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According to the epigenetic hypothesis, a number of environmental stimuli can, through miRNAs, influence the phenotype

of an organism. Discovering the phenomena of miRNAs regulation enables understanding of AMD pathomechanism. The

characteristic profile of changes in miRNA expression levels may be helpful in early diagnosis. However, the role of

miRNAs as biomarkers is not yet clear.
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1. Introduction

Age-related macular degeneration (AMD) is a progressive, neurodegenerative disease that affects the macula of the

retina. The incidence of AMD was estimated to be approximately 170 million people worldwide in 2016, but this number is

predicted to increase to 288,000,000 in 2040, thus becoming the third leading cause of vision loss worldwide . AMD is a

slow and progressive disease that attacks retinal cells in the macula, the region of the eye responsible for central vision.

The macula, which is at the center of retina, is particularly prone to age-related degenerative changes. The retinal pigment

epithelium RPE, adjacent to Bruch’s membrane, has many important functions, including light absorption, phagocytosis of

photoreceptor outer segments, heat exchange, vitamin A metabolism, retinal outer blood barrier, and maintenance of

choriocapillaris.

AMD is a disease affecting four components of the visual organ: photoreceptors, retinal pigment epithelium (RPE),

Bruch’s membrane, and choroidal capillaries. This process results in the destabilization of four key physiological functions:

homeostasis/stress response, extracellular remodeling, complement-related inflammation, and phagocytosis. Disruption of

these functions leads to distortion of Bruch’s membrane, the RPE, and the subretinal space. The pigmentary

abnormalities in the RPE, drusen and Bruch’s membrane, and the molecular changes associated with this disease, are

believed to be caused by inflammation, angiogenesis, and increased oxidation of cellular components, which play a

central role in the pathogenesis and progression of AMD .

Although the etiology of AMD is still not well understood, the disease is divided into early and late stages. The early stage

is characterized by the accumulation of lipofuscin and drusen deposits between Bruch’s membrane and the RPE, the

specialized cells that form the outer blood–retinal barrier. Detection of vision deterioration in early stage of AMD is

important for both prevention and treatment.

Poor antioxidant capacity, and the resulting overproduction of free radicals, is thought to be a major factor affecting RPE in

the pathophysiology of AMD. This theory is underpinned by both environmental and genetic factors. The macula lives in

an environment of high oxidative stress. Normal antioxidant capacity is influenced by the activity of enzymatic and non-

enzymatic defense mechanisms, as well as the efficiency of DNA repair. DNA repair efficiency depends on the expression

of genes encoding DNA repair proteins, which is mainly regulated by the interaction of regulatory proteins and specific

sequences regulatory proteins and specific sequences in DNA repair genes. Changes in miRNA expression profile occur

during organ development, aging, or cell death. The expression of miRNAs is also altered in the pathophysiology of

complex diseases such as inflammation or neurodegenerative diseases including AMD. Furthermore, in addition to its role

in regulating gene expression, miRNAs released into body fluids have emerged as potential blood serum biomarkers.

Some researchers have reported that mRNA transcription factors are sensitive to redox status .
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2. AMD—Enzymatic Antioxidant Capacity

Although the macula lives in an environment of high oxidative stress caused by the presence of many sources of reactive

oxygen species (ROS), it contains many enzymatic and non-enzymatic antioxidants in the photoreceptor and RPE cells.

Macular pigment is a natural barrier that protects the central part of the retina from oxidative damage. It is formed by two

dihydrocarotenoids: lutein and zeaxanthin. In addition, the antioxidant defense includes various enzymes including

superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx), and non-enzymatic antioxidants such as

glutathione, albumin, bilirubin, uric acid, vitamin A, C, E, lipoic acid, carotenoids, plant polyphenols, zinc and selenium,

among others.

Antioxidant enzymes reduce lipid hydroperoxide and hydrogen peroxide (H 2O 2) levels, thus playing an important role in

preventing lipid peroxidation and maintaining cell membrane structure and function.

The copper-zinc superoxide dismutase (CuZnSOD) plays a key role in the removal of superoxide anion and protects cells

from oxidative injury caused by free radicals. Located in the cytosol and mitochondria, SOD catalytically converts the

superoxide anion (O 2˙ − ) to O 2 and H 2O 2 in the presence of metal ion cofactors such as copper (Cu), zinc (Zn) or

manganese (Mn). It catalyzes the one-electron dismutation of the superoxide anion. The human SOD1 gene, located on

chromosome 21q22.11, is highly polymorphic. Few studies have examined the relationships between SOD1

polymorphisms with AMD. A study conducted in a Polish AMD population  reported that a polymorphism in the SOD1

gene protected against AMD. Many works implicate SOD2 polymorphisms as potential determinants of AMD susceptibility.

SOD2, a mitochondrial enzyme, has manganese (Mn) in its reactive center and active site, which functions as a metal

cofactor. The enzyme scavenges toxic superoxide anions formed as a byproduct of oxidative phosphorylation, which

enables the removal of mitochondrial ROS and provides protection against cell death. The SOD2 gene (6q25) encodes

MnSOD and has several single nucleotide polymorphisms (SNPs), among which is rs4880 (C/T) (also designated as

C47T, Ala16Val, Ala-9Val or A16V). The T allele of this SNP (rs4880-T) has been linked to changes in MnSOD activity due

to modification of the mitochondrial target sequence, which may play a role in neurodegenerative processes including

primary open angle glaucoma, AMD .

