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Ophthalmic diseases pose a significant
challenge to the well-being and quality of life of
millions of individuals globally, as they could cause
vision loss in severe cases. One such condition
is the Retinitis Pigmentosa (RP) group of rare eye
diseases that affect the retina. This is an inherited
degenerative disorder indicative of the gradual
deterioration of rod and cone photoreceptors[1].
Furthermore, age-related macular degeneration
(AMD), a disease affecting the macula – the central
region of the retina responsible for sharp vision
– presents another example of a condition with
serious implications for the vision health. The
AMD is the leading cause of blindness among
individuals aged 55 and older[2, 3], affecting
approximately 67 million people in the EU[4] and
11 million in the US[3], with a global affliction of
170 million. Prognosis suggest that the prevalence
of the AMD in the US will rise to 22 million by
2050, and globally to 288 million by 2040[2, 3].
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In this short note we briefly report on new attempts
by scientists and clinicians to confront these kinds
of diseases by using nanoscopic quantum systems
to cope with such neuro degenerative disorders.

To date, various traditional methods have been
employed for the treatment of retinal degenerative
diseases, including both noninvasive and invasive
approaches. For example, noninvasive treatment
of the RP and AMD, such as pharmacological
and neuroprotection agents therapy[5], show
promise for the early-stage intervention, whereas
more invasive therapies, including photodynamic
laser treatment[6] and anti-VEGF injections[7]
become necessary for more advanced stages of
the disease. Notwithstanding these therapies,
the challenge still remains to find a more
effective solution for the treatment of the retinal
degenerative diseases.

In recent years, an alternative approach to
the conventional treatment of the RP and AMD
has emerged through the application of the
extracellular electrical stimulation technique
of both the inner and/or outer retinal network,
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leading to the development of biocompatible
implantable engineered electronic prostheses,
such as an array of electrodes that convert optical
signals into electrical signals, which are then
transmitted to the brain for neural processing and
image formation. Furthermore, prostheses, such as
the sub- and epi-retinal ones, could be implanted
at different locations within the retina. Recently,
some electronic-based prostheses, such as Argus
II[8] and Alpha IMS[9], have received human clinical
trial approval. Although retinal prostheses have
demonstrated successful stimulation of retinal
networks, nevertheless technical challenges such
as the need for a complicated surgery, post-
surgery complications and undesired side effects,
low spatial and temporal regulations[10–13] have
significantly limited their use in human applications
thus far.

Recent advancements in regenerative
medicine, such as nanomedicine and/or medical
nanotechnology, have opened new vistas as
promising fields in attempts to develop innovative
treatments to restore vision in individuals
with retinal degenerative and optic nerve
diseases[14–16].These new fields involve the use
of nanoscale materials and devices to target and
interact locally with specific cells and tissues
in the eye[17, 18]. One application is the use of
nanocarriers for targeted drug[19] and gene[20]
delivery to the retina[21], allowing for a precise
and controlled release of therapeutic agents,
such as nanoparticle-based vehicles for gene
delivery to inherited retinal diseases using CRISPR-
Cas9[20]. Additionally, nanoscopic devices enable
further improvement of the current implants
through amplification of their physio-chemical
properties, providing enhanced functionality
and biocompatibility. In this regard, bare carbon
nanotubes (CNTs)[22] or dressed CNTs[23] have
been used to modify both the electrical and
mechanical features of microelectrode chips via
a coating process at the interface with the retinal
neurons. Other applications of nanomedicine
relate to nanoscale implants and devices that
can interface with the retinal cells[23–28], such
as TiO2-Au nanowires that could be implanted
directly, acting as photoreceptor cells for
transduction of the light signal into the electrical
signal[28].

A recent development has been the use of
quantum systems in retinal restoration, namely
the intravital injection of quantum dots (QDs) for

restoring the visual function in human damaged
retina[29]. These exotic nanoscopic semiconductor
particles, which are implanted via intravitreal
injection, possess unique optical and electrical
properties that make them suitable for specific
applications in the retinal tissue[30]. Preclinical
studies have evaluated the efficacy of silicon-
cadmium selenide (CdSe) QDs for preventing the
progressive damage of the photo-sensitive cells
through intraocular injection[31, 32]. The results show
that the intravitreal injection of silicon QDs is
safe and does not show any sign of toxic or
allergic reactions. Moreover, the electrical activity
of the retina after the injection of photo-active
QDs is increased significantly. These advances
in preclinical investigations hold great potential
and offer new hope for patients affected by the
RP. This approach was investigated, in the first
human safety and efficacy clinical study, on 20
subjects in two groups; group A (5 adults with
end stage) group B (15 with severe RP), with
two dosages of cadmium/selenium 655 Alt QDs,
including 0.2 or 2 μM, injected intravitreally to both
groups[29].

In conclusion, the integration of nanoscopic
systems and ophthalmology in search to find an
effective approach or tool for restoring vision has
emerged as a novel innovation with the potential
to significantly impact ophthalmology and vision
science. The aforementioned approaches have
shown that the use of nanoscale systems to help
restore vision and create a protective effect on
nerve cells has been successful. Indeed, recent
advancements in this field represent a paradigm
shift in the approach to the treatment of the
retinal degenerative diseases such as the AMD
and RP. The potential of nanoscience along
with nanotechnology to revolutionize targeted
drug/electrical field/gene delivery, optogenetic
therapy, and enhanced CRISPR/CAS9 technique,
offer new hope for patients and clinicians
alike. While challenges persist, the pursuit of
innovative, multidisciplinary approaches (basic
science, clinical) nanomedicine-based solutions in
ophthalmology has created optimism for a future
where vision loss may be effectively mitigated or
even reversed.
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