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ConnecƟ ve Ɵ ssue disorders are impacƟ ng ocular health – they can be either congenital in 
the case of geneƟ c syndromes or acquired when it comes to autoimmune diseases. However, 
some gene polymorphisms and their variable expression in individuals can cause more 
discrete features leading to an increased risk of ophthalmic diseases developing progressively 
with aging. Collagen is the main component of the extracellular matrix, but various types 
with diff erent biochemical properƟ es are present within the eye and other consƟ tuents that 
interact with each other upon receiving gene-mediated signalling instrucƟ ons.

A literature review was performed across online databases to synthesize current knowledge 
from the last 10 years on geneƟ c mutaƟ ons leading to connecƟ ve Ɵ ssue disorders that aff ect 
ophthalmic pathology. Various combinaƟ ons of keywords and Medical Subject Headings 
were used.

A total of 312 papers were collected using the above search criteria, among which 87 were 
judged relevant to the topic. The interest in ophthalmic geneƟ cs appears to be signifi cantly 
increasing in recent years.

The fi ndings suggest that the relaƟ onships between geneƟ cs, ophthalmic diseases, and 
connecƟ ve Ɵ ssue disorders remain diffi  cult to understand, despite the idenƟ fi caƟ on of 
mulƟ ple loci involved in the disease cascade, including variants of unknown signifi cance. The 
growing evidence that our diet, lifestyle, and environment aff ect our geneƟ c predisposiƟ ons 
to diseases contradicts the idea that these factors are unmodifi able. 

The review highlights that geneƟ c and environmental interacƟ ons underpin many ophthalmic 
connecƟ ve Ɵ ssue disorders, underscoring the need for integraƟ ve genomic and clinical research.
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loss with vision deterioraƟ on. The goal is to discuss 
the complexity of gene polymorphisms and their 
interacƟ ons and degrees of expression, as well as 
further individual diversity within proteomics and 
metabolomics. These factors prove challenging 
when idenƟ fying the exact pathomechanism 
of ocular diseases and developing a convenient 
therapeuƟ c approach.

METHODS

This review was conducted using a systemaƟ c 
approach to idenƟ fy and synthesize current 
evidence on the infl uence of gene polymorphism 
and expression on ocular health. A comprehensive 
literature search was performed across databases, 
including PubMed, Scopus, and Web of Science, 
for arƟ cles published in the last 10 years: between 
August 2015 and August 2025. Keywords and 
Medical Subject Headings terms such as “gene 
polymorphisms”, “gene expression”, “SNP”, 
“glaucoma”, “myopia”, “connecƟ ve Ɵ ssue 
disorders,” and “ECM” were used in various 
combinaƟ ons. Peer-reviewed original research 
arƟ cles, clinical trials, case reports, and relevant 
review arƟ cles were included, provided they 
discussed the role of geneƟ cs in ophthalmic 
pathology. ArƟ cles not available in English, lacking 
full-text access, or focused solely on animal models 
were excluded. Reference lists of key arƟ cles 
were also reviewed to idenƟ fy addiƟ onal relevant 
studies.

RESULTS

The selected publicaƟ ons were criƟ cally 
appraised for methodological quality and relevance 
to the research quesƟ on. 312 papers were analysed 
by the fi rst three authors independently to discard 
duplicates and low-quality arƟ cles, leaving 114 
papers for consideraƟ on, among which 87 were 
accepted by the last co-author. PublicaƟ ons 
showed a marked increase in the last 5 years, 
refl ecƟ ng the rapid growth of research interest 
in the topic of ophthalmic geneƟ cs.

