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ABSTRACT

The prevalence of myopia has increased in modern society due to the edu-
cational load of children. This condition is growing rapidly, especially in
Asian countries where it has already reached a pandemic level. Typically,
the younger the child’s age at the onset of myopia, the more rapidly the
condition will progress and the greater the likelihood that it will develop
the known sight-threatening complications of high myopia. This rise in in-
cidence of severe myopia has contributed to an increased frequency of eye
diseases in adulthood, which often complicate therapeutic procedures.
Currently, no treatment is available to prevent myopia progression.

Stem cell therapy can potentially address two components of myopia. Re-
gardless of the exact etiology, myopia is always associated with scleral
weakness. In this context, a strategy aimed at scleral reinforcement by
transplanting connective tissue-supportive mesenchymal stem cells (MSCs)
is an attractive approach that could yield effective and universal therapy.
Sunlight exposure appears to have a protective effect against myopia. It is
postulated that this effect is mediated via local ocular production of do-
pamine. With a variety of dopamine-producing cells already available for
the treatment of Parkinson’s disease, stem cells engineered for dopamine
production could be utilized for the treatment of myopia. In this review,
we further explore these concepts and present evidence from the litera-
ture to support the use of stem cell therapy for the treatment of myopia.
STEM CELLS 2014, 00:000-000
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INTRODUCTION

Investment in medical research aimed at improving
quality of life is immense. While scientific advance-
ments have helped to eliminate many medical prob-
lems, the increasing incidence of myopia has yet to be
addressed on a comprehensive scale. Myopia is a large-
ly civilization-driven condition. It affects a sensitive
population—school children— in part, due to increased
educational demands fueled by excessive pressures to
meet the expectations of adults, parents, and teachers.
In addition, technological developments, including the
ubiquitous presence of computers, tablets, and smart
phones, have dramatically decreased the time children
spent outdoors, and increased the time focusing on text
and graphic images at close range. The price is a rapidly
increasing incidence of nearsightedness/myopia, a con-
dition in dire need of an efficient therapy.

Medical Aspects of Myopia

Almost all cases of slight myopia, and most cases of
moderate myopia, are benign conditions effectively
treated by vision correction with spectacles, contact
lenses, or refractive surgery (in adults). While visual
acuity in patients with severe myopia (> 6.0D) can also
be corrected by the same means, there are other long-
term consequences of this disease[1]. One such conse-
quence includes the extensive elongation of the eyeball
that can result in posterior staphyloma. This dramatic
elongation accounts for a wide array of degenerative
eye changes, which occur more frequently in myopic
than emmetropic eyes. and are a major cause of irre-
versible vision loss due to progressive degenerative
maculopathy, including choroidal neovascularization, as
well as retinal detachment, optic disc abnormalities,
glaucoma, and cataract. In addition, surgical interven-
tions on the eyes are risky in the myopic population. In
addition to the risk of vision loss, there are also poten-
tial psychological side-effects, such as distress and anxi-
ety[2] related to “Muscae volitantes” from vitreous
body degeneration and detachment that occurs more
frequently in myopic eyes[3].

Myopia in children: an emerging pandemic

While myopia was once considered a hereditary condi-
tion, the current demographics clearly indicate an envi-
ronmental influence as well. A seminal study among
Inuit families showed that, after the introduction of
mandatory education, the incidence of myopia rose to
60%, compared to virtually no nearsightedness in the
uneducated parents of these children[4]. Where educa-
tion is minimal in small towns in Africa[5] and South
America[6], the incidence of myopia is also low. In con-
trast, the prevalence of myopia is alarming in urban
areas of the Far East. Among 5060 Chinese university
students tested in Shanghai, 95.5% were myopic and
19.5% were highly myopic[7]. A study from Taiwan also
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showed that 80% of students were myopic after finish-
ing elementary school. Hong Kong, Singapore, South
Korea, and Japan are other examples of cities/countries
with a very high incidence of myopia[8]. A study of 6-
and 7-year-old students of Chinese ethnicity living in
various different geographic locations revealed a much
lower prevalence of myopia in those children living in
Sydney, Australia (3.3%) compared to those residing in
Singapore (29.1%)[9]_After a thorough analysis of life-
style and schooling, educational pressure for early
achievement has been indicated as an underlying factor
in the skyrocketing rates of myopia in Asia. The in-
creased strain on the eye to distinguish subtle differ-
ences in hanzi or kanji (Asian characters) may also be
contributing to the pandemic. The correlation between
myopia prevalence and severity, and educational at-
tainment has already been demonstrated in
Singapore[10]. The population of myopic children also
nearly doubled in the United States from 25% in 1971-
72 to 41.6% between 1999 and 2004[11].

