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receptors, influence the processing of vitamin A, which leads 
to an accumulation of the toxic bisretinoid A2E, known as vi-
tamin A dimer. This state results in necrosis of the retinal pig-
ment epithelium and photoreceptors (22). Mutations in the 
genes ELOVL4 and PROM1 are very rare and are linked with 
pathologies similar to Stargart disease (19, 23). 

To date no effective treatment is available for Stargardt di-
sease. It is recommended that patients protect their eyes using 
sunglasses against intensive blue light and ultraviolet radiati-
on, which can cause an increased accumulation of toxic com-
pounds in the retina. Increased consumption of foods rich in 
vitamin A and vitamin A supplements are unsuitable  (14).

New therapeutic methods are being developed intensi-
vely. Some have already advanced to the stage of clinical 
testing, which as a rule is in several phases. In phase I safety 
is monitored and the maximum tolerated dose is stipulated. 
It is mostly conducted on one non-randomised group of vo-
lunteers. In phase II the effective dose of the drug is deter-
mined, again mostly within the framework of a non-rando-
mised trial, used on patients. Phase III compares the efficacy 
of the new drug with the standard therapy, and testing is 
conducted on two groups of patients. One group is treated 
using standard therapeutic procedures, the second group is 
administered the new treatment and classification and eva-
luation is generally double-blind. On the basis of the results 
of this phase the drug may be registered. In the final phase 
IV, adverse effects of the drug are monitored following re-
gistration and upon long-term use (https://clinicaltrials.gov/
ct2/about-studies/learn) (10).

INTRODUCTION

Stargardt disease and its variant fundus flavimaculatus are 
hereditary pathologies of the retina which afflict the pigment 
epithelium and photoreceptors, with an approximate inci-
dence of 1 case per 10 000 of the population. The pathology 
is manifested in a reduction of central visual acuity, which ty-
pically originates in childhood or early adolescence, although 
manifestation may also occur at a later age (25). A characte-
ristic clinical finding is the presence of yellowish stains in the 
macula and diffusely around the entire fundus together with 
thinning of the layers of the retina in the macula (13, 16). The 
macula takes on the appearance of wrought metal and a scar 
gradually forms with yellow stains of a character of lipofuscin 
deposits around the edges. The most reliable clinical method 
enabling the identification of Stargardt disease is considered 
to be examination of autofluorescence of the ocular fundus, 
which manifests a malfunction of distribution. In the areas 
of accumulation of lipofuscin deposits, autofluorescence is 
accentuated, whereas by contrast it is lacking in areas of atro-
phy of the RPE, around which there are irregular grainy areas 
(12). Optical coherence tomography, fluorescence angiogra-
phy, examination of the visual field and electroretinograhpy 
are also used in diagnosis, and may provide further useful 
information.

Stargardt disease manifests a recessive type of heredity. It 
is conditioned by mutations in the gene ABCA4, which codes 
the protein sharing in the transport of used parts of photore-
ceptors. Mutations in this lipase, which is specific for photo-
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a waste cytotoxic product of the metabolism of the outer 
segments of the photoreceptors has not yet been fully 
clarified. It is thought that it is generated in the outer 
segments of the rods as a by-product of a reaction which 
takes in the retinal chromophore rhodopsin. Lipofuscin is 
a compound of partially digested proteins and lipids, and 
accumulates in the endosomal compartment of the RPE. 
Its sole known component is bisretinoids, condensation 
products of two retinal molecules (1).

Stargardt disease occurs on a background of the pre-
sence of mutations in a single gene, and thus concerns a 
monogenic pathology, which is appropriate for gene the-
rapy. However, a drawback of ABCA4, mutations of which 
cause Stargardt disease in the great majority of patients, 
lies in the fact that this is a large gene which is not sui-
table for transmission via adeno-associated viral (AAV) 
vectors, which have hitherto been viewed as the most su-
ccessful in gene therapy of monogenic ocular pathologies 
(2). As a result, new AAV vectors, lentiviral vectors and 
non-viral compact DNA nanoparticles are being develo-
ped (9). The last two in particular have a large capacity 
and their use has led to a positive influence on the course 
of the pathology in Abca4 (-/-) in a model on mice (8, 11).

With regard to the fact that Stargardt disease originates 
on a background of oxidative damage to the retinal cells, 
the third therapeutic approach ensues from trials which 
have indicated that saffron has a neuroprotective effect 
(5, 15). Specifically it has been determined that sown sa-
ffron stigmas contain high concentration of a number of 
chemical compounds, including crocin and crocetin, the 
multiple C=C bonds have antioxidant potential. In addi-
tion, it is known that these compounds do not have side 
effects and their application is safe (7).