DISCUSSION

The importance of collagen 
in ophthalmology

Collagen is a natural protein and 
a major extracellular matrix (ECM) component. It 
is biocompaƟ ble, biodegradable, and characterized 
by low allergenicity. The eye is built of many 

INTRODUCTION

GeneƟ cs plays a fundamental role in most 
known diseases, and this is equally true in the fi eld 
of ophthalmology. Numerous genes have been 
idenƟ fi ed to cause specifi c pathologies, and many 
more are currently being invesƟ gated. However, 
the presence of mulƟ ple factors decides on the 
eff ect of DNA expression in the organism, called 
the genotype-phenotype correlaƟ on [9]. Firstly, the 
DNA material can be divided into introns and exons 
– acƟ ve and inacƟ ve regions, respecƟ vely. The 
inacƟ vated segments vary from person to person, 
meaning diff erent parts of the geneƟ c material 
determine the anatomy and physiology of each 
person’s Ɵ ssues. Furthermore, the inacƟ vaƟ on 
and reacƟ vaƟ on of DNA are dynamic processes 
that occur throughout one’s lifeƟ me. One typical 
example of this phenomenon is the regional 
silencing of selected parts of the X chromosomes 
in human females [19]. GeneƟ c autoregulaƟ on is 
achieved through diverse mechanisms, either:
– DNA methylaƟ on (selecƟ ve silencing of genes), 
– RNA interference (siRNA binds to mRNA to 

inhibit its translaƟ on; long non-coding RNA e.g. 
IncRNA can silence specifi c genes), 

– genomic imprinƟ ng (only one allele of a gene is 
expressed),

– or chromaƟ n remodelling by histone 
acetylaƟ on, phosphorylaƟ on, ubiquiƟ naƟ on 
(to more compact heterochromaƟ n or 
looser euchromaƟ n, which infl uences gene 
accessibility) [10]. 

Furthermore, genes have polymorphisms, 
which derive from individual alteraƟ ons in the 
paƩ ern of nucleoƟ de pairs: adenine-thymine (A-
T) and cytosine-guanine (C-G) occurring 
in a DNA sequence. AddiƟ onally, the expression 
of genes varies between individuals based on the 
physiological demand. On top of that, intergenic 
interacƟ ons also diff er based on the metabolic 
processes taking place, with environmental, 
lifestyle, and nutriƟ onal factors in play [55]. AŌ er 
DNA is translated into RNA and then transcribed 
into proteins, further molecular interacƟ ons 
determine the onset and severity of pathology. 
This demonstrates why comprehending the enƟ re 
chain of events that causes ophthalmic pathology 
remains challenging and explains why developing 
geneƟ c therapies that do not aff ect other 
physiological processes regulated by the targeted 
genes is so diffi  cult.

This review arƟ cle aims to idenƟ fy studies 
on potenƟ al geneƟ c factors behind ophthalmic 
disorders related to structural defects of the eye 
globe, resulƟ ng in refracƟ ve errors or neuronal 
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local infl ammaƟ on. Ologen, a biodegradable 
collagen matrix implant, is uƟ lized as a patch graŌ  
in glaucoma surgeries to prevent excessive healing 
and fi brosis, thereby enabling fi ltraƟ ng surgeries 
to funcƟ on over a longer duraƟ on [69]. Another 
medical device based on connecƟ ve Ɵ ssue 
transplantaƟ on is Alloplant, where biomaterial 
from deceased donors is being transplanted 
to paƟ ents with various ophthalmic ailments, 
although this technology is of limited viability 
due to low-quality evidence [20]. Drug-delivery 
systems with low immunogenicity are conƟ nually 
being developed to ensure consistent therapeuƟ c 
outcomes independent of paƟ ent compliance.