While school screening programs and the strict re-
quirements for sight testing for driver’s licenses may
lead to increased diagnosis of myopia; the published
papers cited above do not refer to
health/school/administration records, but rather use
enrolled study participants, ensuring the quality of sight
examination. Examination methodology has remained
relatively unchanged for decades, so comparisons with
previous generations should be valid.

While the majority of studies show that myopia is
driven by factors related to the development of civiliza-
tion, such as compulsory school attendance, there is
also a somewhat contradictory thesis that civilization is
driven by people with myopia. Clinical observations
suggest that children with myopia may have a higher 1Q
[12]. A possible mechanistic explanation is that musca-
rinic acetylcholine receptors, which are associated with
high myopia [13], are also involved in memory consoli-
dation [14]. Thus, muscarinic overstimulation may
cause excessive constriction of ciliary muscles, initiating
myopia, while at the same time improving memory.
Thus, the evolutionary advantage to people with myo-
pia due to higher IQ could be an additional element
contributing to the emerging pandemic. However, that
advantage does not seem to exist in industrialized na-
tions in which intelligence is instead inversely correlat-
ed to the number of children a person has [15]. One
quite interesting observation is that, paradoxically,
more educational pressure on less academically capable
populations may fuel close-work assignments, allowing
little time for outdoor activities, thus exacerbating the
pandemic of myopia in the industrialized world. In other
words, the evolutionary pressure promoting higher in-
telligence is no longer at play in a society where 1Q is
not necessary to survive until reproductive age and
where 1Q is inversely correlated with the number of
descendants.
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Genetics of myopia

The exact mechanism of myopia development has not
yet been deciphered. Traditionally, a genetic factor has
been emphasized because of the observation that my-
opic parents give birth to myopic children. In fact, herit-
ability was confirmed statistically in multiple studies
with mono and heterozygotic twins [16-19]. Studies of
12-year-old Australian children showed that prevalence
of myopia increases with the number of myopic par-
ents. Moreover, the strong influence of ethnicity has
been shown, with a higher incidence in East Asians
compared to Caucasians [20]. Similarly, new methods,
such as genome-wide association studies (GWAS), have
identified a considerable number of loci for refractive
errors. Risk score analysis, using associated single-
nucleotide polymorphism (SNPs), showed that risk for
myopia increases ten-fold in individuals carrying the
highest genetic load [21]. While genetic heterogeneity
of susceptibility to myopia has been reported, and over
30 loci identified by linkage studies, the causative gene
has been found in only a few loci, and no proteins have
been identified to be directly related to myopia devel-
opment [22]. For example, the SCO2 mutation has been
found in families from the United States of European
origin. SCO2 encodes a copper homeostasis protein[23],
which is not directly related to the capture of light and
signal transmission from the retina to the sclera, logical
targets involved in environment-induced myopia. Thus,
it is clear that the genetics of myopia is complex, and its
cause is likely multifactorial. Based on the discussed
mechanisms, it is warranted to suggest a double-hit
hypothesis, in which myopia-related foci decrease the
function of myopia-related cells in the retina and/or the
sclera by different, probably unrelated mechanisms.
When such “weakened” cells are additionally hit with
environmental factors, such as an overburden of “close
work” and/or an insufficient amount of light, myopia
develops. What is important is that families at high risk
of developing myopia can be identified by genetic stud-
ies [24, 25], and targeted with novel anti-myopic inter-
ventional therapies.

