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REVIEW

INNOVATIVE STRATEGIES FOR 
TREATING RETINAL DISEASES

SUMMARY
Objective: The aim of this comprehensive paper is to acquaint the readers 

with innovative approaches in the treatment of retinal diseases, which could 
in the coming years to get into clinical practice. Retinal prostheses, retinal 
pigment epithelial (RPE) transplantation, gene therapy and optogenetics will 
be described in this paper.

Methodology: Describing the basic characteristics and mechanisms of 
different types of therapy and subsequently literary minireview clarifying the 
current state of knowledge in the area.

Results: Retinal prostheses, RPE transplantation, gene therapy and 
optogenetics offer yet unexplored possibilities and are considered as the 
future of treatment of retinal diseases where classical pharmacotherapy 
or surgical treatment are no longer sufficient. However, all these methods 
challenge not only in the innovative technical implementation itself, but 
also for the ethical, administrative and economic demands.

Conclusion: There will be certainly interesting development in the treatment 
of retinal diseases, but it is not possible to fully estimate which modality of 
treatment will be dominant in the future.

Key words: optogenetics, induced pluripotent cells, retinal prostheses, gene 
therapy
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INTRODUCTION

The retina, due to its unique position and good accessibility for exami-
nation is a very popular target for innovative procedures, primarily of gene 
therapy, optogenetics, cell therapy and bionics. In the following text we shall 
present the principles of functioning of these therapeutic modalities and an 
overview of the current state of knowledge, using selected examples. 

OBJECTIVE

To acquaint readers with innovative approaches in the treatment of reti-
nal diseases. The article will describe retinal prostheses, transplantation of 
retinal pigment epithelium (RPE), gene therapy and optogenetics. 

METHODS

Literary research on the given theme, with emphasis on the mechanisms 
of functioning of individual therapeutic modalities and ongoing clinical trials.  

RESULTS

Cell therapy
Age related macular degeneration (ARMD), Stargardt’s disease or for exam-

ple retinitis pigmentosa. Although these are different clinical pathologies, in 
all of these cases we find damage to the retinal pigment epithelium (RPE) 
[5]. This concerns a single layer localised on the Bruch’s membrane, which 
is responsible for maintaining homeostasis of the photoreceptors. Despite 
considerable advances in pharmacotherapy of retinal pathologies (e.g. vas-
cular endothelial growth factor inhibitors), in many patients attempts have 
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Fig. 1. Basic differences between cells of retinal pigment epithelium (RPE) from embryonic stem cells and induced 
pluripotent stem cells. Whereas we obtain induced pluripotent stem cells from somatic cells, typically mesenchy-
mal cells from the skin of the donor (in the case of autologous transplantation the donor is also the recipient), we 
take embryonic cells from a blastocyte after fertilisation of the oocyte. Then we cultivate the pluripotent cells with 
the aid of appropriate growth mediators in a direction toward the RPE.

failed to stabilise the condition of patients with afflicti-
on of the RPE. As a result, with regard to the substantial 
advances in cell therapy, methods of RPE transplantation 
are coming to the forefront. In recent years several rese-
arch centres have focused on these procedures, and their 
proof-of-concept evidence is generally accepted.

The first isolation of the RPE was conducted almost four-
teen years ago [12], and so the fundamental characteristics 
of the cells are now well known. Unlike other retinal cells, in 
the case of the RPE synaptic connection is not required for it 
to perform its function, and as a result and due to the easy 
possibility of examining the cells, for example with the aid 
of optical coherence tomography (OCT), RPE transplantati-
on has become an attractive target for cell therapy.

At the beginning of the study there was an attempt to per-
form an autologous transplantation (e.g. autologous RPE-cho-
roidal graft or subretinal injection of a suspension of autolo-
gous RPE cells) or macular translocation. Despite the fact that 
some authors have described a partial improvement of visual 
functions [30], in clinical practice these procedures are not 
widespread due to the high incidence of adverse complicati-

ons (haemorrhage, proliferative vitreoretinopathy, retinal de-
tachment, distorsion of image in macular translocation, poor 
apicobasal orientation in suspensions of cells) [16,21,40]. 

