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Editorial on the Research Topic
Methods and advances in induced pluripotent stem cells—ophthalmology

Frontiers in Cell and Developmental Biology presents an exciting series of articles
encompassing significant developments in the application of Pluripotent Stem Cells (PSCs)
to the treatment of ophthalmological diseases. Diseases affecting the retina and its associated
innervation present significant societal challenges since treatments are frequently limited to
symptom management and slowing the progression of the disease rather than affecting a
complete cure. Conditions such as Age-Related Macular Degeneration (AMD) characterised
by declining functions of both the retinal pigment epithelium and neural retina, and
Glaucoma which involves dysfunction of retinal ganglion cells and the optic nerve,
currently affect approximately 280 million individuals worldwide. Without the means to
repair the damage to retinal structures, the impact of these diseases will worsen as the
numbers of older individuals in the global population increases; thus the costs of disease
management are likely to rise significantly. In view of these sobering observations, the
number research efforts aimed at increasing our understanding of retinal degeneration and
developing methods to ameliorate the decline are encouraging.

AMD is recognised in the early and intermediate stages by the appearance of sub-retinal
deposits of lipids and proteinaceous material called “drusen.” Initially, these deposits have
limited effect on visual acuity but approximately 15% of affected individuals progress to
develop either “wet” or ‘dry AMD (Chichagova et al., 2018). The former is characterised by
aberrant choroidal blood vessel growth through the RPE affecting the function of the
overlying neurosensory retina by vascular leak, haemorrhage and fibrosis with subsequent
outer retinal degeneration (Hobbs and Pierce, 2022), whilst dry AMD is notable for the
degeneration of retinal pigment epithelial (RPE) cells and the adjacent photoreceptors. This
condition can progress to geographic atrophy and/or wet AMD but there are few options for
treating these forms of AMD since the affected regions of RPE or photoreceptors are often
destroyed. Replacing the damaged cells by transplanting their healthy counterparts is an
attractive prospect although the likelihood of success will depend on the degree of retinal
damage that has occurred before the patient presents for treatment. For example, if the
neural retina has suffered significant degradation leading to photoreceptor loss, replacement
of these cells would be required; however if the connectivity of the neural retina is intact,
replacement of the RPE alone may be sufficient. In this respect the paper by Rohowetz and
Koulen in this Research Topic is exciting since it provides a highly informative review of the
current state of the art in RPE transplantation. A key point arising from this publication is
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that the safety of RPE transplant seems to be promising and that
adverse events arising during the procedure are more likely related
to surgery induced damage or to the need for immunosuppression
which indicates the need for more precise HLA matching; however,
an alternative strategy to eliminate the need for immunosuppression
might be to generate RPE cells from “hypoimmunogenic” iPSC lines
in which the assembly of the MHC-I major histocompatibility
complex at the cell surface is inhibited by homozygous knockout
of the gene encoding β-2-microglobulin (Deuse et al., 2019; Zhao
et al., 2020; Chen et al., 2023).

Glaucoma is the second leading cause of blindness worldwide
(The International Bank for Reconstruction and Development/
the World Bank, 1993) and the definition of this is a group of
ocular diseases that cause progressive changes in the optic nerve
head leading to visual field loss (American Academy of
Ophthalmology, 1996). Despite considerable historical focus
on intra-ocular pressure as a contributing factor to the
development of the disease, Glaucoma is primarily a
neurodegenerative disease arising from progressive retinal
ganglion cell (RGC) loss. RGCs are the main output neurons
that rely on signals generated by the photoreceptors to the brain
and there are no current therapies that can replace their loss so
many current research efforts are aimed at enhancing RGC
survival. Once again, transplant of healthy RGCs into the
retinas of glaucoma patients to recover neural signalling is an
attractive concept especially since early efforts to transplant
RGCs into murine glaucoma models have shown encouraging
results; however human trials are still several years away (Oswald
et al., 2021). As one of the earliest types of cells to arise during
embryogenesis, RGCs are the focus of many research efforts
(Ohlemacher et al., 2015; Chavali et al., 2020) so it is
encouraging to see the advances made by Subramani et al. as
published as part of this Research Topic. This group addressed
the problems of variability in the generation of RGCs by using a
monolayer based protocol for differentiation of pluripotent stem
cells which in its early stages, resembles techniques needed for
generation of many neural cell types but is later modified to drive
the cells into a retinal progenitor phenotype. Expansion and
banking of such retinal progenitor cells is the key to delivering
large numbers of RGCs since the group’s protocol subsequently
transforms the progenitors into RGCs by stepwise administration
of growth factors. Moreover, RGCS produced in this manner
integrate into the retina of host mice and were able to initiate
axon growth.

The remaining two papers in this series add to our
understanding of pluripotent stem cell derived retinal
organoid development. This is an important enquiry since
many of the cell types generated in 3D retinal organoids show
more advanced maturity than those generated by 2D

differentiation protocols (with the exception of Subramani
et al. approach to making RGCs or course). Of particular
value is the light responsiveness of organoid photoreceptors
(Zhong et al., 2014; Hallam et al., 2018) which underlines the
utility of retinal organoids as models of retinal disease. Existing
retinal disease models are inadequate for studying the
developmental origins of retinal diseases during embryonic
development so the derivation of retinal organoids from
mutation carrying or patient specific induced pluripotent stem
cells allows us to recapitulate in vivo retinogenesis and restate
disease phenotypes seen in patients (Watson and Lako, 2023).
Naturally, the suitability of retinal organoids to these tasks is
developing constantly so the contribution made by Völkner et al.
to this series is valuable because it further optimises the process of
retinal organoid generation which will be of considerable use to
other groups in this field. The last publication in this series
published by Wahlin et al. explores early retinal development by
introducing markers of eye field development that may be used to
distinguish those cells that have committed to a retinal
development fate from those that may be forming cells that
contribute to other regions of the CNS.