Environmental determinants of myopia

While genetics seem to play a significant role, other
studies in monkeys, whose eye anatomy closely resem-
bles that of humans, have shown that myopia can be
induced by environmental manipulation. Restricted
visual space has produced myopia, especially in young
animals highly susceptible to such conditions [26]. Ac-
commodative stress was suggested as the reason for
the development of myopia, as it was prevented by
atropine, which produces cycloplegia, or paralysis of the
ciliary muscles [27]. In fact, accentuated ciliary muscle
thickness, suggesting muscular hypertrophy, may ac-
count for the inherent dysfunction in myopia [28]. The
application of negative diopter spectacle lenses alters
eye development in young monkeys toward myopia
[29], probably by inducing accommodative eye-strain.
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Myopia can also be induced by form deprivation af-
ter fusing the eyelids [30], independent of lens-induced
nearsightedness. It has been shown that lack of light
stimulation leads to eyeball elongation, while outdoor
activities and exposure to light not only prevent myopia
development, but also decrease the rate of myopia pro-
gression in children. These observations have been con-
firmed by meta-analysis [31]. These findings suggest
that the value of sunlight has been underestimated, and
that parents should be educated to encourage children
to increase outdoor activities. The reduction in myopia
from light exposure is thought to be mediated by local
ocular dopamine production. Retinal production of do-
pamine in form-deprived eyes is reduced while dopa-
mine agonists decrease axial eye growth to reduce my-
opia [32]. Furthermore, scleral thinning induced by form
deprivation can be prevented after intravitreal injection
of dopamine in rabbits [33]. Other factors are also in-
volved. For example, during eyeball elongation induced
by form deprivation, vasoactive intestinal peptide can
increase retinal neurogenesis [34].

It has been also hypothesized that vitamin D can
mediate sun exposure-related protection against myo-
pia. While lower sun exposure is clearly linked to both
myopia and lower vitamin D levels, the link between
vitamin D concentration as an independent variable for
myopia is not consistent [35, 36]. There are no studies
reporting on the use of vitamin D as a drug to prevent
the initiation or to prevent myopia, requiring further
investigation.

Apart from the protective effect of sun exposure,
the potential risk of skin carcinogenesis should also be
mentioned. Intermittent/sporadic skin exposure to UV
(weekend and vacation activities in indoor workers)
only increases the risk of melanoma (related to sun-
burn), but chronic exposure (outdoor workers) can even
be protective [37-39]. Basal skin carcinoma is also relat-
ed to intermittent/sporadic skin exposure [40]. Alt-
hough squamous cell carcinoma seems to be related to
chronic exposure to UV [41], the increase of school out-
door activities is unlikely to reach an alarming risk level.
In addition, there is an initiative by four European coun-
tries to reduce exposure to UV with the use of appro-
priate protective clothing for outdoor workers in over
the years 2010-2050 [42]. Accordingly, it is possible that
children can be exposed to the appropriate level of sun,
at the vital developmental stage, and the exposure can
be reduced in adulthood so as not to reach a pathologi-
cal cumulative level of sun exposure. Thus, there is no
serious risk of carcinogenesis due to an increase of out-
door activities, and it may be even protective against
melanoma, since daily exposure to the sun may elimi-
nate the sporadic/intermittent skin exposure during
weekends and vacations (as children are daily exposed
to the sun). Alternatively, advocating for the topical
application of UVA and UVB blockers is a practical yet
effective approach to protect the skin.
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The challenge to prevent myopia progression

in children

Myopia most commonly affects school-age children,
and, once it starts, the progressive nature is almost cer-
tain. Typically, the younger the age of myopia onset, the
faster it progresses. In some geographical regions, up to
40% of children suffer severe myopia [43], with a high
rate of irreversible vision loss in adulthood [44]. At-
tempts to predict the onset of myopia in children have
been only partly effective. To date, no safe and effective
method to halt myopia progression has been devel-
oped. The highest success rate has been achieved by
cycloplegia, using a daily instillation of 1% atropine, but
the side effects, including pupil dilation, accommoda-
tion paralysis, and the necessity to use the drug for
many years, outweigh the benefits. Lower doses of at-
ropine produce fewer side effects, but are also less ef-
fective. Discontinuation of treatment often results in
progressive myopia at an accelerated pace [45]. The
molecular mechanism by which atropine acts has not
yet been elucidated.

Several studies have shown that myopia progression
is slowed by orthokeratology, a method to reshape the
cornea that is based on the overnight use of special
rigid contact lenses, but this method is not yet widely
accepted. In addition, only 50% of the affected children
qualify for such therapy, and the positive effect disap-
pears after four years [46]. In addition, orthokeratology
requires high compliance, and excellent hygiene to pre-
vent vision-threatening complications, such as keratitis
or corneal abrasions, both of which are difficult to
achieve in young children. It is believed that the benefit
of orthokeratology is related to a shift from peripheral
relative hyperopia to myopia [47]. Using the same con-
cept, new, dual-focus soft contact lenses were recently
designed, and have been shown to slow myopia pro-
gression [48]. However, it should be emphasized that
the positive effects of orthokeratology and dual-focus
soft contact lenses are rather small. Although they
might be functionally important for some patients, fur-
ther research to discover more effective therapies for
myopia is warranted.