Thanks to advances in surgical techniques and cellular 
biology, we now have the option of transplanting also 
other than autologous cells. In the literature we most of-
ten encounter human embryonic stem cells (hESC-RPE) 
[32] and human induced pluripotent stem cells (iPSC-RPE) 
[6]. We obtain embryonic cells after the fertilisation of an 
oocyte by sampling from a blastocyte, whereas we obtain 
induced pluripotent cells by reprogramming of a somatic 
cell, typically a fibroblast [36]. In 2012 the Nobel Prize was 
awarded for this discovery (Shinya Yamanaka, Sir John B. 
Gurdon). The resulting product of both methods is a pluri-
potent cell, which we can then direct toward development 
in the RPE. The main advantage upon use of iPSC-RPE is 
that it concerns an autologous source, and as a result it is 
not necessary to burden the patient with immune suppre-
ssion. On the other hand, a disadvantage is the age of the 
cell (the source cell is the same age as the patient from 
whom it is taken), the same genetic makeup (persistence 
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of any applicable genetic abnormalities) and the as yet 
uncertain teratogenic potential (lack of long-term data) 
[20]. The use of hESC-RPE is an advantage above all if it is 
desirable to transplant cells with a different genetic basis 
(genetically conditioned pathology, including mitochond-
rial), though naturally immune suppression is necessary. 
The main differences between iPSC and hESC are summa-
rised by fig. 1 and table 1.

A second critical moment in cell therapy of the retina is 
surgical technique. Today there are three main directions 
in research: 1. subretinal injection of cellular suspension, 2. 
subretinal implantation of cell plate in form of epithelium, 
3. subretinal injection of cell plate on supporting carrier (Fig. 
2). Whereas injection of a cellular suspension is technically 
relatively simple, it is not possible to estimate entirely ac-
curately whether the implanted cells will have the correct 
apicobasal orientation, and whether they will be capable of 
forming a functional monolayer with sufficient transepithe-
lial resistance (TER, which indicates the resistance measu-
red between the apical and basal side of the epithelium, in 
which the value is generally considered an indicator of the 
integrity of the epithelium). A role is played in this process 
among other factors by the Bruch’s membrane, which is of-
ten pathologically altered in affected patients [37]. Subre-
tinal implantation of a cell plate with or without a suppor-
ting carrier requires a demanding surgical technique, which 
however is balanced by correct apicobasal orientation and 
in vitro measurable TER, the values of which may help us in 
advance to determine the quality of the implanted cells. If 
we implant without a supporting carrier, the cell plate may 
roll up perioperatively and the cells peel off. If we use a sup-
porting carrier, handling is easier [21], but it is necessary to 
select a sufficiently porous carrier so as not to form a barrier 
to the diffusion of nutrients and waste substances. 

At present a number of clinical trials are currently 
under way, here we present one representative of each 
examined direction.         

In 2016 Schwartz et al. published results of subretinal in-
jection of hESC-RPE suspension into 18 eyes of 18 patients 
with dry form ARMD, Stargardt’s disease or myopic macu-
lar degeneration. Cells were injected into a locality selected 
in advance on the interface of a healthy and pathological 
retina. Although pigment clusters were perceptible on the 
retina following application, increased autofluorescence 

from the baseline condition, which is considered activity 
of RPE, was determined in only one case. Despite the fact 
that this was a study primarily focused on safety, a gain of 
14 letters of ETDRS (Early Treatment Diabetic Retinopathy 
Study) optotypes was recorded in treated eyes in the 12th 
month in comparison with a gain of 1 letter in the untrea-
ted eyes. The frequency of adverse effects was relatively 
low (1 endophthalmitis, 1 vitritis). It was necessary to use 
general immune suppression [33].

One year later, a study from Japan [26] was presented, ac-
companied by considerable media interest, in which iPSC-R-
PE were used for transplantation. Originally fibroblasts were 
taken from two patients with advanced wet form ARMD, and 
subsequently iPSC-RPE were cultivated from them. However, 
implantation was performed only on one of the patients. The 
second patient did not undergo the procedure due to the 
large amount of genetic mutations in the cultivated cells and 
fears of subsequent formation of a teratoma. One year after 
implantation the cell plate was stable, but visual acuity was 
unchanged. Immune suppression was not necessary [26].

