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Abstract:

In recent years, exploring stem cell applications in ocular medicine has emerged as a revolutionary
frontier in regenerative therapies. With their versatile potential, stem cells undergo extensive research for
many diseases; however, their profound impact is particularly promising in ocular medicine. This paper
aims to provide a comprehensive synthesis and analysis of existing research on stem cell therapy in ocular
medicine, emphasizing two distinct approaches: direct and vesicular stem cell therapy. Of particular focus
is age-related macular disease (AMD), a prevalent global ocular ailment lacking a definitive cure. With
technological advancements escalating the risk of AMD across diverse demographics due to the
prolonged use of electronics and the general extension of human life, the imperative for effective
therapeutic solutions is heightened. With their manipulability, stem cells emerge as a prospective solution
for addressing the complexities of ocular disorders. By delving into direct stem cell therapy and vesicular
stem cell therapy, this paper endeavors to elucidate the potential, gaps, and evidence surrounding stem
cells in the context of ocular medicine.

The synthesis highlights the promising potential of stem cell therapy, particularly in enhancing
visual acuity and promoting integration into the ocular microenvironment. Consensus across various
studies emphasizes the transformative impact of stem cells in ocular medicine. However, gaps remain in
the robustness and diversity of research in this field. Long-term data is needed to assess the durability and
sustainability of stem cell-based treatments. The variability in treatment protocols, including differences in
cell types, transplantation methods, and patient conditions, underscores the need for standardization to
yield consistent results. Immune rejection, especially with allogenic stem cells, remains a concern, and
further research is required to improve compatibility with host tissue. Additionally, more investigation is
needed into the survival and functionality of stem cells post-transplantation, mainly to ensure long-term
viability. Optimizing the controlled differentiation of stem cells into desired cell types is crucial for
achieving successful outcomes. Patient-specific factors, such as genetic background, age, and disease
stage, require more exploration to tailor therapies effectively. Finally, ethical and regulatory challenges,
particularly concerning genetic modifications or embryonic stem cells, call for continued research to
ensure safety and compliance. This paper contributes to the ongoing discourse on stem cell-based
approaches in ocular medicine and offers insights that may guide future breakthroughs.

Keywords: stem cell therapy, ocular medicine, age-related macular disease, regenerative medicine, visual
acuity, vesicular stem cell therapy.
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Introduction:

Many ocular diseases can impair vision, and many of these can be treated with stem cell therapies,
including age-related macular degeneration (AMD). In this disease, the central macula is damaged, which
causes blurred vision. The macula is the most sensitive tissue in the eye and is responsible for the clarity
of one’s vision. When the macula is damaged due to age and several other factors, it can cause severe
vision loss and significantly decrease patients’ quality of life. Two distinct types of AMD affect the
macula: dry and wet. Dry AMD is when the macula thins as the patient ages, while wet AMD is when
blood vessels grow in a way that damages the macula (National Eye Institute).

Macula: Anatomy, Function & Common Conditions
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Figure 1: Anatomy of a Macula (Cleveland Clinic)

Furthermore, dry AMD can, at any point, cause wet AMD. In this research paper, while we studied
stem cells' effects more on wet AMD, the takeaways could also help those with dry AMD. AMD is a
progressive disorder; it takes many years for patients to notice symptoms. When symptoms occur, many
see objects as blurrier, and lines and colors may look blurry and curved. (Cleveland Clinic). AMD is
standard, with about 1 in 10 Americans aged 50 and older experiencing late AMD and 1 in 100
Americans experiencing early AMD. Many people are experiencing this problem, and more and more
people will continue to do so because of the advent of technology. As technology advances, there is an
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increasing amount of time spent engaging with digital screens for various activities, including work,
entertainment, and communication. Prolonged exposure to screens, particularly at close distances, can
contribute to digital eye strain, which may exacerbate pre-existing ocular conditions and potentially
accelerate the development of macular degeneration over time.