Collagen dressings or gels can reduce scarring 
and improve healing aŌ er eyelid surgeries or 
trauma. Due to infl ammaƟ on control, some 
diseases are mediated through collagen fi bers, 
such as scleriƟ s and episcleriƟ s. Even lubricaƟ ng 
eye drops contain biosimilar components 
of the ECM. Collagen-based eye drops or gels help 
in cases of dry eye syndrome by stabilizing the 
tear fi lm and protecƟ ng the ocular surface. Some 
treatments (e.g., microneedling, laser therapy) use 
sƟ mulaƟ ng fi broblasts to produce more collagen, 
improving fi rmness and elasƟ city upon proper 
integraƟ on in target skin Ɵ ssues. Dermal fi llers 
are used for periorbital rejuvenaƟ on to reduce 
wrinkles, fi ne lines, and volume loss around the 
eyes due to tear trough deformiƟ es or crow’s 
feet. Unfortunately, the eff ect is only temporary 
due to poorer repair mechanisms related to aging 
and mediated by geneƟ c factors. This necessitates 
repeat treatments, someƟ mes as frequently as 
every few months [7].

Environmental factors and gene 
expression

Gene expression can be modulated by 
environmental factors, including lifestyle and diet 
habits, as well as sun exposure. Ultraviolet (UV) 
radiaƟ on aff ects both the DNA structure and the 
daily cycle regulaƟ on. Air polluƟ on, the presence 
of pesƟ cides, and microplasƟ c consumpƟ on, 
which currently aff ect most people around the 
world, are also signifi cant factors. Viruses and 
other microorganisms can also infl uence gene 
expression [58]. EssenƟ ally, constant modifi caƟ ons 
take place in response to what happens in the 
surroundings. One worldwide issue and a common 
example of this modulaƟ on is dry eye disease, 
which is oŌ en broadly renamed ocular surface 
disease. Problems include worsening vision, local 
discomfort, sƟ nging, and pain. Many treatment 
methods have been developed since every paƟ ent 

collagen types that are either present or absent 
in the remainder of the body. The most abundant 
type I is consƟ tuƟ ng the outer ocular parts: sclera, 
corneal stroma, and lamina cribrosa, while its 
defects are linked with Ehlers-Danlos syndrome 
or osteogenesis imperfecta [49]. Collagen type 
II is essenƟ al to the composiƟ on of the vitreous 
body, and anomalies are connected to SƟ ckler 
syndrome, for example. Type IV collagen is found 
in the lens and glomeruli of the kidneys. Therefore, 
mutaƟ ons can result in Alport syndrome, which 
is characterized by lenƟ conus and nephropathy, 
among other features. Other types of collagen 
are less prevalent, but are sƟ ll present, especially 
in the cornea, and are associated with various 
general disorders, such as atopic dermaƟ Ɵ s and 
epidermolysis bullosa. This suggests that slowly 
progressive pathologies may also be related to less 
signifi cant geneƟ c alteraƟ ons, as they do not cause 
such an evident phenotype. Collagen type VIII is 
mostly represented in corneal endothelium, with 
mutaƟ ons leading to posterior polymorphous or 
Fuchs endothelial corneal dystrophies [70].

Apart from collagens, other key components 
of the ECM provide structural support and facilitate 
intercellular signal transmission. These include 
laminins, elasƟ ns, proteoglycans, fi bronecƟ ns, 
integrins, and hyaluronan. They are essenƟ al for 
Ɵ ssue repair or development, but also adequate 
stretching and contracƟ ng that happens, for 
instance, in vessels to regulate blood fl ow [46]. 
This may be important in cases of glaucoma, where 
the cribriform plate is subjected to pressure from 
both the intraocular and intracranial spaces, which 
has the potenƟ al to squeeze the axons of reƟ nal 
ganglion cells passing through the plate’s pores [2]. 
In this case, ECM remodelling may also worsen the 
risk of Ɵ ssue confi nement. Myopia and glaucoma 
are interconnected disorders. Firstly, they are 
connected by the mechanical stress on the reƟ na 
caused by axial elongaƟ on of the eye globe. They 
may also be induced by a similar set of geneƟ c 
polymorphisms, though this has yet to be proven [6]. 
ConnecƟ ve Ɵ ssue disorders can induce refracƟ ve 
changes, either from scleral/corneal/lenƟ cular 
thinning or deformaƟ on, leading to refracƟ ve 
errors such as myopia, hyperopia, and asƟ gmaƟ sm. 
Reduced mechanical resistance of ocular Ɵ ssues 
can also result in a higher incidence of glaucoma 
and reƟ nal detachments.

