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1. Retinal pigment epithelium is impaired in 
age-related macular degeneration

LinkedIn

2. hESC-RPE differentation time course 3. Global scRNAseq characterization of 
the hESC-RPE differentiation time course

8. Transplanted cells urdergo further maturation in vivo

5. 2D monolayer differentiation is faster and more directed 
than 3D embryoid body hESC-RPE differentiation

6. NCAM1 is a surface marker for retinal progenitors

(A) The monolayer of retinal pigment 
epithelium (RPE) keeps the homeosta-
sis of the retina. In age-related macular 
degeneration, the RPE layer is compro-
mised, leading to the dead of photore-
ceptors, therefore loss of visual function. 
(B) Visual field of a healthy individual 
versus the AMD impaired vision.

A B1. Identification of transient cellular states during hESC-RPE differenti-
ation using scRNAseq analysis in three hESC cell lines.

2. NCAM1 can be used to isolate multipotent retinal progenitor cells.

3. hESC-RPE mature further after transplantation into a large-eyed an-
imal model.

(A) Representation of hESC-RPE differentiation protocol from hESC to day 60 (D60) as [1]. Seven bold timepoints were collected to pro-
duce libraries for scRNAseq in 3 cell lines: HS980, KARO1 and E1C3. hESC are expanded in NutriStem in laminin 521-coated plates. From 
D0, media does not contain bFGF and TGFβ to start the differentaiton, but plates are still coated with laminin 521. To push the neuroecto-
derm fate, Activin A is added from D6 to D30. On D30, cells are dissociated and replated and cultured for the next 30 days until the latest 
maturation state at D60. (B) Brightfield images of HS980 on D60 of the differentation protocol. Scale bar: 100µm, inset 20µm.

7. RPE selection and maturation takes places in 
the late hESC-RPE differentation stages
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(A) Principal component representation of 26.615 single cells across three cell lines using 2.000 
cv-mean enriched genes. (B) Contribution of each cell line. (C) Distribution of cells with pluripo-
tent, progenitor and RPE signature.
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(A) UMAP representation of scRNAseq at D7 
(3.017 cells), D14 (2.525 cells) and D30 (3.846 
cells) of hESC-RPE differentiation of HS980, 
KARO1 and E1C3.  (B) Illustrative schematic of 
the patterned anterior neural plate at neurula-
tion stage. (C)  Heatmap showing signature sco-
re analysis of in vitro cell clusters at D7, D14, 
and D30 illustrating correspondence with in vivo 
cell types. (D) Bar graph showing cell type per-
centage composition in each cell line averaged 
across D7 and D14.
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(A) UMAP representation 
of 1.288 single cells of D28 
embryoid bodies (EB) [2]. 
(B) Projection of D30 mo-
nolayer cells from the 3 
cell types onto the UMAP 
representation of EB. (C) 
Bar plots comparing reti-
nal progenitors and RPE 
composition of 2D and 3D 
differentations.
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(A) Representative FACS plot of D30 cells. (B) Brighfield and immunofluorescence stainings of D30 showing co-expression of VSX2, 
NCAM1 and Ki67 with non-pigmented areas. (C) Post-sort pellet showing the appearence of both populations: NCAM1-high being brighter 
than CD140b-high which showed more pigmentation. (D) Left, UMAP representation of 734 sorted NCAM1-high,1.486 CD140b-high and 
1.852 unsorted cells at D30. Right, dot graph of proportion of cells corresponding to each cell type for sorted and unsorted populations. (E) 
Left, UMAP representation of 1.106 sorted NCAM1-high, 987 CD140b-high and 975 unsorted cells at D60. Right, dot graph of proportion 
of cells corresponding to each cell type for sorted and unsorted populations. (F-G) PEDF secretion and TEER of sorted and unsorted po-
pulations at D60. (H) Immunofluorescence stainings of unsorted, CD140b-High and NCAM1-High populations 30 days after sorting (D60) 
showing co-expression of CD140b, BEST1 and ZO-1 markers. Scale bars: 100μm.
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(A) UMAP representation of D38 (5.306 cells), D45 (5.138 cells) and D60 (5.777 cells) of HS980, KARO1 and 
E1C3. Heatmap showing relative gene expression from the cell types of D60 hESC-RPE. (B) RNA velocity 
and pseudotime analysis of HS980 RPEs at D60. (C) Ordinal classification of 20,682 single hESC-derived 
retinal progenitor and RPE cells at six differentiation time points along embryonic and adult RPE stages. (D) 
Distribution of ordinal classifications of seven hESC-RPE differentiation D60 biological replicates. (E) Graph 
showing the distribution of ordinal classifications of various differentiated RPE culture protocols, including the 
2D monolayer protocol from this study (20.682 cells), 3D EBs at D60 (Petrus-Reurer et al, 2020; 294 cells), 
2D D95 H9 (Lidgerwood et al., 2021; 9.456 cells) and 2D D432 H9 (Lidgerwood et al., 2021; 3.216 cells). 
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(A) Brightfield and immunofluorescent staining for NuMA and BEST1 30 days after hESC-RPE 
subretinal injection into albino rabbit eyes. Scale bars: 50μm. (B) Infrared and SD-OCT images 
of injected hESC-RPE D60 cells into the subretinal space of albino rabbits. Scale bars: 1mm. 
(C) Bar plot of 227 hESC-RPE grafted cell BEST1 and pigmentation statuses after 30 days into 
the albino rabbit subretinal space. (D) Distribution of ordinal classifications of hESC-derived 
progenitor and RPE maturity in vitro and post-transplantation (In vivo). 
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