Another therapeutic strategy used for progressive
high myopia is posterior scleral reinforcement (PSR)
surgery [49]. This consists of positioning an implant
such as a cadaveric fascia lata strip [50] or cadaveric
sclera between the ocular muscles and the posterior
aspect of the globe recipient via limbal peritomy [51], or
the recently proposed concept of retrobulbar injection
of an enzymatically degradable semi-interpenetrating
polymer network [52]. PSR can halt myopia progression,
but is not devoid of complications and challenges, such
as difficulty obtaining appropriate graft material in
some regions of the world [53], and complications such
as delayed occlusion of the cilioretinal artery [54]. Tran-
sient muscle weakness and related binocular diplopia
frequently follow the procedure [51]. A preclinical study
in cats has also shown an impairment of venous outflow
in the retina after PSR surgery [55]. Due to the skyrock-

www.StemCells.com

eting rate of severe myopia in urban areas of the Far
East, there are several recent reports of PSR from China
[56-59], but none presents a cure. Thus, this procedure
is reserved for a small population of quickly progressing,
severely myopic patients.

The very high prevalence of myopia in specific popu-
lations has prompted studies on emmetropic (normal
vision) school children. The myopic drift has been
shown, in a clinical trial (NCT00477620), to be slowed in
emmetropic school children by using reading glasses for
near work. This method however, (patent US
20120236256), along with the application of progres-
sive addition lenses in myopic children, has shown only
a minimal slowing effect [60].

Thus, effective therapies for myopia which include
daily administration of drugs over many years, are ex-
tremely inconvenient or challenging in young children.
In addition, methods that require direct contact of a
foreign material with the cornea introduce the risk of
irreversible changes that, in young children, could im-
pair proper corneal development. Thus, a treatment
methodology based on a single and safe procedure,
with long-term or even life-long effects, is highly desira-
ble.

Application of stem cells for the treatment of

eye disorders

The therapeutic use of stem cells was initially proposed
as a strategy to restore function to damaged tissues.
This is the guiding principle of regenerative medicine, a
field that continues to grow tremendously, fueled in
part by the increasing need of ageing societies. Recent-
ly, it has been shown that the beneficial effects of stem
cells extend beyond cell replacement, and include mod-
ulatory and trophic support. There has been tremen-
dous interest in using stem cell replacement for ocular
diseases, as suggested by the hundreds of papers de-
voted to cell therapy for disorders of both the anterior
and posterior eye.

Among anterior eye disorders, corneal diseases are
among the most challenging. There are multiple report-
edly successful attempts to restore function to the cor-
nea with stem cell therapy. Stem cell therapy has also
been used in posterior eye disorders, such as age-
related macular degeneration, retinitis pigmentosa, and
glaucoma. Depending on the complexity of the struc-
ture affected by the pathological process, the challenge
to restore lost function by cell therapy varies. In age-
related macular degeneration, the pathology primarily
affects the retinal pigment epithelium; thus, cell thera-
py is more attainable, and, indeed clinical studies with
stem cell transplantation have resulted in positive re-
sults in the small number of patients who have been
studied [61]. Retinitis pigmentosa affects mainly photo-
receptors, making it a more difficult target for regenera-
tion, but trials in animal models have resulted in func-
tional improvement. Retinal ganglion cells (RGC) that
have degenerated in glaucoma are also difficult to re-
place, since restorative treatment would require direct-
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ing their axons via the optic nerve to the lateral genicu-
late body (a few centimeters away from the retina)
where they synapse with the next neuron of the visual
pathway.