At present, collagen subsƟ tutes are fairly oŌ en 
used in ophthalmology. Corneal components from 
human donors or obtained through bioengineering 
are used in keratorefracƟ ve surgery as scaff olds. 
Bandages on the ocular surface can counteract 
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but it can also be generalized in the whole body 
when occurring prenatally and then poses a high 
risk of transmission to the off spring [12,48]. The 
ambiguous process leading to the growth 
of tumours is sƟ ll poorly understood. On the other 
hand, vitamin D is more frequently discussed 
regarding its benefi cial eff ects on overall health, 
with researchers suggesƟ ng specifi c receptor 
polymorphism as a potenƟ al trigger factor for 
ocular surface squamous neoplasia (OSSN) 
[56]. RegulaƟ ng the cell cycle, it induces the 
apoptosis of defecƟ ve cells and downregulates 
proinfl ammatory cytokines in order to eventually 
prevent malignant proliferaƟ on.

Retinal diseases
A ge-related macular degeneraƟ on (AMD) has 

a mulƟ factorial geneƟ c background. Variants 
in genes like CFH, ARMS2 can alter complement 
acƟ vaƟ on, leading to an infl ammatory response 
resulƟ ng in photoreceptor loss [54,63]. Single-
nucleoƟ de polymorphisms (SNPs) contribute to 
the incidence of neovascular AMD and the clinical 
response to treatment [16]. This knowledge 
can help idenƟ fy paƟ ent response to parƟ cular 
drug formulaƟ ons. In this maƩ er, optogeneƟ c 
therapy consisƟ ng of acƟ vaƟ ng bipolar reƟ nal 
cells to act as photoreceptors, can be one of the 
ways to recover vision in those paƟ ents [66] aŌ er 
promising preliminary results. OptogeneƟ cs is 
a technique in which photosensiƟ ve proteins (e.g., 
ion channels, receptors) are geneƟ cally introduced 
into specifi c cells to enable their acƟ vaƟ on or 
deacƟ vaƟ on by irradiaƟ on with light of a specifi c 
wavelength. Among gene therapies, the eff ect 
of the modifi caƟ on of MCO-010, a gene encoding 
a protein that sensiƟ zes reƟ nal bipolar cells to light 
through an AAV vector, has also been studied. 
This gives a chance to retain/regain useful vision 
in individuals aff ected by reƟ niƟ s pigmentosa or 
Stargardt disease. In a preliminary report on 6 
paƟ ents, a 3 dB improvement in the mean reƟ nal 
sensiƟ vity (MD) in the perimetric study was 
achieved, further studies are ongoing [24]. Leber 
hereditary opƟ c neuropathy, which signifi cantly 
impairs the visual acuity of adolescents, is 
on the verge of gaining geneƟ c therapy for its 
most common missense mutaƟ on in mtDNA-ND4 
(m.11778G>A), which will be marketed as Lumevoq 
(lenadogene nolparvovec). Currently, an approved 
geneƟ c therapy exists for treaƟ ng the altered RPE65 
gene, called Luxturna (voreƟ gene neparvovec). 
Both treatments rely on the use of adeno-
associated viruses, helping to incorporate the 
correct gene in reƟ nal cells. Thanks to its relaƟ vely 

has a slightly diff erent mulƟ factorial background, 
but the eff ects are temporary, and the chronicity 
of this disease signifi cantly burdens public health. 
Environmental and lifestyle factors strongly 
infl uence the onset of the disease, making some 
individuals more suscepƟ ble to symptoms or 
reluctant to treatment [65]. The immune response 
is directly triggered by these external elements and 
mediates many diseases that aff ect the eye. The 
age at which a disease becomes prevalent and the 
degree to which specifi c Ɵ ssues undergo apoptosis 
are dependent on gene expression [74].