Furthermore, the aging global population and longer life expectancies will likely result in a higher
incidence of age-related macular degeneration (AMD) as individuals live longer lives. The cumulative
effects of prolonged screen exposure and sedentary lifestyles associated with technology use may further
compound the risk of retinal degeneration. Limited outdoor activity and reduced natural light exposure,
both commonly associated with increased screen time, have been shown to affect retinal health negatively,
potentially contributing to the onset and progression of AMD. Therefore, as technological engagement
continues to increase, the prevalence of AMD may rise due to a combination of lifestyle factors and
environmental influences.

Currently, there is no cure or treatment for AMD. Some supplements or medications slow their
progress, but no treatment can stop or reverse the damage. Current recommended treatments include a
healthy lifestyle: exercise, healthy food, and dietary supplements. Most of the time, these treatments can
only slow damage to the macula. A long-term solution is needed(Carneiro and Andrade, 2017). There are
some treatments for wet AMD, such as anti-VEGF and photodynamic therapy; however, these solutions
are not applicable to dry AMD (National Eye Institute). This highlights the need for an effective and
efficient treatment for this global disease. Stem cell therapy is promising and could be a very effective tool
to help treat this common disease.

There are two methods in which stem cell therapy can be used to treat AMD: direct and indirect
cell therapy through vesicular therapy. In direct cell therapy, stem cells or stem cell-derived tissue are
directly implanted into the eye. In the studies discussed in this paper, most direct stem cell therapy is
based on stem cell-derived retinal pigment epithelium cells (RPE cells). Many diverse sources and types
of stem cells can give rise to RPE cells. These cells are among the most crucial cells affected by AMD.
When transplanted, they can help replace damaged cells in the macula. Likewise, vesicular therapy is also
an up-and-coming technique to help treat AMD. Mesenchymal stem cells are used in this technique.
These cells are stem cells found in the placenta, so they have natural methods to help avoid the immune
response from the mother. Because of this, researchers can use exosomes or extracellular vesicles derived
from these stem cells to treat the macula. The exosomes release bioactive agents such as proteins, lipids,
and nucleic acids (miRNAs, IncRNAs), which help the macula reverse the damage in the eye. While the
bioactive components have not yet been identified, the results of these data are compelling.

In this paper, we will explore the use of stem cell therapy and vesicular therapy for AMD and similar
ocular diseases. We will see the results of studies conducted using these methods and where further
research needs to be done.

Direct Cell Therapy
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One of the more straightforward therapies being developed is direct cell therapy, where stem cells
are directly transplanted into the eye to help treat the disease. Direct cell therapy involves transplanting
healthy, functional cells into damaged tissues to repair or replace dysfunctional or dead ones. The basic
principle behind this therapy is to use live cells as a therapeutic agent to restore normal function in the
affected area. These cells can come from various sources, such as stem cells, differentiated cells, or cells
from the same individual (autologous) or a donor (allogeneic). Stem cells, in particular, are commonly
used due to their ability to differentiate into various cell types and promote healing by releasing factors
that reduce inflammation and encourage tissue regeneration. In the case of ocular diseases, like retinal
disorders, direct cell therapy typically involves injecting cells, such as retinal progenitor cells (RPCs) or
mesenchymal stem cells (MSCs), directly into the retina to support tissue repair, reduce cell death, and
restore vision. However, one of the main challenges of direct cell therapy is ensuring that the transplanted
cells survive, integrate into the tissue, and function properly without causing unwanted immune reactions
or side effects such as tumor formation.
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Figure 2: The Eye and Stem Cells (Eurostemcell)

RPE cells are more accessible and effective than other ocular cells. RPE cells are well-studied;
they are easy to sustain in a lab setting and do not need to form synaptic connections with the body to
complete their job. This makes them the obvious target for the treatment of degenerative ocular diseases.
As shown, RPE cells have a vital role in the eye; they affect many parts of our vision and are a critical
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factor in many ocular diseases, such as macular degeneration, retinitis pigmentosa, Stargardt disease, and
diabetic retinopathy. So, RPE transplantation has a promising future in treating eye diseases, as it could
help prevent further damage to different parts of the eye.

