa
CD201* &M & HRI(VESC)I=& 5 S EEEE]
SHME)ET) T ERE S

CD31+CD201*
N (VSEC)H ¥#iAa
AEEDIcH IR

10



32 1 2026 2 2

MEFMEASRTL

ERE | gy i o A B S04ERE (VESC) (X8 AR AR SR 7E L
FLo TR &~ 5 4 i BN R MR ED <Y LR LTV BT AR SN T
SEEEICHYEFYLTEATOS (BEHYETFYLY . BRI T4
3
MEESEHE~OBRHE AT LOESZHELNTE-O. U TOETFILZER

Oxygen induced retinopathy (BRZFEMBIEEET /L) : OIR model
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Villacampa et al. PLOS ONE 2017.
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