Moreover, recent studies indicate that miRNAs play an essential role in ROS generation by targeting genes associated

with antioxidant response. Gene silencing by miRNAs can induce changes in antioxidant enzymes, leading to a complex

interplay between redox imbalance by free radicals and miRNAs in modulating cellular redox homeostasis. The

transcription, biogenesis and translocation of miRNAs, as well as their function, are connected with oxidative stress, and

miRNAs can regulate the expression of redox markers such as cellular antioxidant status. Figure 1 shows miRNAs that

affect enzymatic antioxidants. Expression analyses indicate that Cu/Zn SOD is downregulated by miRNAs in human

bronchial cells , and the suppression of miR-146a was found to effectively restore catalase expression . miR-30b

downregulated CAT expression in human retinal pigment epithelial cell line . Furthermore, dysregulation of miR-214

affected glutathione peroxidase activity: miR-214 overexpression increased GPx activity and reduced oxidative stress in

an in vitro diabetic nephropathy model . In contrast, miR-144 suppressed GPx expression in sickle cell disease .

Figure 1. Enzymatic antioxidant capacity and age-related macular degeneration (AMD).

3. AMD—miRNA Expression and Diagnostic Markers

Alterations in the expression profile of miRNAs have been successively demonstrated in many diseases, including AMD.

Differences in miRNA gene expression can be accounted for by the localization of genes in disease-related regions,

changes in miRNA processing mechanisms, and epigenetic mechanisms.
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miRNAs play key roles in regulating pathological processes involved in AMD development, including angiogenesis, the

imbalance of complement activation, inflammation and oxidative stress. In addition to vascular endothelial growth factor

(VEGF), other growth factors disrupt angiogenesis and vascular balance and may also serve as significant markers in

AMD: platelet-derived growth factor (PDGF), fibroblast growth factors (FGFs), placental growth factor (PlGF), hepatocyte

growth factor (HGF), fibroblast growth factor-2 (FGF-2), pigment epithelium-derived growth factor (PEDF), and

angiopoietins (ANGPTs).

Previous studies have shown a link between oxidative stress and inflammation. It has been indicated that oxidative stress

induces inflammation during the pathological process of AMD . Pathological oxidative damage contributes to protein,

lipid and DNA damage and mitochondrial dysfunction, and generates toxic free radicals and high concentrations of

harmful compounds such as AGEs and MDA; it also induces pro-inflammatory responses, and promotes the recruitment

of macrophages, which release pro-inflammatory and pro-angiogenic mediators . Many pro-inflammatory cytokines and

chemokines, including IL-1, IL-6, IL-8, TNF, INF-γ, MCP-1, have been shown to accelerate AMD progression .

miR-21 has a very vital function in the regulation of angiogenesis, tumor growth and metastasis. It demonstrates very high

expression in endothelial cells and is believed to be involved in endothelial cell differentiation, migration and angiogenesis

. Samples from patients with wet AMD showed downregulation of miR-21 and involvement in regulation of blood vessel

growth, as indicated by its elevated expression in retinal endothelial cells .

Samples from AMD patients showed upregulation of miRNA-146a and its involvement in complement factor H induced

inflammation. Induction of miRNA-146a has been reported in the PBNCs of patients with dry AMD , in the vitreous

humor of patients with wet AMD  and in patients with diabetic retinas , or in whole blood samples of individuals with

wet AMD . Moreover, circulating miRNA-146a is upregulated in AMD retinal tissues collected postmortem .

miR-150 has been associated with high expression in immune cells and has a function in the maturation, proliferation and

differentiation of myeloid and lymphoid cells. Many of the miR-150 target transcripts identified to date are pro-apoptotic

and differentiation proteins such as early growth response 2 (EGR2) and c-myb. It is believed that miR-150 plays an

essential function in angiogenesis because it is enriched to a greater degree in retinal endothelial cells than in any other

nuclear layers of the retina . Furthermore, Lin et al.  propose a novel role for miR-150 in macrophages in regulating

cholesterol metabolism and lipid trafficking genes involved in AMD. The authors propose that disorders in plasma

membrane lipids secondary to the observed miR-150 upregulation in aging macrophages modulate the inflammatory

balance of aging macrophages and thereby predispose them toward a pathogenic, pro-angiogenic phenotype. Studies

suggest an important role for miR-150 as an intrinsic inhibitor of pathological ocular angiogenesis.

Another miRNA with a possible role in inflammation and ocular angiogenesis in eye diseases is miR-155. This miRNA is

upregulated and disturbs the normal retinal vessel growth in mice , is upregulated in human patients with AMD and

plays an important role in the regulation of several important pathways of immune responses. Research has shown that

inflammatory process increased miRNA-155 expression in human RPE cells by activation of the JAK/STAT signaling

pathway . Pogue and Lukiw  report that miR-155 demonstrates increased expression in AMD tissues compared to

controls.

However, it should be remembered that single molecule expression may be increased in both types of AMD or other

ophthalmic diseases, which significantly limits the diagnostic utility. Therefore, more and more authors emphasize the

importance of the greater sensitivity and diagnostic specificity of the selected miRNAs panel analyzed. The advantage of

the analyzed selected circulating miRNAs panel of (miR-15b, miR-17, miR21, miR-26b, miR145) over single molecule

analysis was, for example, confirmed in colorectal cancer . Perhaps in the near future, the analysis of miRNAs will be

an important stage of diagnosis and the introduction to treatment consistent with the endotype of a given disease entity.

4. Conclusions

The profiling of miRNAs in body fluids offers promise in the diagnosis, monitoring and prognosis of AMD. One of the most

important applications of miRNA profiling is the development of clinically useful molecular diagnostic tests; miRNAs are

present at relatively stable levels in human serum and plasma, and miRNA level has been reported to be much more

stable than mRNA in a variety of sample types—including plasma/serum and urine, and is measurable at much greater

sensitivity than proteins. The development of therapeutic strategies based on the analysis of miRNA panels that target

inflammation, ROS and repair of oxidative damage in DNA, has the potential to significantly impact the treatment of AMD

.
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