A novel concept for the use of stem cells for

the therapy of myopia

People with myopia develop adult-age eye disorders
much more frequently than those with normal vision,
and the incidence is even higher in people who are se-
verely myopic. Thus, efficient therapy to halt the pro-
gression of myopia in childhood could play a protective
role against the occurrence of adult-onset eye diseases,
and dramatically reduce ocular morbidity (Fig. 1). As
mentioned above, various strategies have been ex-
plored to halt the progression of myopia. In addition, a
multitude of stem cell-based approaches have been
applied for the treatment of eye diseases. However, as
of to date, stem cell therapy has not been considered as
a method for halting the progression of myopia, even
though the presumed mechanisms of myopia progres-
sion indicate that stem cell therapy could potentially be
a viable option. Here, we introduce the concept and
scientific rationale for the use of stem cell therapy to
treat myopia.

Stem cell-based scleral support

While there are several proposed pathomechanisms
that lead to myopia progression, the common feature
of a myopic eye is a weak, less rigid, and thinned sclera
[62] characterized by increased elasticity and reduced
collagen content [63]. In this context, the development
of strategies aimed at improving scleral biomechanics
and preventing myopia progression is attractive be-
cause this would address the common underlying caus-
ative factor. This concept has already been used with
posterior scleral reinforcement surgery, as mentioned
above. While effective, this surgery can be complex, and
is justified only for specific cases of severe myopia [64].
However, with a recently developed micro-needle-
based, minimally invasive, safe technique, it is now pos-
sible to deposit payloads of stem cells to the back of the
eye, specifically to the space between the choroid and
the sclera (Fig. 2). This route has been found to be ef-
fective in the treatment of acute posterior uveitis in an
animal model [65]. It has also used for the administra-
tion of biomaterials[66, 67] and tumor cells [68]. Based
on this development a startup biomedical company has
been established, and clinically applicable injection de-
vices are in development, and are expected to be avail-
able in the near future [69].

The major advantage of the placement of stem cells
within the subscleral space is the possibility of their
incorporation into the retina-sclera signaling loop. Since
subscleral injection is routinely used to deliver drugs,
without causing hemorrhage or retinal detachment, it is
likely to become a valid delivery route for stem cells as
well. The subscleral space is prone to adaptation, and,
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since it is flexible, as in most choroidal detachments, it
will shrink with time. There are also alternative sites for
targeting stem cells in order to treat myopia. One pos-
sibility is deposition of cells within the sclera itself [70],
but compared to the subscleral space, the sclera has a
limited capacity to expand. Therefore, multiple injec-
tions or a scleral tunnel in which to place the cells
would likely be needed to achieve a sufficient supply of
stem cells, which would be technically challenging given
the inherently thin myopic sclera. Retrobulbar injection
is a relatively safe procedure and could potentially re-
place subscleral injection, but it would only add me-
chanical stability to the tissue back to the sclera, similar
to PSR, but it is not able to participate in the signaling
between retina and sclera, due to the deposition of cells
outside the globe. Targeting Sub-Tenon’s space would
be another strategy, as it was used for delivery of
chemotherapeutic drugs [71] or local anesthesia [72,
73], but it could obstruct eye lymph circulation and
cause cell leakage to the lymphatic system. Therefore,
that location would prevent a fine-tuned response to
the dynamic needs of the eye and potentially better
compliance with the vision apparatus. Thus, subscleral
stem cell deposition is most promising in order to over-
come the limited results of PSR, and offers hope for a
more profound therapeutic effect. However, the above-
mentioned alternative routes could also be considered
when planning therapeutic interventions.

Mesenchymal stem cells (MSCs) have been success-
fully used in several clinical applications targeted at
regeneration/reconstruction of connective tissue, and
the reported properties of MSCs make them excellent
candidates for scleral reinforcement. Technically, trans-
plantation of autologous MSCs is a relatively easy and
safe procedure, which could be routinely applied in mil-
lions of myopic children to halt the progression of dis-
ease. The strategy would include MSC derivation from
bone marrow, fat, or other convenient and robust au-
tologous sources (more research is needed to identify
the most efficient cell source), cultured until the appro-
priate characteristics of cells are achieved, and then
transplanted using a hollow micro-needle into the sub-
scleral space. However, the naive autologous stem cells
may carry a genetic load; thus, the in vitro cell repair or
the use of allogeneic cells would be an alternative, but
that would require immunosuppression, as MSCs are
not necessarily immunoprivileged [74].Transplanted
cells would be expected to differentiate into fibroblasts
that produce an extracellular matrix, to reinforce the
sclera and prohibit eyeball elongation, thus preventing
or halting myopia. The sclera contains MSCs [75]. Thus,
an alternative approach would be to stimulate and re-
cruit endogenous stem cells to differentiate into fibro-
blasts. Upon appropriate induction, they would contrib-
ute to strengthening of the sclera [75].