One method being engineered in the study by Michiko Mandai et al. is where induced pluripotent
stem cells (iPSCs) are engineered to create a thin sheet of retinal pigment epithelial tissue or RPE tissue.
This is then implanted into the eye and helps to replace or regrow damaged tissue. In this study, the
researchers took skin cells from the patients and converted these cells into iPSCs. Then, they allowed
these new cells to differentiate into retinal pigment epithelial cells or RPEs before transplanting (Mandai
et al.). In the study "Transplantation of human pluripotent stem cell-derived retinal sheet in a primate
model of macular hole," by Yasuaki Iwama et al., researchers transplanted human embryonic stem cell
(hESC)-derived retinal organoid (RO) sheets into a non-human primate model of macular hole (MH). The
results showed successful macular hole closure with continuous filling by the RO sheet. Although no
synaptic connections between the host and graft were observed, the fovea's visual function, particularly
the central part of the retina responsible for sharp central vision, and electrophysiological responses
improved after the transplantation. The procedure demonstrated the development of rod and cone
photoreceptors in the grafted tissue. The transplanted cells survived and matured despite mild immune
rejection, managed with focal steroid injections. These findings suggest that hESC-derived RO sheet
transplantation may be a practical therapeutic option for refractory macular hole cases, providing an
alternative to traditional surgical methods and potentially improving outcomes in retinal repair.

For several reasons, mesenchymal stem cells (MSCs) are easier to use in therapeutic applications.
First, they are relatively easy to isolate from bone marrow, adipose tissue, and umbilical cord blood,
making them widely accessible. One of the main benefits of MSCs is their ability to be easily preserved
through cryopreservation, allowing them to be stored for long periods without losing viability. Even after
thawing, these cells can be successfully differentiated into various cell types, maintaining their therapeutic
potential (Ginis, Grinblat, and Shirvan, 2011). MSCs also have strong immunomodulatory properties,
meaning they can reduce inflammation and suppress immune responses, which is beneficial for preventing
rejection in cell-based therapies.

Additionally, unlike embryonic stem cells (ESCs), MSCs do not carry the same ethical concerns or
risks of tumor formation, making them a safer option for clinical use. MSCs are also multipotent, meaning
they can differentiate into various cell types such as bone, cartilage, and fat, and they secrete extracellular
vesicles (EVs) that carry proteins, microRNAs, and growth factors, further enhancing their therapeutic
potential. Their low immunogenicity and ability to integrate into different environments make MSCs
particularly advantageous for regenerative medicine and cell therapy.

Furthermore, this method is a promising treatment for AMD because RPE cells have successfully
been used to treat similar ocular diseases. Many recent studies have shown that RPE transplantation in the
eye can improve vision by preventing photoreceptors from further damage. In seminal experiments by Li
and Turner in 1988, it was found that when they transplanted RPE cells into the Royal College of
Surgeons (RCS) rats, a genetically modified strain of rats known for their retinal degeneration, the rats’
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eyes had preserved the outer nuclear, plexiform, and photoreceptors from further damage (Li and Turner).
Since then, transplantation has been studied and has had positive results for humans with non-vascular
AMD. In another study by Schwartz and team, researchers targeted dry AMD using hESC-derived RPE
cells in the eye. When implanted into human patients, RPE cells showed no deterioration or adverse
effects such as tumor growth. After the implantation, more than half the patients had improved visual
acuity, and more than 70% had increased pigmentation in the subretinal space (Schwartz et al.). The
visual acuity improved from basic hand motions to 20/800 in the patients with Stargardt’s macular
dystrophy, where 20/800 is a measure of visual clarity on the Snellen chart, representing very low vision.
In patients with dry AMD, the vision improved from 21 ETDRS (Early Treatment Diabetic Retinopathy
Study) letters to 28, where the ETDRS scale is used to quantify visual acuity based on the number of
letters a patient can read on a standardized eye chart. These results suggest that RPE cell transplantation
may significantly enhance visual outcomes in patients with retinal degenerative diseases like Stargardt's
macular dystrophy and dry AMD. Overall, these findings demonstrate the potential of RPE cell therapy as
a promising treatment for preserving and improving vision in patients with retinal diseases. This method
is emerging because the RPE stem cell type can be derived from multiple cell types and frozen, and the
differentiation process is relatively simple. Recent studies show that mesenchymal stem cells (MSCs)
and other stem cells can be isolated from many sources and then differentiated into RPE cells. It has been
found that embryonic stem cells, or ESCs, can spontaneously differentiate into RPE cells. ESCs have also
been differentiated into RPE-like cells by adherent culturing. RPE cells were implanted into RPE
degeneration rats. The implanted cells increased the survival of photoreceptors in the eye(Nair et al.).

