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Editorial on the Research Topic
X-linked retinoschisis: mechanisms and therapies

X-linked retinoschisis (XLRS) is the most common hereditary juvenile macular
degeneration in males, resulting in significant vision impairment. Generally, disease
progression is slow but can lead to consequential visual loss over time. Pathogenic
variants in one gene (RSI) cause XLRS, making it an important clinical target for
developing treatments.

This Research Topic features 7 original articles that address the natural history,
mechanism, and possible treatment of XLRS.

Clinical features and disease progression

There is significant variability in the severity of symptoms, with some patients with
XLRS experiencing relatively mild vision loss while others suffer from more severe forms.
The reasons for variability, even among patients with the same variant, remain unknown,
complicating prognosis especially for young patients. Two studies in this Research Topic
explore these challenges. Both sought to elucidate functional and structural outcomes by
analyzing clinical records of patients with molecularly confirmed XLRS.

Fenner et al. examined 52 patients across 33 families, finding that XLRS commonly
presents around age 11 years, although symptoms started around age 5. Almost all patients
had macular schisis, while inferotemporal peripheral retinoschisis was noted in 40.4%.
When analyzing optic coherence tomography (OCT) images, many patients showed outer
retinal loss by age 20, with outer retinal atrophy (ORA) and decreased visual acuity (VA)
by age 40. Retinal detachment, occurring in 7.7% of this cohort, was linked to poorer
visual outcomes, highlighting the need for effective prevention and management strategies.
RSI null genotypes and central subfield thickness (CST) > 450 microns at presentation
increased the risk of at least moderate visual impairment at final follow-up independent of
age at onset, initial ORA, or previous retinal detachment (Fenner et al.).

Kiraly et al. analyzed 118 eyes of 59 XLRS patients (average age 24), finding a complex
relationship between retinal morphology and visual function. While CST is used in
monitoring patients with XLRS, it doesn’t always correlate with visual acuity. The authors
found a strong symmetry of CST and macular volume between eyes within individual
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patients, suggesting OCT CST may be a more reliable endpoint than
VA for comparison between a patient’s two eyes in clinical trials
(Kiraly et al.).

Gene therapy and other treatments

Intravitreal gene replacement therapy has shown promise for
improving retinal structure and function in preclinical models
and early clinical trials. However, inflammation following the
procedure has limited VA gains (I, 2). A challenge is the
variability in patient responses influenced by factors such as RSI
mutation type and disease stage. Individual immune responses
seem to play a role in the disease pathogenicity and may impact
treatment outcomes.

In this Research Topic, Hassan et al. treated RsI-KO mice
with subretinal injections of different doses of rAAV2tYF-
CB-hRSI vector previously used in human clinical trials as
an intravitreal injection. Murine subretinal injections yielded
dose-dependent reconstitution of human RS1 protein and
markedly improved retinal function, especially in light-adapted
electroretinography (ERG). OCT showed reduced cystic cavity
size, and immunohistochemistry demonstrated considerable cone
rescue. The subretinal injection was well tolerated, even in eyes
with significant retinal layer schisis. The visually guided swim
assay indicated improved functional vision as well, suggesting
that preclinical findings may translate to human trials (Hassan
et al.).

Unexpectedly, Gehrke, Thompson et al. reported that
subretinal injections of a hypertonic buffer also reduced cyst
severity and increased cone-dominant ERG amplitudes. In the long
term, treated eyes showed significantly higher cone counts than
untreated eyes, suggesting that early cyst resolution may enhance
cone signaling through an osmolarity-dependent mechanism and
improve cone viability, providing valuable insight for future XLRS
therapies (Gehrke, Thompson et al.).

Additionally, while the gene Caspl, has been reported to
be upregulated in RsI-KO mice (3), Gehrke, Pandey et al
demonstrated that RsI-Caspl double-deficient mice exhibited
no improvement in photoreceptor function or retinal structure,
indicating that Caspl may not play a primary role in disease
progression but is instead secondarily upregulated.

These findings highlight the potential benefits of subretinal over
intravitreal gene therapy for XLRS and suggest possible alternative
treatments involving osmolarity.

Topical or systemic carbonic anhydrase inhibitors (CAls)
have reportedly shown efficacy in reducing cysts and modestly
enhancing vision in XLRS patients (4-6). Wey et al, report
in this Research Topic that CAI use reduced median CST
without significantly improving VA in 26 eyes. No difference was
found between topical and systemic delivery. Nineteen eyes had
peripheral schisis; two of these resolved on CAls. 10 patients
presented with retinal detachment with a median VA 20/150 and
a final VA 20/400. Clinical stability over 2.9 year median follow-
up was noted (Wey et al.). Large, prospective trials are necessary to
assess CAIs potential to prevent complications and preserve cone
survival long term.
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Grading peripheral retinoschisis

Retinal detachment in XLRS is a serious complication that may
affect visual outcomes. Despite its importance, the mechanisms
underlying retinal detachment in XLRS are poorly understood,
thwarting efforts to prevent it. An intriguing finding reported in
this Research Topic by Nakajima et al. is that occult retinoschisis, in
which retinal splitting is observed in the ganglion cell layer (GCL)
on OCT but is not detectable on ophthalmoscopic examination,
may occur in the retinal periphery. The authors propose a
Grading Protocol for peripheral schisis, and hypothesize that occult
peripheral schisis in the GCL may precede or precipitate retinal
detachment. This hypothesis is worthy of further study, making
widefield OCT monitoring essential for detection (Nakajima
etal.).

