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Development of purification method of photoreceptors differentiated from ES/iPS
cells focusing on mitochondria
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We developed a new differentiation protocol for retinal cells from mouse
embryonic stem cells based on the previously reported methods of human pluripotent stem cells. After
embryoid body formation, we plated embryoid bodies on the Matrigel-coated dishes and covered them
using Matrigel-containing retinal differentiation medium. This protocol is relatively simple and

easy. Although our first aim of this project was to purify the photoreceptors which have high
mitochondrial content differentiated from ES/iPS cells as in the case of previous reports of the
purification of the cardiomyocytes, we could not achieve the purification of mitochondria-rich
photoreceptors.



iPS/ES

iPS
iPS/ES
(Hattori et al., 2010)
(Tohyama et al., 2013)
(iPS/ES )
BRC ES EB5  Rx-GFP LIF
iPS Nrl-GFP
ES Rx-GFP 21+LIF

ES

Rax GFP ES
(Rx-GFP) ES/iPS (Boucherie et al., 2013;
Sluch et al., 2015) ES

96 1 3000
3

(Assawachananont et al., 2014)
AGN193109
3 FACS

FACS

2016

BRC
ES
(Eiraku et al., 2011)
C0,

ES/iPS

(Ito et al., 2017; Ueda et al., 2018)

ES Rx-GFP,EB5)
Rx-GFP
CO,
GFP

(Boucherie et al., 2013; Sluch et al., 2015)



ES

ES 3000
AGN193109

(D30)
(Rx, Pax6, Chx10)
PCR

DMSO

GFP

6

Rx-GFP

Rx-GFP  GFP
EB5
(Nanog)

(Crx, Recoverin, Nrl)

AGN193109

2017
ES

BRC ES
ES

Pax6

Rx-GFP EB5

Rx-GFP

2017

Rx

Crx

ES D10 D15 D20 D26 D30

paxc |
chx10

caro [

2

MTA

2016

Rx-GFP

(Ito et al_, 2017; Ueda et al., 2018)

iPS

(Nr1-GFP



GFP Pax6 Merge

3 7 GFP Pax6
2018
iPS Nr1-GFP
Nrl-GFP GFP
(data not shown)
Rx-GFP LIF Nrl-GFP LIF 2
2i+LIF 2i+LIF
Rx-GFP
GFP (data not shown) 2i

1 CHIR99021 Wnt
PD325901 DNA

LIF 2i+LIF
2i+LIF Nrl-GFP
Nrl-GFP 3 Nrl-GFP 3
39 43
TMRM FACS GFP TMRM
Nrl-GFP

Nrl-GFP (D43 + D39)

TMRM&RE TMRM#&
470.010% 0.114%)] , 437.58% 82.1%

10
3
10 5

2
10 4

TMRM

GFP

iPS Nr1-GFP 3 FACS

2019
ES EB5
CRISPR/Cas9
CRISPR/Cas9

ES



Assawachananont, J., Mandai, M., Okamoto, S., Yamada, C., Eiraku, M., Yonemura, S.,
Sasai, Y., and Takahashi, M. (2014). Transplantation of embryonic and induced
pluripotent stem cell-derived 3D retinal sheets into retinal degenerative mice. Stem
Cell Reports 2, 662-674.

Boucherie, C., Mukherjee, S., Henckaerts, E., Thrasher, A.J., and Sowden, J.C.
(2013). Brief report: Self-organizing neuroepithelium from human pluripotent stem
cells facilitates derivation of photoreceptors. Stem Cells 31, 408-414.

Eiraku, M., Takata, N., Ishibashi, H., Kawada, M., Sakakura, E., Okuda, S.,
Sekiguchi, K., Adachi, T., and Sasai, Y. (2011). Self-organizing optic-cup
morphogenesis in three-dimensional culture. Nature 472, 51-58.

Hattori, F., Chen, H., Yamashita, H., Tohyama, S., Satoh, Y.S., Yuasa, S., Li, W._,
Yamakawa, H., Tanaka, T., Onitsuka, T., et al. (2010). Nongenetic method for
purifying stem cell-derived cardiomyocytes. Nat. Methods 7, 61-66.

Ito, S. ichiro, Onishi, A., and Takahashi, M. (2017). Chemically-induced
photoreceptor degeneration and protection in mouse i1PSC-derived three-dimensional
retinal organoids. Stem Cell Res. 24, 94-101.

Sluch, V.M., Davis, C.H.0., Ranganathan, V., Kerr, J.M., Krick, K., Martin, R.,
Berlinicke, C.A., Marsh-Armstrong, N., Diamond, J.S., Mao, H.Q., et al. (2015).
Differentiation of human ESCs to retinal ganglion cells using a CRISPR engineered
reporter cell line. Sci. Rep. 5, 1-17.

Tohyama, S., Hattori, F., Sano, M., Hishiki, T., Nagahata, Y., Matsuura, T.,
Hashimoto, H., Suzuki, T., Yamashita, H., Satoh, Y., et al. (2013). Distinct
metabolic flow enables large-scale purification of mouse and human pluripotent stem
cell-derived cardiomyocytes. Cell Stem Cell 12, 127-137.

Ueda, K., Onishi, A., Ito, S. ichiro, Nakamura, M., and Takahashi, M. (2018).
Generation of three-dimensional retinal organoids expressing rhodopsin and S- and M-
cone opsins from mouse stem cells. Biochem. Biophys. Res. Commun. 495, 2595-2601.



(Homma Miwako)

(40192538)

(21601)