Stem cell-based eye signaling

While scleral reinforcement by MSCs is an attractive
concept, alternative or supplementary stem cell-based
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therapies could also be used to prevent the progression
of myopia. As mentioned above, there is dynamic cross-
talk between the retina and the sclera, and one of the
proposed mechanisms of myopia development is a dis-
ruption in that signaling. Dopaminergic signaling is cen-
tral to this cross-talk and there is a growing body of
evidence that dopamine also plays an important role in
the growth of eye and regulation and myopia control
[76]. Postnatal eye growth and refraction is regulated
by the feedback mechanism initiated in the retina. For
example, form-deprivation reduces the retinal level of
dopamine, which coincides with myopia development
[77]. The causative effect was further confirmed in an
experiment where the local application of a dopamine
agonist, apomorphine, produced an anti-myopic effect
[78], which was later confirmed to be dependent on D2
receptor signaling [79]. Direct intravitreal injection of
dopamine into the form-deprived rabbit eye also
slowed the progression of myopia [80]. The administra-
tion of a dopamine precursor used in the treatment of
Parkinson’s Disease (PD), L-Dopa, inhibits the develop-
ment of form-deprivation myopia in guinea pigs [81]. In
addition, the protective function of light against myopia
has been shown to be abolished by dopamine antago-
nists [82]. Amacrine cells are a major source of dopa-
mine in the retina [83]. Furthermore, dopamine partici-
pates in the development of lens-induced myopia [84],
but dopamine agonists were not as efficacious in defo-
cus-induced myopia as in form-deprived myopia [85]. A
recent report indicates an additive effect of GABA an-
tagonists with dopaminergic agonists to inhibit myopia
development [86]. Since light induces dopamine pro-
duction, it was speculated that enhanced dopamine
production is the key factor by which outdoor activities
prevent myopia [87]. Finally, since refractive error in
adolescence is related to a low risk for schizophrenia,
probably because of the low constitutive production of
dopamine, additional indirect proof of dopaminergic
involvement in myopia development is suggested by
this genetic study [88].

Because of the evidence that dopamine plays a cen-
tral role in the pathomechanism of myopia, it may be
prudent to capitalize on the considerable expertise that
has developed over the past few decades in stem cell-
based therapy for Parkinson’s disease (PD). Highly func-
tional dopaminergic cells were isolated from fetuses
over a quarter century ago, and, more recently, from
more abundant sources, such as embryonic stem cells,
and the induced pluripotent stem cells. Thus, dopamin-
ergic cells are abundantly available for possible treat-
ment of myopia (Fig. 3). In addition, the ability to genet-
ically engineer stem cells [89] allows for the induction of
virtually any kind of cell, including MSCs, to produce
dopamine. This introduces the opportunity to combine
the benefits of both the supportive role of MSCs with
dopaminergic signaling. It has already been shown that
lentivirus-mediated transduction of MSCs, with a gene
encoding tyrosine hydroxylase (TH), was effective in
experimental PD [90]. The same strategy could be ideal-
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ly suited to halt myopia. The system for conditional
transgene silencing, similar to that employed in clinical
trials for stem cell therapy of stroke [91, 92], would be
an additional advantage as a safety mechanism to turn
off dopamine signaling. Another option would be opto-
genetics [93], which could switch on dopamine produc-
tion only in the presence of light, acting as a kind of
light effect enhancer, but could switch off in the lack of
light, preventing toxicity from prolonged exposure of
the sclera to dopamine.

In addition to dopaminergic signaling, the anti-
myopic effect of bFGF, and co-transplantation of cells
producing bFGF [94] could also be considered [95] to
help the survival and function of dopaminergic cells.
Notably, these cells do not activate TGF-beta signaling,
a possible susceptibility pathway for severe myopia
[96]. Finally, retinoic acid has also been proposed as a
possible mediator between refractive error and com-
pensatory eye growth, and thus, could also be poten-
tially targeted by stem cell therapy.

Preclinical studies

The proposed stem cell-based therapies of patients with
myopia need to be preceded by extensive preclinical
studies to establish safety and efficacy. There are two
leading models of myopia: form deprivation and lens-
induced myopia. It is likely that a combination of the
two would best represent the environmental conditions
leading to myopia and therefore would be experimen-
tally useful.