In 2018 a study was presented within the framework of the 
still ongoing London Project to Cure Blindness. This concer-
ned phase I, with the use of hESC-RPE on a coated synthetic 
carrier [8]. This study presented the results of implantation of 

Table 1. Basic differences between embryonic stem cells and induced pluripotent stem cells (19)
Embryonic stem cells Induced pluripotent stem cells

Source of cells Allogenic Autologous
Age of cells Embryonic Same as donor
Risk of rejection Slight Low
Transmission of genetic mutation of recipient No Yes*
Risk of malignant proliferation Low Unknown
Potential of differentiation in RPE Yes Yes

* in the case of autologous transplantation of induced pluripotent stem cells
RPE – retinal pigment epithelium

Fig. 2. Surgical technique of retinal pigment epithelium 
transplantation. Application of cellular suspension (A), self-
-supporting cell plate (B), cell plate on artificial supporting 
carrier (C)
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2 eyes of 2 patients with extensive subretinal haemorrhage, 
in whom a subretinal carrier was implanted with monolayer 
hESC-RPE. In both cases there was an improvement of visual 
acuity (VA) by 29 and 21 letters of ETDRS optotypes respecti-
vely, however in one eye retinal detachment occurred, which 
required a further procedure, and in one patient decom-
pensation of pre-existing diabetes mellitus occurred due to 
the influence of immune suppression.

As of today we do not have results available from lar-
ger clinical trials with the use of stem cells, nevertheless 
with regard to the initial results and large quantity of on-
going preclinical trials we can expect an advance in the co-
ming years. With regard to surgical technique, the most 
advantageous appears to be a procedure with the use of a 
supporting carrier. Analogous experiments are taking pla-
ce also in the Czech Republic, and following the phase of 
initial implantations [31], at the Institute of Animal Physio-
logy and Genetics of Czech Academy of Sciences nanofibre 
carriers with dimensions of 2 x 5  mm [19] are being im-
planted, now also with iPSC-RPE or primary human RPE. 
The results shall be available within the following months. 

Retinal prostheses
These are appliances that are capable of converting a li-

ght signal entering the region of the eye into an electrical 
stimulus via a device placed on the retina. The typical target 
of stimulation is not the photoreceptors, which are mostly 
lacking due to the influence of the pathology, but some of 
the higher embedded cells such as the retinal bipolar ce-
lls (RBCs) and retinal ganglion cells (RGCs). The processing 
of the signal by the retina itself is thus partially impaired, 
in which the transmission of the signal from the photore-
ceptor to the bipolar cell and subsequently the ganglion 
cell is modified by a large amount of further factors such 
as e.g. amacrine or horizontal cells (i.e. processing). Retinal 
prostheses are mostly divided according to location into 
epiretinal, subretinal and suprachorideal (Fig. 3). Epiretinal 
prostheses are an advantage with regard to their easier sur-
gical access and easy activation of the ganglion cells. On the 
other hand, a disadvantage is their entirely uncontrollable 
processing of the image by the retina, in which in addition 
to the ganglion cells themselves, the surrounding axons are 
also activated and the signal does not appear as a luminous 
spot [28]. Subretinal prostheses are the opposite of epireti-
nal prostheses. Here we must be prepared for a demanding 
surgical technique, nonetheless the remaining photorecep-
tors are activated, or alternatively the RBCs, and the signal 
therefore does not circumvent processing in the retina [22]. 
Suprachoroideal implants are used less frequently, primarily 
due to the surgical demand factor and greater distance of 
the electrodes from the retina. Today the most commonly 
presented implants are Argus II (Second Sight, Sylmar, USA), 
Alpha AMS (Retina Implant AG, Reutlingen, Germany) and 
Photovoltaic Retinal Implant (PRIMA) Bionic Vision System 
(Pixium vision, Paris, France).

The most widespread implant is the Argus II, which has 
been implanted in more than 200 patients. This is an epire-
tinal implant with electrodes placed in six rows of ten. It is a 

camera attached to special glasses, generating a signal that 
is modulated in an external device. Subsequently the signal 
is transmitted by a radio frequency via a spool into a subcon-
junctivally implanted receiver, which is further transmitted 
transsclerally to the actual implant stimulating the retina 
[1]. The best documented visual acuity was only 20/1260, 
nonetheless the implant markedly improved the patient’s 
spatial orientation or for example searching for objects on a 
table [15]. The most common adverse effects include erosi-
on or dehiscence of the conjunctiva, presumed endophthal-
mitis or hypotonia of the eye. Cases of perceive discrepancy 
between the fixed image from the camera and eye move-
ment outside of direct gaze have also been reported.