Moreover, this method has many advantages, such as its simplicity, efficacy, and lack of exogenous
reagent usage. This can also be implemented in a human model. When a similar process was used with
human ESCs in the rats, the cells were well integrated into the host and eventually showed many visual
improvements(M’Barek et al.). The most important advantage of this technique is that no exogenous
reagents were used, which makes the entire process simpler and more accessible(Dang et al.). Overall,
this method presents a highly feasible and efficient approach for retinal therapies due to its straightforward
process and the absence of exogenous reagents, making it easier to implement. With ongoing research,
this approach holds great potential for future applications in human models, paving the way for more
accessible and effective treatments for retinal diseases. This method has been tested for correct integration
into the microenvironment and potential tumorigenicity. Moreover, it was found that transplanted cells
integrated well into the ocular microenvironment (Feng et al.). In this study, the implanted cells showed
no malignant growth and assimilated well into the microenvironment (Feng et al.).

In a survey by Petrus-Reurer et al., hESC-derived RPE cells were implanted into rabbits in the
subretinal region (Petrus-Reurer et al.). Additionally, hESC-RPE monolayers were implanted in the
subcutaneous layer of the mice. After monitoring the mice for seven months, they found no malignant
growth, and the remaining cells were pigmented and carried the markers that RPE cells usually have
(IBID). This indicates that the implanted hESC-derived RPE cells did not differentiate or become
cancerous. There was no apoptosis in the eyes treated with RPE cells when compared with untreated eyes,
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where there was apoptosis. The rabbits were examined four weeks after transplantation; none of the
transplanted cells were rejected, and there was no tumor growth (Petrus et al.).When implanting the
mature hESC-derived RPE tissue into the mice, none of the mice ever showed any sign of abnormal
growth (Petrus et al.). In this study, the distribution of the transplanted cells was also measured (Petrus et
al.). The researchers found that the transplanted cells stayed in the eye and did not migrate to other body
parts (Petrus et al.).

In a similar study by Wang et al., researchers implanted RPC cells derived from hESCs into the
ganglion cell layer. It was found that these cells started carrying the markers of the local cells called
Brn3a. Moreover, the thickness of the outer nuclear layer also increased in the eye. The RPC (or human
retinal pigment cells) also expressed a neural stem cell marker Nestin and two retinal progenitor cell
markers, Pax 6 and Chx 10 ((Wang et al.). This indicates that the transplanted cells are well integrated into
the microenvironment. After 16 weeks of transplantation, there was no teratoma formation in the two
groups injected with hRPCs compared to the positive control(Wang et al.). Comparable results were
achieved when non-human primate models were used in similar transplant experiments (Aboualizadeh et
al.).