Genetic polymorphisms
GeneƟ c polymorphisms aff ect the way 

individuals respond to ophthalmic medicaƟ ons 
when they aff ect, e.g., CYP450 enzymes, also 
present on the ocular surface [60],  resulƟ ng 
in diff erent effi  cacy or toxicity in each case treated 
[35]. Polymorphisms related to immune response 
genes can impact the severity of infl ammatory or 
infecƟ ous condiƟ ons, such as uveiƟ s or keraƟ Ɵ s 
[1,40,67]. Based on a basic example, people 
exposed to the same airborne viruses transmiƩ ed 
through the droplet route are going to experience 
either strong debilitaƟ ng symptoms with a runny 
nose and cough, potenƟ ally exacerbaƟ ng to 
laryngiƟ s or pneumonia; on the other hand, 
they may end up having a headache subsiding 
the next day or remain asymptomaƟ c. Recently, 
study methods are oŌ en based on Mendelian 
randomisaƟ on, consisƟ ng of exploring a parƟ cular 
phenotype against geneƟ c variants known to be 
associated with an exposure agent [43]. Therefore, 
geneƟ c polymorphisms are implicated in the 
manifestaƟ on of autoimmune diseases such as 
thyroid eye disease (TED) [14, 26], myasthenia 
gravis [83], mulƟ ple sclerosis [4], and uveiƟ s [27, 
28]. Suspected causes underlying the autoimmune 
cascade of events remain microorganisms, with 
diff erent suscepƟ bility among individuals.

Ocular oncology
Gene mutaƟ ons play an important role in the 

onset of oncological tumours. Exposure to external 
sources of radiaƟ on, such as UV or ionizing 
radiaƟ on, can damage DNA. The induced changes 
should be repaired through repair mechanisms. 
However, if these mechanisms fail, the proliferaƟ on 
of defecƟ ve cells occurs, which can lead to the 
growth of melanoma, for example. However, UV 
was not proven to aff ect neoplasia of the choroid 
and ciliary body similarly to skin melanoma [50]. 
ReƟ noblastoma can be a spontaneous mutaƟ on 
inside reƟ nal cells in infants or young children, 
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pilot candidates in some countries. Transmission 
of hyperopia, myopia, and asƟ gmaƟ sm to off spring 
proves geneƟ cs contribute to these diseases, but 
oŌ enƟ mes they occur in children of unaff ected 
parents, confi rming the theories of selecƟ ve 
gene silencing and environmental factors 
in play. Keratoconus is an example of corneal 
degeneraƟ on causing advanced myopic shiŌ  
with irregular asƟ gmaƟ sm, with known causes 
in atopic and allergic diseases aff ecƟ ng the ocular 
surface, as well as eye rubbing, frequent in young 
individuals with Down syndrome [8]. Genome-
wide studies idenƟ fi ed over 300 mutaƟ ons linked 
with keratoconus, most importantly in genes: 
COL5A1 (causing other connecƟ ve Ɵ ssue disorders 
as well), LOX (also linked to high myopia and 
glaucoma), TGFBI gene (responsible for other 
corneal dystrophies too). FOXO1 and FNDC3B 
genes have been found to be strongly related with 
central corneal thickness.