Due to the nature of this experimental technique, it
is critical to carefully select an appropriate animal mod-
el. Although various species have been used in the past
for myopia research, it would be optimal to select an
animal with an eye size comparable to that of humans,
and also one that is relatively low cost and deemed rea-
sonable acceptable by society for use in research. The
porcine model seems to fit these requirements and
would likely be an excellent option. Additionally, in re-
cent years, there has been significant progress in the
generation of transgenic swine, particularly by the NIH
National Swine Resource and Research Center (NSRRC)
(http://www.nsrrc.missouri.edu/). This opens the pos-
sibility to generate pigs with targeted knockout of genes
implicated in severe myopia, to further improve the
preclinical study of potential therapies for myopia.

Ethics and safety

Ethics and safety are also very important issues. Obvi-
ously, at this stage, there are no data demonstrating
that the proposed approach is feasible. While, initially,
the method of subscleral cell injection may seem to be
risky for existing eyesight, the procedure of subscleral
injection is simple and cell distribution may be favorable
while not endangering overall sight.. Thus, the proce-
dure may not need to be treated as a surgery, but ra-
ther as a relatively non-invasive outpatient needle injec-
tion. The choice and production of appropriate stem
cells is currently still under debate, but as we learn
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more, the choice is expected to be more clear and per-
haps even personalized, which may dramatically de-
crease the cost of therapy. If the method is proven safe,
it may be then applied also for mild myopia to com-
pletely eradicate the “disease” our population. This
maybe comparable to administration of vaccines, which
are given to children in order to prevent disease occur-
rence at an older age. Needless to say, any of the dis-
cussed approaches should be extensively tested in pre-
clinical models prior to their translation to patients.

An alternative approach — gene therapy?

Gene therapy is a potential alternative approach for the
treatment of high myopia, but would be complex due to
genetic heterogeneity. Although we are unaware of any
published data on this strategy to date, there would be
several challenges for this approach. Multiple loci relat-
ed to myopia have been identified and in some pa-
tients, several loci may be mutated. A personalized ex-
ome-wide study would be necessary to detect the exist-
ing myopia-related genetic abnormalities and custom-
ized, patient-specific solutions would be needed to cor-
rect DNA aberrations. Although the same subscleral
route could be used for delivery of exogenous genetic
material, it would potentially require combinatorial use
of multiple vectors. Overall, gene therapy strategies to
correct the first hit of the double-hit hypothesis are
likely to be cumbersome and cost-ineffective, at least at
this stage of technology development. Thus, developing
novel strategies to address the second hit, such as elim-

inating the consequences of a hostile environment by
the application of stem cell therapy, are more likely to
prove feasible.

CONCLUSIONS

Early onset of myopia, followed by rapid progression
toward high myopia, has become a pandemic in mod-
ern, education-oriented societies. No convenient and
efficient way to halt the progression of myopia current-
ly exists. Since the pathomechanisms of myopia devel-
opment are convergent with stem cell properties, this
correspondence could result in novel therapeutic strat-
egies. The weakness of the sclera in patients with myo-
pia could be reinforced by subscleral injection of MSCs,
and the preventive role of dopamine could be exploited
by transplantation of MSCs that produce dopamine.
Therefore, stem cell therapy represents a promising
new strategy to halt the progression of myopia, particu-
larly among the school-age population.
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Figure 1. Schematic representation of severe myopia development, and the role of stem cell therapy in limiting dis-
ease progression. Note the gradual elongation of the eyeball and the scleral thinning over time, and the perspective
for halting the disease progression in case of early administration of therapy.
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Figure 2. Graphic depicting the details of cell deposition (blue) within the subscleral space. A) Initial injection of the
cell suspension, with gradual deposition of the payload within the subscleral space (B), which is eventually fully filled
with the stem cell suspension (C). Inset shows the direct location of the needle tip with relation to the sclera, the cho-
roid, and the ciliary body.
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Figure 3. Mechanisms for the prevention of myopia progression that can be exploited with the application of stem
cell-related therapy. These include the incorporation of injected MSCs into the structure of the sclera with direct me-
chanical support (left column), and, through the production of dopamine, indirect stimulation of the scleral tissue,
which, in turn, may prevent eye elongation (right column).
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