In a study by Aboualizadeh et al., researchers used fluorescently tagged hESCs
(hESC-CRX+/tdTomato cells) and transplanted them into the subretinal area of two non-human primates
(Aboualizadeh et al.). The researchers found that these cells made synaptic connections with the host cells
(Aboualizadeh et al.). In a study by Tu et al., iPSC-derived retinas were implanted into rats and primates.
These cells were introduced in rats with thodopsin mutant SD-Foxnl Tg(S334ter)3LavRrrc, a genetically
modified rat model known for its mutation in the S334ter gene, which causes retinal degeneration similar
to human retinitis pigmentosa. Additionally, the study included monkeys with laser-induced photoreceptor
degeneration, mimicking the condition in humans. They found that many retinal grafts survived in the rats
for up to five months and in the monkeys for as long as two years (Tu et al.). Almost 60% of the
transplanted rat retinas responded to light stimuli through retinal ganglion cells (RGCs), indicating
functional integration of the transplanted cells. For monkeys, after 1.5 years, there was also a slight
recovery of visual acuity as measured by a Landolt ring-based visual acuity test, which is both easy to
administer and effective for evaluating visual function in primates (Tu et al.). Much evidence proves that
stem cell-derived retinal transplants integrate well into the ocular environment without risk of tumor
formation, indicating that this could be a viable treatment method.

Vesicular Therapy

Vesicular therapy in the context of stem cells mainly focuses on MSCs. These stem cells are
multipotent in various parts of the human body. They can also suppress the immune system by emitting
inhibitors, which stop the cytokine signaling from the macrophages. In vesicular therapy, the MScs are
isolated and conditioned to produce MSc-Evs. First, the MSCs are extracted from the umbilical cord's
bone marrow, placenta, and adipose tissue. Then, the MSCs are conditioned and cultured to release the
EVs. Using different isolation techniques, we can isolate the EVs from the MSCs and quantify and
characterize them. Then, these MSCs are implanted into the part of the body that needs regeneration.
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Since these extracellular vesicles contain many bioactive chemicals, they aid in the eye's healing
and regeneration. Reducing inflammation and preventing cell death is critical for protecting retinal health,
especially in conditions that lead to vision impairment. This is an introductory sentence (including that
this is about reducing inflammation and cell death). In a study by Biji Mathew et al., the researchers
studied the effects of MSC-EVs in retinal ischemic-reperfusion injury. This condition is when blood flow
to the retina is stopped and restored. This causes damage to the retina and other ocular tissues, resulting in
vision impairment. The researchers first tested in vitro models using R28 cells and MSC-EVs. Then, they
started in vivo experiments using a rat model and MSC-EVs. In the end, the researchers found that the
MSC-EVs could help heal and protect R28 cells when subjected to conditions like ischemic-reperfusion
injury; it was found that the cytotoxicity significantly reduced. Firstly, in the in vitro model, it was found
that these EVs help decrease cell death and are internalized into the cell. In the study, the researchers
found that the MSC-EVs were endocytosed by the R28 cells. This means the EVs were taken into the cell
and integrated into the host cells.

Further imaging showed staining in the cytoplasm and near the nuclei, meaning the cells were
efficiently internalized. Like the in-vitro model, even in the in-vivo model, the EVs were taken up by
retinal neurons, ganglion cells, and microglia. In the in vivo model, it was found that 24 hours had passed
after the injection of the MSC-EVs, and there was a recovery in the a and b wave amplitudes of the
electroretinogram compared to the control. TNF-a and IL-6 (inflammatory mediators) had a significant
reduction after the treatment. There was also a substantial decrease in cleaved caspase-3 in the treated
ischemic retina. These proteins are usually indicators of apoptosis and inflammation; since they have been
reduced, MSC-EVs reduce cell death and damage in the retina. Given the ability of MSC-EVs to reduce
inflammation and protect retinal cells, this approach could also be explored for conditions like age-related
macular degeneration (AMD), where retinal damage and inflammation play a crucial role in disease
progression.