Plural DNA alteraƟ ons and geneƟ c 
polymorphisms have been associated with the 
onset of myopia [53]. One hypothesis states that 
with more abundant food available in an increasing 
number of countries due to their constant 
development, there is a higher sƟ mulaƟ on 
of growth factors due to more energy sources, 
among which IGF1 is one of the main potenƟ al 
culprits [15] by binding to scleral fi broblasts, 
increasing transcripƟ on of collagen genes. Children 
are reaching greater heights at an earlier age. 
Presumably, their eyes are receiving more sƟ muli, 
just as their bone epiphyses are. The trouble is 
that aŌ er reaching the full height, the globe can 
conƟ nue growing or degeneraƟ on can occur 
much later in life, when matrix metalloproteinases 
cause degradaƟ on of collagen fi bres. Other than 
certain SNPs, insuffi  cient DNA methylaƟ on or 
the acƟ on of non-coding mRNAs, environmental 
factors are also important in myopic pathology, 
and they can dictate specifi c geneƟ c alteraƟ ons 
[28]. Excess near work in childhood with dim 
lighƟ ng condiƟ ons and limited outdoor acƟ vity 
can exacerbate the acƟ vaƟ on of unwanted 
geneƟ c pathways that technically occur as 
a response to physiological demand. This way, 
rising access to educaƟ on in developing countries 
and the focus on building a career through 
hard intellectual work are probably augmenƟ ng 
the prevalence of myopia. Clinical signifi cance 
has been researched regarding the potenƟ al 
of slowing down myopia progression in children, 
where it was demonstrated that the eff ecƟ veness 
of orthokeratology depends on nonsynonymous 
variants in reƟ nal disease-related gene sets 

weak immunogenic response and the blood-reƟ nal 
barrier, the therapy has minimal adverse eff ects.

Polymorphisms can concern more crucial 
genes or larger secƟ ons of the genome, leading 
to an evident phenotypic presentaƟ on, which is 
the case for inherited reƟ nal diseases. MutaƟ ons 
in RHO or USH2 genes are related to severe visual 
incapacity, while the term inherited does not mean 
the parents obligatorily transmiƩ ed the mutaƟ on 
to their off spring, since mutaƟ ons can happen 
spontaneously de novo [11]. ReƟ nal dystrophies 
and some opƟ c neuropathies are also mediated 
by geneƟ c pathology [22,30]. A myriad of genes 
have been idenƟ fi ed as the probable cause, 
though the treatment sƟ ll poses a challenge up 
to this day due to probable complex intergenic 
interacƟ ons [62]. DiabeƟ c reƟ nopathy, a prevalent 
disease in ophthalmology related to the constantly 
increasing incidence of diabetes worldwide, is 
also presumed to have geneƟ c infl uences [42]. 
For instance, epigeneƟ c modifi caƟ ons such as 
methylaƟ on and histone modifi caƟ on can impact 
genes involved in angiogenesis and infl ammaƟ on 
[18], explaining why ophthalmic manifestaƟ ons 
of hyperglycemia are not always directly related 
to blood sugar levels. Sorbitol dehydrogenase 
and microRNA-320a were discovered to be 
downregulated in the diabeƟ c reƟ nopathy 
[5]. Bringing their levels back to normal would 
possibly aƩ enuate reƟ nal vascular leakage and 
infl ammaƟ on mainly by inhibiƟ ng VEGF, IL-6, and 
TNF-α expression.

The impact of genes on the fi brous tunic 
of the eye globe

It has been observed that aviaƟ on professionals, 
especially operaƟ ng jet aircraŌ s, are prone to 
developing specifi c ophthalmic complicaƟ ons, such 
as central serous chorioreƟ nopathy [86]. It is yet 
unclear whether the cause lies in their stressful 
condiƟ ons of work or atmospheric changes related 
to unique gravitaƟ onal forces, vascular perfusion 
alteraƟ ons and hypoxia. Some military pilots 
develop ocular pathologies while their colleagues 
of the same rank do not. This leads us to suspect 
that geneƟ c factors play a key role, and that we 
need to understand these complexiƟ es to avoid 
debilitaƟ ng condiƟ ons that would restrict these 
highly trained and skilled individuals from further 
duty. Certainly, knowledge of these factors 
in candidates beforehand would greatly contribute 
to selecƟ ng the best-suited career pathway.