The PRIMA system uses a different principle. Special gla-
sses with a camera record the image, which is subsequently 
modulated and with the aid of a projector in the glasses sent 
in the form of infrared rays to a subretinally implanted wire-
less photovoltaic plate, which converts photovoltaic energy 
into electrical energy stimulating nearby neurons [22]. It is 
theoretically possible to obtain visual acuity of 20/200 with 
this implant. Three-year clinical trials were commenced in 
Europe and the USA (always five patients) in 2017 and 2018 
respectively, and the results can be expected in 2021.

The last representative is Alpha AMS. This subretinal im-
plant detects light and at the same time electrically stimulates 
primarily the bipolar cells. Energy is supplied by a transscleral 
cable, which leads subcutaneously behind the ear and is re-
miniscent of a cochlear implant. Here it is charged via a spool. 
The advantage of this implant is that it respects ocular mo-
vements. Average visual acuity with this implant is 20/1200, 
even if values of 20/550 have been recorded [11,35,42]. The 
Alpha AMS is no longer available, since it did not meet the 
commercial requirements of the manufacturer.

The main differences and specifications of retinal im-
plants are summarised in table 2 [3].

Gene therapy
The possibility of determining a diagnosis on the le-

vel of genes, and clinical testing of new targeted the-
rapies has enabled the establishment of genetically fo-
cused clinical care in ophthalmology. Therapies based 

Fig. 3. Anatomical localisation of retinal prostheses. Reti-
nal prostheses can be implanted epiretinally (A), subreti-
nally (B) or suprachoroideally (C)
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on knowledge of the genetic cause of the pathology 
represent an entirely new approach. With regard to 
its easy accessibility, small dimensions, immunological 
privilege, compartmentalisation and possibility of con-
tralateral control, the eye is an ideal organ for clinical 
evaluation [9]. Gene therapy is a therapeutic procedure 
in which genetic material is introduced into the geno-
me of cells, replacing or influencing the expression of 
the protein involved in the pathogenesis of a specific 
pathology. For the development and utilisation of gene 
therapy it is necessary to determine the gene responsi-
ble for the onset of the pathology and to know its fun-

ction. If the cause of the pathology is a deficiency of a 
product of a mutated gene, it is sufficient to incorporate 
normal sequencing of the gene into the genome of the 
relevant cells (Fig. 4A), or to alleviate manifestations of 
the pathology by introducing a therapeutic gene (Fig. 
4B). However, if an altered product of a mutated gene of 
the character of an aberrant protein has a pathological 
effect, it is necessary either to block the mutated gene 
(Fig. 4C) [2] or correct it (Fig. 4D) [9,38]. At the same 
time, treatment must not have negative impacts on the 
vitally important functions of the organism. 

Gene therapy can be performed either in vivo, in which 

Table 2. Comparison of most commonly used retinal prostheses
Argus II Alpha AMS PRIMA

Resolution 60 pixels 1600 pixels 142 pixels
Anatomical localisation Epiretinal Subretinal Subretinal
External camera Yes No Yes
Energy source Yes Yes No
Intraorbital cabling Yes Yes No

Fig. 4. Strategies used in gene therapy [8,37]
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the target cells are a part of the organism throughout 
the entire period of treatment, or in vitro, in which the 
target cells are removed from the body of the organism, 
and following the performance of therapy are returned 
to their original location [17]. A condition for success 
is the application of treatment within the “therapeutic 
window”, when irreversible damage to the tissue has 
not yet taken place.

Genetic information is transmitted into the target ce-
lls with the aid of carriers known as vectors. An ideal 
vector should penetrate into a large number of target 
cells and the expression of the introduced gene should 
take place for a sufficiently long period of time, in order 
accomplish the required therapeutic effect. In addition, 
the vector must not be toxic for the target cells or trig-
ger adverse effects in the recipient such as viral infecti-
ons or autoimmune reactions [25].

We divide vectors into viral and non-viral. Due to a range 
of disadvantages of physical and chemical vectors at pre-
sent in clinical trials which are testing therapies for retinal 
pathologies in humans, viral vectors are used, in particular 
adenoviral and retroviral [25]. Genes in connection with 
the pathogenesis and reproduction of viruses are removed 
from viral particles. The genes are then replaced by an ex-
pression cassette prepared modification of DNA [9].

The risk of use of viral vectors consists in the fact that 
genetic information is inserted into the genome more 
or less at random. This may lead to a disturbance of the 
sequence of another gene with functional consequen-
ces. Another problem is the potential immunogenicity 
of viral vectors, causing inflammatory reactions [27]. 
Repeated application of therapeutics into the subretinal 
region also carries the risk of retinal damage or deta-
chment [4]. Determination of the therapeutic dose and 
the amount of applied viral particles is also problematic. 