Introducing specific healing proteins and microRNAs to treat retinal damage has shown promising
results in reducing inflammation and cell death—introductory sentence (vesicular therapy to deliver
targeted therapy). For example, in a study by Fengtian Sun et al., the researchers used Mesenchymal stem
cells as a blister on the eye. They found that instead of just using MSCs as the healing tool, MSCs-Ev
allows us to introduce more specific healing proteins and microRNAs. For example, in this study by
Fengtian Sun, the researchers used a diabetic rat model and injected the MSC-sEVs into them. Then, the
responses of the cell signal pathways along with the RPE Cells were analyzed in the experiment. In the
end, researchers found that MSc-sEvs reduced retinal cell death. It also helped heal and grow more RPE
cells in the eye. It was found that the EVs delivered NEDD4 to the eye. Ultimately, this set off the
PTEN/AKT/NRF2 regulation, which eventually helped heal the retinal damage and alleviate diabetic
retinopathy. The intravitreal injection of the EVs had an antioxidant effect, which decreased retinal cell
damage and death. The treatment also helped the proliferation or growth rate of oxidative stress. Since the
experiment was done in a high-glucose environment, there is increased stress in these cells.
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Additionally, a protein called PTEN becomes more active and causes more damage. When these
MSC-EVs were released, it was found that they decreased the amount of PTEN and increased the activity
of AKT and NRF2, which are necessary in helping heal the eyes. Further studies found that all this was
due to a protein called NEDD4 carried in EVs. This protein restores cell pathways because when it helps
break down PTEN, it signals the activation of AKT and NRF2. Finally, when the researchers evaluated the
same experiment without the NEDD4, it showed little to no effect on treating the damage. Given the
antioxidant effects and the ability of MSC-EVs to specifically target cell signaling pathways, this
therapeutic approach holds great potential for treating diabetic retinopathy and other retinal diseases.

According to current research findings, extracellular vesicle (EV) treatment is viable for treating
ocular illnesses. These microscopic vesicles have a fantastic ability to carry a variety of bioactive
compounds, such as proteins and nucleic acids, which helps them deliver therapeutic payloads to target
cells. Research has demonstrated the potential of extracellular vesicles (EVs) produced from many cell
types, such as mesenchymal stromal cells (MSCs), retinal pigment epithelium cells, or endothelial cells, to
treat disorders like diabetic retinopathy and corneal damage. EVs function in various ways, including
promoting tissue regeneration, reducing inflammation, and enhancing cell survival. Their involvement in
nerve regeneration in eye illnesses is remarkable; in animal models of optic nerve injury and glaucoma,
MSC-derived EVs have been shown to facilitate axonal regeneration and functional recovery. Numerous
neurotrophic factors and cytokines found in these cysts promote angiogenesis, control inflammation in the
retina and optic nerve, and support the survival and regeneration of neurons.

Furthermore, EVs' potential as a vehicle for delivering therapeutic compounds has been
demonstrated in experimental models, highlighting their potential for treating ocular illnesses. However,
there are obstacles to how EV-based therapeutics are being clinically translated; more preclinical and
clinical research is required to realize their therapeutic potential fully and overcome current barriers. In
summary, EV treatment presents a strong possibility for treating regeneration disorders.

Gaps and Controversy

Despite promising direct and extracellular stem cell treatments for age-related macular
degeneration (AMD), there are several significant gaps. Of greatest concern are the safety of stem cell
differentiation, especially the potential for off-target effects or failure of full maturation. Tumorigenicity
continues to be a significant limitation since uncontrolled cell division can damage patients. Moreover, the
long-term consequences of these treatments are still unknown, with risks like immune rejection and
inflammation that differ based on whether the source of stem cells is autologous or allogeneic. Adding to
these challenges, most available studies have small populations, making generalizability and reliability of
findings questionable. Being one of the stem cell safety problems, their unpredictability is one such issue.
For example, there have been instances when it was found that there was unintended MSC differentiation.
They can sometimes differentiate into tissues like bone or cartilage, harming the recipient. Further, the risk
of tumors was investigated at an initial level, and this is an issue that must be studied in depth.