For instance, refracƟ ve error is impeding some 
career choices. Ophthalmic surgery, aiming to 
correct the visual acuity to emmetropia, disqualifi es 
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discerned in the diagnosƟ c process [17]. The last 
group includes pathologies known as normal 
tension glaucoma [57], where gene polymorphisms 
can aff ect the elasƟ city of blood vessels and the 
cribriform plate. These structures are directly 
implicated in neuronal health. An interesƟ ng study 
diff erenƟ ates two sets of genes: IOP-dependent 
and IOP-independent [31]. Glaucoma is also 
related to the degree of myopia, since posterior 
pole extension stretches the reƟ na along and the 
mechanical stress is harmful to the cells, which 
are losing their juncƟ onal integrity and become 
more prone to IOP-induced damage. Aside from 
genes, metabolism markers were idenƟ fi ed to be 
either protecƟ ve or causaƟ ve of glaucoma [73]. 
Furthermore, due to previous discoveries of gut 
microbiome infl uencing neuropsychiatric health 
– such as Alzheimer or Parkinson disease onset, 
similar connecƟ ons were looked for regarding 
ocular pathologies [33,44], since eyes are 
essenƟ ally extensions of the brain.

Both diseases are supposedly interlinked, since 
myopia is essenƟ ally the selecƟ ve expansion 
of ECM Ɵ ssues in the sclera, while glaucoma due 
to high IOP arises from ECM-lowered support [71]. 
For instance, pigment dispersion syndrome shows 
a strong correlaƟ on of myopia with glaucoma 
[68]. Also, the cornea is oŌ en thinner in glaucoma, 
which is considered a risk factor [34]. On the other 
hand, not all highly myopic paƟ ents have a thinned 
cornea – some of them have less glaucomatous 
damage than hyperopes; the laƩ er may experience 
RGC axonal loss due to confi nement of structures 
within a smaller crowded disc and subclinical 
changes occurring in Ɵ me [25]. So far, there is no 
strong evidence regarding the correlaƟ on between 
corneal degeneraƟ on and glaucoma. A study has 
found pleiotropism of certain SNPs in inducing 
many pathologies (AMD, DR, glaucoma) [81]. Some 
researchers showed cataract is less due to external 
factors than previously thought, but rather part 
of an ocular disease spectrum [36,75]. Obviously, 
ocular trauma hastens cataract formaƟ on when 
the lens capsule loses its integrity. Disturbing the 
fragile electrolyte balance leads to opacifi caƟ on. 
Also, due to the eyes being part of the central 
nervous system, some studies focus on researching 
the connecƟ on between the brain and ocular 
proteomes, fi nding several suspected common 
geneƟ c risk loci [51]. Nevertheless, one needs to 
be aware of intergenic interacƟ ons that can cause 
many illnesses, generalizing to the whole organism, 
so it is easy to get lost in the geneƟ c complexity 
[25].

[78]. The same is probable for atropine, whose 
mechanism is not exactly understood, so this topic 
requires further invesƟ gaƟ ons. Along with the 
defocus incorporated into the mulƟ ple-segment 
spectacles prescribed for children at high risk for 
myopia, the eff ects seem to persist as long as 
the treatment lasts. Then, changes progressively 
revert to the point where risk-matched individuals 
not subjected to treatment would be anyway. This 
indicates that sƟ ll undiscovered geneƟ c factors 
inducing myopia are only halted by the treatment, 
but upon disconƟ nuaƟ on, they get expressed as 
they would be in the fi rst place. 