Overall, we have enjoyed reading these incisive articles and we
hope that the reader will draw the same level of inspiration and
enjoyment from this special series highlighting the great
contributions of pluripotent stem cells to the understanding and
potential treatment of eye diseases.

Author contributions

ML: Writing–original draft, Writing–review and editing. LA:
Writing–original draft, Writing–review and editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

American Academy of Ophthalmology (1996). Preferred practice pattern of
primary open angle glaucoma. San Francisco: American Academy of
Ophthalmology.

Chavali, V. R. M., Haider, N., Rathi, S., Vrathasha, V., Alapati, T., He, J., et al. (2020).
Dual SMAD inhibition and Wnt inhibition enable efficient and reproducible
differentiations of induced pluripotent stem cells into retinal ganglion cells. Sci. Rep.
10, 11828. doi:10.1038/s41598-020-68811-8

Chen, Y., Zhou, Y., Zhou, Z., Fang, Y., and Zhang, X. (2023). Hypoimmunogenic
human pluripotent stem cells are valid cell sources for cell therapeutics with normal self-
renewal and multilineage differentiation capacity. Stem Cell. Res. Ther. 14, 11. doi:10.
1186/s13287-022-03233-z

Chichagova, V., Hallam, D., Collin, J., Zerti, D., Dorgau, B., Felemban, M., et al.
(2018). Cellular regeneration strategies for macular degeneration: past, present and
future. Eye (Lond). 32 (5), 946–971. doi:10.1038/s41433-018-0061-z

Frontiers in Cell and Developmental Biology frontiersin.org02

Armstrong and Lako 10.3389/fcell.2023.1298956

https://www.frontiersin.org/articles/10.3389/fcell.2023.1214104/full
https://www.frontiersin.org/articles/10.3389/fcell.2023.1214104/full
https://www.frontiersin.org/articles/10.3389/fcell.2023.1214104/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.645704/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.764725/full
https://doi.org/10.1038/s41598-020-68811-8
https://doi.org/10.1186/s13287-022-03233-z
https://doi.org/10.1186/s13287-022-03233-z
https://doi.org/10.1038/s41433-018-0061-z
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2023.1298956


Deuse, T., Hu, X., Gravina, A., Wang, D., and Tediashvili, G. (2019). Hypoimmunogenic
derivatives of inducedpluripotent stemcells evade immune rejection in fully immunocompetent
allogeneic recipients. Nat. Biotechnol. 37, 252–258. doi:10.1038/s41587-019-0016-3

Hallam, D., Hilgen, G., Dorgau, B., Zhu, L., Yu, M., Bojic, S., et al. (2018). Human-
induced pluripotent stem cells generate light responsive retinal organoids with variable
and nutrient-dependent efficiency. Stem Cells 36, 1535–1551. doi:10.1002/stem.2883

Hobbs, S. D., and Pierce, K. (2022). “Wet age-related macular degeneration (wet
AMD),” in StatPearls (Treasure Island (FL): StatPearls Publishing).

Ohlemacher, S. K., Iglesias, C. L., Sridhar, A., Gamm, D. M., and Meyer, J. S. (2015).
Generation of highly enriched populations of optic vesicle-like retinal cells from human
pluripotent stem cells. Curr. Protoc. Stem Cell. Biol. 32, 1–1H. doi:10.1002/
9780470151808.sc01h08s32

Oswald, J., Kegeles, E., Minelli, T., Volchkov, P., and Baranov, P. (2021).
Transplantation of miPSC/mESC-derived retinal ganglion cells into healthy and

glaucomatous retinas. Mol. Ther. Methods Clin. Dev. 21, 180–198. doi:10.1016/j.
omtm.2021.03.004

The International Bank for Reconstruction and Development/the World Bank
(1993). World development report 1993. Oxford: Oxford University Press.

Watson, A., and Lako, M. (2023). Retinal organoids provide unique insights into
molecular signatures of inherited retinal disease throughout retinogenesis. J. Anat. 243
(2), 186–203. doi:10.1111/joa.13768

Zhao,W., Lei, A., Tian, L., Wang, X., Correia, C., Weiskittel, T., et al. (2020). Strategies
for genetically engineering hypoimmunogenic universal pluripotent stem cells. iScience
23 (6), 101162. doi:10.1016/j.isci.2020.101162

Zhong, X., Gutierrez, C., Tian, X., Hampton, M., Li-Hui Cao, W., Valeria Canto-
Soler, M., et al. (2014). Generation of three-dimensional retinal tissue with
functional photoreceptors from human iPSCs. Nat. Commun. 5, 4047. doi:10.
1038/ncomms5047

Frontiers in Cell and Developmental Biology frontiersin.org03

Armstrong and Lako 10.3389/fcell.2023.1298956

https://doi.org/10.1038/s41587-019-0016-3
https://doi.org/10.1002/stem.2883
https://doi.org/10.1002/9780470151808.sc01h08s32
https://doi.org/10.1002/9780470151808.sc01h08s32
https://doi.org/10.1016/j.omtm.2021.03.004
https://doi.org/10.1016/j.omtm.2021.03.004
https://doi.org/10.1111/joa.13768
https://doi.org/10.1016/j.isci.2020.101162
https://doi.org/10.1038/ncomms5047
https://doi.org/10.1038/ncomms5047
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2023.1298956

	Editorial: Methods and advances in induced pluripotent stem cells—ophthalmology
	Author contributions
	Conflict of interest
	Publisher’s note
	References