In the treatment of retinal diseases, intravitreal and 
subretinal injections are most often used for the appli-
cation of vectors. Although application into the vitre-
ous body is less invasive for the retina, transmission 
of DNA takes place especially in the inner layers of the 
retina, thus in the Müller and ganglion cells. The mem-
brana limitans interna and other retinal layers form a 
barrier to the penetration of vectors and pharmaceu-
ticals into the deeper layers of the retina. Subretinal 
application is more suitable for the introduction of 
viral vectors into the layer of the photoreceptors and 
layer of RPE cells, in which the vector is injected into 
a vesicle between the aforementioned layers, and is 
thus in close contact with them [4].

Among the first cases proposed for gene therapy was 
Leber’s congenital amaurosis 2 (LCA2), mainly due to the 
early manifestation of the pathology, the relatively long 
preserved structure of the retina and the availability of 
animal models [24]. LCA2 is an autosomal recessive di-
sease originating upon a background of mutations in the 
gene RPE65 (retinal pigment epithelium-specific 65 kDa 
protein) [13]. This gene is virtually exclusively exprimated 
in the RPE, where it contributes to the recycling of opsin 

and rhodopsin. Insufficient function or absence of RPE65 
subsequently leads to a degeneration of photoreceptors 
[7]. After 2007 the gene RPE65 was clinically tested in gene 
therapy trials [2,14], which culminated in 2017 in the app-
roval of the first gene therapy for clinical ophthalmological 
practice by the American Food and Drug Administration, 
and in 2018 by the European Medicines Agency [18].

In the Czech Republic complex diagnosis and research 
into genetically conditioned ocular pathologies is the 
focus of the Centre for Clinical Ocular Genetics at the 
1st Faculty of Medicine, Charles University and General 
University Hospital in Prague.  

Optogenetics
In the broader sense of the word, optogenetics is defined as 

a technique in which a gene coding a photosensitive protein is 
introduced with the aid of a vector into a neuron cell, as a result 
of which the target cell is subsequently stimulated. In ophthal-
mology, this typically concerns the insertion of a photorecepti-
ve protein into one of the sub-populations of retinal cells [39], 
which primarily do not have a photoreceptive function.

In practice it is first of all necessary to find an appro-
priate photosensitive protein, which we subsequently 
insert into a suitable vector (most commonly adenovi-
ral), and target at the correct cell. The final step is a 
corresponding “illumination” of the treated retina.

It is possible to use two types of opsin as a photore-
ceptive protein: type 1 (microbial) or type two (animal). 
The most commonly used is type 1, which has several 
subtypes, but in principle always concerns an ion cha-
nnel which can be activated by light (e.g. channelrho-
dopsin, halorhodopsin, archeorhodopsin) [10]. After 
activation of the ion channel there is a change in the 
polarisation of the cell and subsequently a transmission 
of the signal further. Type 2 is a photosensitive protein 
coupled with a G-protein. After activation an intracellu-
lar signal cascade of chemical conversions takes place, 
with a resulting opening of the coupled cation channel. 
The main advantage of type 1 as against type 2 is the 
simpler molecule directly containing an ion channel, 
while the disadvantage is the frequently higher de-

Fig. 5. Optogenetics targteted at retinal cells. Incorpo-
ration of photosensitive receptor, in this case channelr-
hodopsin, into the cell membrane of a bipolar cell        

proLékaře.cz | 2.10.2024



CZECH AND SLOVAK OPHTHALMOLOGY 6/2019 293

mands for light intensity necessary for a change of cell 
polarisation.

In the human retina we find more than one hundred 
different types of neuronal cells [41], which interreact 
to a certain degree and thereby ensure complex pro-
cessing of the image before sending the signal further 
to the central nervous system by means of the axons 
of the ganglion cells. All attempts not to adhere to the 
natural procedure of photoreceptor-bipolar cell-gan-
glion cell therefore lead to a disruption of the retinal 
processing of the image, and thus to a reduction of its 
quality. As a result, our endeavour is always targeted 
at the outermost layers of the retina [34]. It is possible 
to use damaged photoreceptors which no longer have 
outer segments (here the preserved processing of the 
signal by the retina is an advantage), or upon circum-
venting this mechanism directly to use the bipolar or 
ganglion cells (Fig. 5).