Researchers have also discovered in another study that MSCs can differentiate into endothelial
cells and create a capillary network. This can lead to neovascularization, which is a severe condition. In a



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

recent study, they tested three women with macular degeneration, and after receiving bilateral intravitreal
injections of adipose-derived stem cells, they all experienced blindness. In this study, high rates of retinal
detachment also occurred, with a rate of 29% in phase 1 and 15% in phase 1- 2a(Kuriyan et al.).
Furthermore, these MSCs could also promote tumorigenicity. Some studies found that the MSCs
suppressed the anti-tumor immune response, increasing tumor growth. Since MSCs have natural immune
system suppressors, we have no control over them when they decide to go rogue. It was found that MSCs
promote the polarization of the immune system in the anti-inflammatory TH2 pathway. This creates an
environment where the immune system is suppressed, allowing the proliferation of tumor cells.

Further research could focus on the long-term effects of transplantation. As demonstrated by the
evidence, one of the most significant findings is that studies showing improvement tend to be temporary.
In many studies, visual acuity or retinal function improvements are observed within a few months to a
year after transplantation, but these benefits often diminish over time. This is primarily due to the
short-term nature of most studies, which typically track patients for a limited period, usually only one to
two years. While early-phase clinical trials and animal studies have shown promising results, they focus
on short-term outcomes such as safety, initial integration of transplanted cells, and temporary visual
improvements. There is insufficient data on the long-term durability of these improvements, with
questions remaining about whether transplanted cells maintain their functionality or integrate effectively
with the host tissue over time. More research, observation, and experimentation are required to
demonstrate that stem cell therapy can yield lasting benefits. One approach to achieving this goal is by
integrating various techniques. Much of this field's research is conducted independently, each with specific
methods. However, combining transplantation methods and techniques could yield long-term benefits.

Finally, the limited sample size is another significant gap in this field. Many studies are conducted
with small sample sizes, including some non-human primate studies, where only two test subjects are
involved. Early-phase clinical trials, which primarily focus on assessing safety and feasibility, often
include smaller cohorts. For example, a study by Schwartz et al. involved two patients with severe
exudative AMD who received subretinal transplants and showed improved vision over 12 months (Singh
and MacLaren). Similarly, a Phase I/IIa trial by the National Eye Institute (NEI) aimed to enroll up to 12
participants to evaluate the safety of autologous induced pluripotent stem cell-derived retinal pigment
epithelium transplantation for geographic atrophy associated with AMD (Rohowetz and Koulen). Stem
cell therapy holds significant potential in treating AMD and other retinal diseases. However, it is equally
clear that more comprehensive and specific research is needed in this area. Larger sample sizes and a
broader range of techniques should be employed in these studies.

Future Directions

In conclusion, exploring stem cell therapy for ocular diseases reveals a landscape brimming with
promise and potential. Numerous studies have underscored the efficacy of stem cell interventions,
showcasing their ability to treat ocular conditions and improve visual acuity. Moreover, the remarkable
adaptability of stem cells to integrate into the retinal microenvironment and establish neural connections
further solidifies their utility in ocular therapeutics. However, amidst these promising findings, it is

10
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imperative to acknowledge the existing gaps and challenges within the field. The prevalence of low
sample sizes in many studies, the need for standardized methodologies, and the increased in vivo research
with larger sample sizes highlight areas for improvement. Addressing these limitations is essential to
bolstering stem cell research's robustness and reproducibility in ocular disease treatment.

Fortunately, solutions are within reach. By prioritizing robust studies with higher sample sizes and
advocating for integrating enhanced research methodologies, we can fortify the foundation upon which
stem cell therapy stands. Furthermore, leveraging promising previous studies with larger sample sizes can
guide future investigations, facilitating a comprehensive exploration of potential side effects and their
mitigation strategies. As we navigate these challenges and opportunities, we must maintain optimism
about the future of stem cell therapy in ocular diseases. Despite the hurdles, the overall outlook remains
bright, with continued research efforts poised to drive validation and implementation forward. With
concerted dedication and collaboration, stem cell therapy promises to address unmet medical needs in
ocular disease treatment, offering hope to countless individuals worldwide.
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