Pro- and anƟ -infl ammatory factors are 
supposedly somewhat correlated to myopia 
[61,85,87]. For instance, conjuncƟ val allergies 
may increase the risk of eye globe axial elongaƟ on 
this way [38,76]. There is also a potenƟ al role for 
altered signalling in cone-driven OFF pathways 
in myopia development [77,79]. Non-coding 
RNAs and enhancers for refracƟ ve error can 
impact myopia as well [72]. Despite the fact that 
it is common knowledge that most diseases result 
from unmodifi able geneƟ cs, studies show the 
importance of enriching diets with polyunsaturated 
faƩ y acids and minimizing saturated faƩ y acids 
[21, 32, 41, 80]. This may be due to lowering 
infl ammaƟ on, improved intercellular signalling, 
and fewer metabolic disrupƟ ons. Gender also 
plays a role, which is understandable since 
biological diff erences result from diff erent sex 
chromosomes. This demonstrates that mulƟ ple 
parts of the genome are implicated in the process. 
ProtecƟ ve factors are currently being invesƟ gated 
and could be an example for geneƟ c modifi caƟ on 
of a pathological gene variant in the future [52].

Many genes have also been found to be 
implicated in the pathogenesis of glaucoma [45]. 
In children, iridocorneal dysgenesis is the main 
suspected cause [82], resulƟ ng from collagen 
defects with fi bril disorganizaƟ on and structural 
integrity loss. In the adult populaƟ on, however, 
degeneraƟ on of the trabecular meshwork is due 
to ECM remodelling, causing obstructed aqueous 
ouƞ low, resulƟ ng in gradual IOP increase, which can 
also occur in spikes, being more destrucƟ ve to the 
ganglion cells of the reƟ na. This again is regulated 
by a variety of genes, with more being idenƟ fi ed 
with Ɵ me [23]. Glaucoma is a mulƟ factorial disease 
caused by intraocular fl uid fi ltraƟ on impairment 
leading to reƟ nal compression on one hand, and 
visual pathway degeneraƟ on linked to vascular 
shortage, opƟ c nerve/radiaƟ ons compression, 
and other neuropathies on the other hand – each 
with its own geneƟ c background that should be 
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CONCLUSION
Ophthalmic geneƟ cs is one of the most promising 

fi elds, with the potenƟ al to deliver signifi cant 
therapeuƟ c breakthroughs.  In light of present 
knowledge, expanded research regarding the 
infl uence of geneƟ cs on ocular pathology will be 
crucial for prophylaxis and treatment of progressive 
diseases that cause irreversible damage, such 
as myopia, glaucoma, and reƟ nal dystrophies. 
Various associaƟ ons have been idenƟ fi ed so far 
between ophthalmic diseases and connecƟ ve 
Ɵ ssue disorders, but the complexity of factors 
leading to uncontrolled Ɵ ssue growth or unwanted 
cellular apoptosis needs to be examined further 
to develop prevenƟ ve strategies. Moreover, the 
constant improvement and refi nement of arƟ fi cial 
intelligence tools may accelerate advances 
in analysing large complex datasets, facilitaƟ ng 
future scienƟ fi c research.

In the last few years, much progress has been 
made in understanding the geneƟ c basis of diseases, 
which translates to new possibiliƟ es of developing 
adequate treatments. Advances in whole genome 
sequencing (WGS) will allow for beƩ er tailoring 
of prevenƟ ve strategies and ulƟ mately treatments 
based on geneƟ c profi les [13]. One such possibility 
could be CRISPR technology which has already 
been FDA-approved to treat sickle cell disease and 
certain types of beta thalassemia and are promising 
in the ophthalmology fi eld as well [29,37,59]. In case 
of mitochondrial DNA (mtDNA), CRISPR cannot 
cross the double membranes of mitochondria, 
but new methods are being studied to overcome 
this adversity. A base editor was used to fi x single-
leƩ er mutaƟ ons in mitochondrial DNA without 
cuƫ  ng it [84]. The recent discoveries around CRISPR 
technology, making in utero or postpartum geneƟ c 
modifi caƟ ons possible, can be ground-breaking 
in raising healthy persons able to funcƟ on in society, 
also making parenƟ ng more bearable [39].
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