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Introduction

Retinal degenerative diseases represent a signifi cant 
global public health burden and are among the primary causes 
of blindness [1,2]. The retinal tissue contains specialized 
neurosensory components, including photoreceptors, bipolar 
cells, ganglion cells, and RPE cells, which work together 
to process light into neural signals for transmission to the 
brain [3,4]. The visual system experiences progressive and 
permanent vision loss when photoreceptors and RPE cells 
sustain damage [5,6].

Current treatment methods aim to prevent disease 

progression rather than to rebuild damaged retinal cells [2,7]. 
Anti-vascular endothelial growth factor therapy, together 
with laser photocoagulation and supportive rehabilitation 
techniques, enables patients to keep their existing vision but 
fails to restore their lost photoreceptor function [7].

Recent advances in regenerative medicine have introduced 
stem cell therapy, gene replacement strategies, and biomaterial-
based tissue engineering methods, which scientists now use to 
achieve both structural restoration and functional recovery [8-
10]. These developments provide effective treatment options 
for medical conditions that doctors previously believed to be 
impossible to treat.
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Literature review

Stem cell–based therapies

The invention of iPSCs enables scientists to create retinal 
pigment epithelium and photoreceptor cells, which function as 
transplantable tissues for medical use. As a key development, 
initial clinical tests have shown that transplanted RPE cells can 
survive and partially integrate into the surrounding tissue in 
the subretinal space. Transitioning from these cell therapies, 
retinal organoids can reproduce retinal development using 
pluripotent stem cells as a source, and they may be used as 
transplantable tissue constructs.

Gene therapy

Adeno-associated viral (AAV) vector–mediated gene therapy 
has shown success in treating inherited retinal dystrophies. 
Clinical trials have reported improvements in light sensitivity 
and visual acuity in selected patients. CRISPR-based gene 
editing introduces precise genomic correction, which expands 
therapeutic possibilities for monogenic retinal diseases.

Tissue engineering

Biomaterial scaffolds improve cellular survival rates while 
helping cells maintain their proper orientation, together with 
their synaptic connections, which occur after transplantation. 
Three-dimensional engineered retinal tissues enhance the 
alignment of photoreceptors, and they enable photoreceptors 
to make proper contact with host neural circuits.

Neuroprotection and regenerative signaling

Neurotrophic factors have demonstrated protective 
effects against photoreceptor degeneration in experimental 
models [11,12]. These approaches may complement cell-based 
regenerative therapies.

Research methodology

The study performed a systematic, structured review that 
used three databases: PubMed, Scopus, and Web of Science. 
The researchers examined studies that were published between 
2015 and 2025. The researchers included studies that involved 
human clinical trials or validated animal studies that tested 
stem cell therapy, gene therapy, and tissue engineering 
methods for retinal regeneration [8-10,13-18].

The researchers examined 312 records and found 38 studies 
that matched the inclusion requirements for qualitative 
analysis.

Statistical analysis

The team gathered quantitative data from eligible clinical 
trials, which were selected for their specifi c requirements. The 
study measured best-corrected visual acuity (BCVA) changes 
through ETDRS chart assessment when data became accessible 
to researchers [9,19]. Researchers established statistical 
signifi cance at a p < 0.05 threshold. The research team decided 
against conducting a meta-analysis because of the study design 

discrepancies and different outcome assessment methods used 
in the various studies.

Results

The clinical research on iPSC-derived RPE transplantation 
showed both structural stabilization and specifi c areas of 
functional enhancement [14,20]. The gene therapy studies 
showed that patients with inherited retinal disorders achieved 
statistically signifi cant improvements in both visual sensitivity 
and acuity measurements [9,19]. The preclinical research on 
tissue engineering demonstrated that biodegradable scaffolds 
enhanced both photoreceptor survival and synaptic integration 
capabilities [10,21] (Table 1, Figure 1).

Discussion

The development of new treatment approaches in 
ophthalmology has resulted from the combined research 
efforts in stem cell biology, gene editing technology, and 
biomaterials science [8,10,15,]. Researchers are currently 
studying two different aspects of the study, which include its 
safety and effi cacy through early-phase trials, while they still 
need to determine its sustained effectiveness and immune 
system response [11,22]. The successful implementation of 
photoreceptor transplants into existing neural pathways 
represents a major scientifi c obstacle that researchers still 
need to overcome [6].

Table 1: Summary of Key Retinal Regeneration Strategies.

Strategy Mechanism Current Status
Expected 
Outcome

Stem Cell 
Therapy

Replacement 
of damaged 

photoreceptors or RPE 
using iPSCs

Early clinical trials
Structural repair; 

partial vision 
recovery

Gene Therapy
Correction of genetic 
mutations using viral 

vectors or CRISPR

Approved for selected 
diseases; multiple 

trials ongoing

Improved retinal 
function; slowed 

degeneration

Tissue 
Engineering

3D scaffolds and retinal 
organoids supporting 

cell integration

Preclinical and 
experimental stages

Enhanced cell 
survival and 
alignment

Neuroprotective 
Agents

Use of growth factors 
to protect remaining 

retinal cells
Experimental

Reduced 
degeneration; 

preserved vision

Figure 1: Overview of Retinal Regeneration Approaches.
Source: Adapted from contemporary literature on retinal regeneration, including 
stem cell therapy (4–6), gene therapy advances (7–9), and tissue engineering 
developments (10–12).
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Gene editing procedures require both ethical oversight and 
regulatory frameworks as necessary components [16]. The 
worldwide implementation of the project will depend on its 
cost-effectiveness and accessibility to different populations 
[23-25].

Conclusion

Researchers are moving retinal regeneration research from 
the experimental stage to clinical testing. The combination of 
stem cell therapy with gene replacement and tissue engineering 
research enables researchers to establish realistic methods 
for restoring retinal structure and function. The scientifi c 
community needs to conduct interdisciplinary research 
together with extensive clinical studies to determine the long-
term safety and effectiveness of medical treatments.
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