Conclusion

The original articles in this Research Topic highlight key
findings and actionable insights on XLRS progression. VA typically
remains stable in XLRS patients until their 20s, after which ORA
leads to VA decline. CST is initially thicker than normal due to
cysts, then thins below normal with age and ORA. Preventing this
inevitable progression and reducing the risk of retinal detachments
are the primary challenges for future research.

ORA correlates more strongly with reduced VA than CST,
though CST is more symmetric between eyes. This suggests CST
may serve as an inter-eye endpoint in trials where only one
eye is treated, with ORA and VA considered for longer-term
assessments. Null mutations and initial CST >450 microns portend
worse VA outcomes, offering potential criteria for randomization
in clinical trials. Peripheral and GCL schisis should be explored in
larger studies.

Two studies using XLRS mouse models show that reducing cyst
size can improve cone viability and function over time, raising the
question of whether CAIs or other treatments that reduce cysts
could also decrease long-term atrophy in humans.

Subretinal gene replacement or hypertonic saline injections
improved short and long-term cone function in mice. Current
human subretinal gene therapy trials may reveal the best treatment
approach. Over time, XLRS leads to retinal thinning and reduced
rod/cone ERG amplitudes, suggesting that XLRS evolves into a
retinal degeneration and underscoring the importance of careful
patient selection for trials as well as clinical counseling.

While the challenges are many, the concentrated efforts
hold promise for future

of physicians and researchers

XLRS breakthroughs.

Author contributions

ADu: Conceptualization, Methodology, Project administration,
Resources, Writing - original draft, Writing - review &
editing. MH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Writing — original draft,
Writing - review & editing. ADr: Conceptualization, Methodology,

frontiersin.org


https://doi.org/10.3389/fmed.2024.1523215
https://doi.org/10.3389/fmed.2023.1331889
https://doi.org/10.3389/fmed.2024.1304819
https://doi.org/10.3389/fmed.2024.1304819
https://doi.org/10.3389/fmed.2024.1302119
https://doi.org/10.3389/fmed.2024.1302119
https://doi.org/10.3389/fmed.2024.1347599
https://doi.org/10.3389/fmed.2023.1281068
https://doi.org/10.3389/fmed.2023.1281068
https://doi.org/10.3389/fmed.2023.1280564
https://doi.org/10.3389/fmed.2023.1280564
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Dumitrescu et al.

Project administration, Supervision, Validation, Writing - original
draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. ADu
received support from the Chakraborty Family Professorship in
Pediatric Genetic Retinal Diseases. MH received support from
NEI/NIH as PI for RO1IEY(017011 and RO1EY015130, and from
Michael F. Marmor, M.D., Professorship of Retinal Science and
Disease. ADr received support from Ronald Keech Professorship
of Pediatric Genetic Eye Disease Research and Chakraborty
Family Foundation.

References

1. Cukras C, Wiley HE, Jeffrey BG, Sen HN, Turriff A, Zeng Y, et al. Retinal AAV8-
RS1 gene therapy for x-linked retinoschisis: initial findings from a phase I/IIA trial by
intravitreal delivery. Mol Ther. (2018) 26:2282-94. doi: 10.1016/j.ymthe.2018.05.025

2. Pennesi ME, Yang P, Birch DG, Weng CY, Moore AT, Tannaccone A, et al.
Intravitreal Delivery of rAAV2tYF-CB-hRSI vector for gene augmentation therapy in
patients with X-linked retinoschisis: 1-year clinical results. Ophthalmol Retina. (2022)
6:1130-44. doi: 10.1016/j.0ret.2022.06.013

3. Gehrig A, Janssen A, Horling F, Grimm C, Weber BHF. The role of caspases in
photoreceptor cell death of the retinoschisin-deficient mouse. Cytogenet Genome Res.
(2006) 115:35-44. doi: 10.1159/000094799

Frontiersin Medicine

03

10.3389/fmed.2024.1523215

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.

4. Hensman J, Hahn LC, van Schooneveld MJ, Diederen RMH, Brink JBT, Florijn
RJ, et al. Efficacy of carbonic anhydrase inhibitors on cystoid fluid collections and
visual acuity in patients with X-linked retinoschisis. Ophthalmol Retina. (2024) 8:600-
6. doi: 10.1016/j.oret.2023.12.003

5. Scruggs BA, Chen CV, Pfeifer W, Wiley JS, Wang K, Drack AV. Efficacy of
topical brinzolamide in children with retinal dystrophies. Ophthalmic Genet. (2019)
40:350-8. doi: 10.1080/13816810.2019.1660381

6. Apushkin MA, Fishman GA. Use of dorzolamide for patients with X-
linked retinoschisis. Retina. (2006) 26:741-5. doi: 10.1097/01.iae.0000237081.
80600.51

frontiersin.org


https://doi.org/10.3389/fmed.2024.1523215
https://doi.org/10.1016/j.ymthe.2018.05.025
https://doi.org/10.1016/j.oret.2022.06.013
https://doi.org/10.1159/000094799
https://doi.org/10.1016/j.oret.2023.12.003
https://doi.org/10.1080/13816810.2019.1660381
https://doi.org/10.1097/01.iae.0000237081.80600.51
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Editorial: X-linked retinoschisis: mechanisms and therapies
	Clinical features and disease progression
	Gene therapy and other treatments
	Grading peripheral retinoschisis
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