The final step is the trapping of the light by the treated 
cell. Various channels are sensitive to different wavelen-
gths of light. It is necessary to bear this in mind with 
regard to the possibility of phototoxicity. For example, 
channelrhodopsin is most sensitive in short wavelen-
gths, and like the majority of type 1 channels requires 
a larger number of photon hits. This, together with the 
low proportion of blue light especially under worsened 
light conditions and the lower permeability of these wa-
velengths through the optical environments of the eye 
[29] requires higher light intensity at these wavelengths 
for correct functioning. This can be attained only with 
the aid of an external light source, which may have an 
adverse influence, resulting in phototoxicity.

Two ongoing studies are now registered in the internati-
onal register of clinical trials https://clinicaltrials.gov. 

Phase I/II, sponsored by the Allergan firm (NCT02556736), 
is designated for patients with advanced retinitis pigmen-
tosa, by which a vector coding channelrhodopsin for the 
modulation of the retinal ganglion cells (substance RST-
001) is injected intravitreally. At the time of writing of this 
article, recruitment of patients is still ongoing, with an en-
visaged total number of 21.

GenSight Biologics is currently recruiting patients for a study 
with substance GS030-DP (NCT03326336), which is a modified 
adenoviral vector for modified channelrhodopsin, with sensi-
tivity shifted more to the red spectrum [23], thus theoretically 
guaranteeing a better safety profile with regard to phototoxi-
city. The Pixium Vision company is also involved in the project 
(see PRIMA system above), and it appears that a combination 
of optogenetics and glasses augmenting reality (i.e. the natu-
ral image is supplemented by a digital layer which enables for 
example the accentuation of certain predefined objects) repre-
sents a promising future pathway for reinforcing the effect.

DISCUSSION

Despite the fact that gene therapy, optogenetics, cell the-
rapy and bionic eye are matters rather of the more or less 
distant future and bring with them a large number of unsol-

ved questions, such as financing, effectiveness, indication 
criteria, ethical problems or technological demand factor, a 
number of initial commercial successes have already been 
achieved. The approval of vortigene neparvovec-ryzl as the 
first preparation for causal treatment of genetically condi-
tioned disease has opened up a path for further promising 
products. It is therefore possible to assume that similar 
pharmaceutical preparation will progressively appear on 
the market and that treatment of an ever greater number 
of clinical units will be enabled.

Another good example is the implant Argus II, since 
though its resolution of 6 x 10 electrodes may not seem 
especially overwhelming today is nevertheless conside-
red a prime mover and a “proof of concept” in the field. 
At the same time it has been demonstrated to be techno-
logically very reliable, with no complications caused by a 
malfunction of the instrument appearing in the first three 
years of clinical practice [15]. This has led to a further de-
velopment of more advanced systems, which are now in 
the phase of clinical evaluation (NCT03344848).

Great hopes have been invested in cell therapy, which is 
however more difficult to grasp in comparison with “exact” 
electronic implants, and there is immense variability of re-
sults with regard to the different quality of implanted cells 
and potential complications during the course of highly de-
manding surgical procedures. Uncertainty still predomina-
tes with regard to the safety profile of the cells, and there 
are also fears of possible teratogenicity. Ethical questions 
are also unclear. The implantation techniques are not uni-
form, and large discussions are taking place concerning ar-
tificial carriers for RPE, wherein on one hand manipulation 
of the cells is markedly improved upon the use of a carri-
er, while on the other this represents an artificial barrier 
which prevents the diffusion of substances into and out of 
the retina. A certain way out of this problem could be the 
use of nanotechnologies in the production of a carrier. A 
further issue that is as yet unclear is whether or not to dra-
in off the original RPE cells perioperatively, and here there 
is a complete lack of data.

Optogenetics appears to be an interesting method, 
nonetheless we are still waiting for the first concrete 
results. A disadvantage is low photosensitivity, and it 
appears that this method will have to be supplemen-
ted by an external light source or e.g. glasses enabling 
the sending of an augmented reality image to the retina 
also in a wave spectrum other than visible light, on the 
precondition that photosensitive channels are sensitive 
to such a wavelength. 

CONCLUSION

In the coming years we can expect fascinating deve-
lopments in the treatment of retinal diseases, in which 
the greatest challenge shall perhaps not be technologies 
but rather correct indication for the selection of one of 
the above-described methods, which shall in their final 
consequence be supplemented, and thus offer an alter-
native for patients who cannot be helped at present.
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