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iPS

Hayashi R, Nishida K et al. 
Nature 2016 

ECM: Laminin511 
-E8 fragment

SEAM self-formed ectodermal autonomous multi-zone

SEAM

iPS / iPS Osaka University iPS cells/ Tohoku University iPS cells 

3

SEAM
SEAM (self-formed ectodermal autonomous multi-zone )

4
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SEAM (self-formed ectodermal autonomous m

1st 2nd 3rd 4th

Hayashi ,, Tsujikawa, et. al.

SEAM

SEAM
5

1st

2nd

3rd

4th
3rd

iPSC
colony

SEAM formation
(ocular surface progenitor cell)

4w0w-10d 8w 10-12w

DM (-) CDM + EBF CEM + KGFStemFit medium

3rd

Conjinctival epithelial progenitor cell

SEAM
Generation of human cornea and conjunctiva organoids from SEAM

6

human conjunctiva organoid 

human corneal organoid Corneal differentiation induction method

Conjunctival differentiation induction method

1st

2nd

3rd

4th
3rd

iPSC
colony

SEAM formation
(ocular surface progenitor cell)

4w0w-10d 8w 10-12w

DM (-) CDM + KGF CEM + KGFStemFit medium

3rd

Corneal epithelial progenitor cell

KGF

iPS cell-derived
Human corneal epithalamium

iPS cell-derived
human conjunctiva epithelium

iPS cell-derived
human conjunctival 
epithelialial progenitor cells

iPS cell-derived
Human corneal epithelialial
progenitor cells (Nature 2016, 

Nat Protocol 2017)

(Cell Rep 2021)EGF
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SEAM
Generation of human lacrimal gland organoid from SEAM

7

Existence of lacrimal gland 
protoplasts

PAX6+
SOX9+

0w hiPS cells 7w SEAM corneal induction (KGF+)

Isolation of lacrimal gland progenitor cells
by FACS

CD200-PE-Cy7

28.8%

P1

P2 P3

P4

SSEA-4-PE

CD200
cells

42.7%

43.1%

8.9%

5.4%

Isotype IgG

CD200

CD200-/ITGB4+/SSEA4+

3 dimensional 
culture in Matritel

Human lacrimal gland organoid (Nature 2022)

Gland-like structure 
present in part of Zone-3

8

EGF+Y27632
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iPS

( )

-E8

(SEAM, self-formed 
ectodermal autonomous multi-zone)

40d4th

3rd

2nd1st

CRX EGFP 
RPE65

(Nature 2016,
Nat Protocol 2017)

(Cell Rep 2021)
(Nature 2022)(unpublished)

9

iPS
iPS derived corneal epithelial cell sheet
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/26

July 25, 2019
Transplant in first case

Limbal Stem Cell Deficiency LSCD

2019 2022

11

1 52

12

3 HLA + 4 HLA +

1 HLA + 2 HLA +

52

52

52

52

2026 4

0.03 0.3 0.01 0.15

0.15 0.7 0.02 0.04
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The Lancet 2024
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Osaka University

2
Tissue stem cell systems - Two stem cell populations

15

(Linheng Li and Hans Clevers Science 2010) 

TA

Act 4

TA

Quiescent
state

Active
state

Fast remodeling

•

16
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4

Fast

Slow

Slow remodeling
Fast remodeling
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CD31+

CD157

CD31+ CD31+

CD157+CD201+ VESC

CD31+CD45-

Cell preparation
FAC sorting

FACS

CD157 CD201
Yu et al. 
Cell Research 2016.

Wakabayashi and Naito et al. 
Cell Stem Cell 2018.

1.76 5.00 27.0

1.97 5.43 22.3

0.11 1.53 12.4

0

10

20

30

40

CD157+ cells

0

10

20

30

40

CD201+ cells

0

5

10

15

20

CD157+ CD201+

cells
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CD157+CD201+ VESC

CD31 - CD31+ CD157+/- CD201+/-

or

CD31+ CD45-

Cell preparation
FAC sorting

+
Cell preparation

FAC sorting
CD31+ CD45-

CD157+ or CD157-

OP9
10

OP9
10

CD31+ CD45-

CD31+ CD45-

CD157+ CD201+

CD31 phalloidin DAPI

*** CD31 phalloidin DAPI

CD157- CD201- CD157+ CD201- CD157- CD201+ CD157+ CD201+

**

19

CD201::Cre x R26::CAG-tdTomato

8 2 dpi14

CD201+

7

2 dpi

7 dpi

14 dpi

CD31 CD201 DAPI

CD31 + CD201+

CD31 + CD201+

CD31 + CD201+

CD31 + CD201+

CD201-tomato 8
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VESC

Oxygen induced retinopathy : OIR model
P7

P17 P28

Villacampa et al. PLOS ONE 2017. 
P17 OIRP17 control

P28P21P17P12

Room air 75% O2 Room air

P7 P12 P17 P25

21

CD201+

CD201::Cre x R26::
CAG-tdTomato

75%O2

P7 P12 P17 P28 CD31 

CD31 + CD201+VESC

P17 P28

OIR

CD31+CD201+

(P17) (P28)

CD201-tomato OIR

(P13)

CD201

P13

(P17) (P28)(P13)
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• Wakabayashi T, Nishida K. IOVS 2017
• Wakabayashi T, Nishida K. Retina 2017
• Wakabayashi T, Nishida K. IOVS 2018
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