A considerable amount of hope has been invested in 
therapy using stem cells, which have the capacity to con-
vert into any cell type, in a range of other disciplines as 
well as ophthalmology. Clinical trials applying human 
embryonic stem cells terminally differentiated into re-
tinal pigment epithelial cells have been registered for 
Stargardt disease. Various doses of cells are transplan-
ted in patients subretinally, within the range of tense of 
thousands, and their healing, visual functions of the pa-
tient and complications of therapy are observed (17, 18). 
Another trial is testing the use of stem cells derived from 
bone marrow in ophthalmology. Candidates are patients 
with a whole range of pathologies, in addition to Star-
gardt disease there are also various hereditary or acqui-
red retinopathies and optical neuropathies (20, 21). In 
the case of Stargardt disease, retrobulbar, subtenon and 
intravitreal application of cells is being tested. Local eye 
therapy is followed by the intravenous application of cells 
(S. Levy, Margate, USA, personal communication).

It is necessary to note that the process of using stem 
cells has a range of drawbacks, which amongst other 
factors include the immune response, which may repre-
sent a significant problem influencing the results of the-
rapy. As a result, research utilising induced pluripotent 
stem cells is also taking place, residing in the fact that the 
patient's own stem cells are taken, e.g. fibrocytes from 

OBJECTIVE

The objective of the study is to present an overview of the 
newly developed methods of treating Stargardt disease, in 
which clinical testing on patients has already been commenced.

MeTHODS

We searched the international clinical trial register (www.
clinicaltrials.gov) for the keyword “Stargardt”.

ReSUlTS

As of 9 September 2015 we had found 20 records of cli-
nical trials testing new drugs and methods for Stargardt di-
sease, a summary of active studies is presented in Table 1.

The clinically tested therapeutic procedures are focused 
on a number of different biological mechanisms. The first 
sets as its objective to prevent the generation of toxic di-
mers of vitamin A in the eye, without at the same time in-
fluencing the physiological process of conversion of vitamin 
A, which is essential for the correct function of the retina. 
Patients are administered the substance C20-D3-retinyl ace-
tate (ALK-001). This concerns chemically modified vitamin 
A, substituting natural vitamin A. 

The second procedure is gene therapy, which sets as its 
objective compensation for the reduced or zero function of 
the mutated gene ABCA4 by the introduction of a fully func-
tional copy with the help of vectors. 

Substances acting neuroprotectively, i.e. protecting the 
retinal cells against damage by photo-oxidation such as sa-
ffron, are also being tested. The ongoing clinical trial is de-
termining the influence of short-term supplementation by 
saffron on the retinal functions in patients with Stargardt 
disease or fundus flavimaculatus. These three above-menti-
oned procedures relate to patients with relatively well pre-
served retinal functions, with the aim of slowing or halting 
the progression of the disease.

The last approach is stem cell therapies, which are being 
developed for patients with an advanced finding, i.e. necro-
sis of a large proportion of cells of the retinal pigment 
epithelium and photoreceptors, the objective being to re-
place already expired cells.

DISCUSSION

The newly developed therapies of Stargardt disease are 
aimed at a range of various different approaches, from 
preventing the formation of toxic metabolites (6) throu-
gh substituting the function of a defective gene (2), neu-
roprotection of the retina (5) up to the replacement of 
dead cells, which have been reprogrammed into a pheno-
type of the retinal pigment epithelium (24).

By exchanging three hydrogen atoms for deuterium in 
vitamin A, a deuterated vitamin A termed ALK-001 has 
been developed, which prevents the generation of toxic 
vitamin A dimers, leading to a reduction of the formation 
of lipofuscin without influencing the retinal function (6). 
The mechanism of formation of lipofuscin in the retina as 
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in humans. For example, only recently it was demonstrated 
that gene therapy of the mutated gene RPE65, in contrast 
with the model on dogs, has no long-term effect on hu-
mans. The examiners are of the view that the applied dose 
was most probably too low for humans (3). 

CONClUSION

Even despite the shortcomings in connection with new thera-
peutic procedures, the developments to date are bringing hope 
that effective treatment of pathologies conditioned by mutati-
ons in the gene ABCA4 can be expected in the near future.

This study was supported by the grants SVV UK 260148/2015 
and UNCE 204011.

the skin, which are reprogrammed in tissue cultures via 
an intermediate degree of stem cells into cells of the re-
tinal pigment epithelium or photoreceptors. The launch 
of clinical trials using induced pluripotent stem cells is 
expected in the very near future (24).

With the development of new targeted therapies, the-
re is increasing significance of diagnosis on a molecular 
genetic level. Due to the risk of failure of treatment or 
potential damage, especially in the case of invasive gene 
therapies, the determination of causal mutation confir-
ming clinical diagnosis is with only one exception a condi-
tion for inclusion in active clinical trials (Table 1). 

For all newly tested therapies it applies that even the best 
results on animal models preceding clinical trials testing a 
given drug or therapeutic method do not guarantee success 
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