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CELL-MOLECULAR MECHANISM S OF PROGRESSION OF
OPHTHALMOLOGICAL PATHOLOGY ON THE BACKGROUND OF INFLUENCE
OF ENVIRONMENTAL FACTORS. LITERATURE REVIEW
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Modern scientists are increasingly paying attention to the molecular mechanisms of diseases of the visual organ in con-
ditions of anthropogenic pollution. Environmental pollution is mainly due to atmospheric emissions from the metallur-
gical, automotive, aviation and petrochemical industries, waste from livestock farms and due to the use of mineral ferti-
lizers and pesticides. Ukraine ranks one of the first in Europe in terms of the amount of industrial dirt per capita.

The aim of this literature review was to analyze the role of extra- and intracellular protein structures and molecular
mechanisms of some pathological processes of the visual organ that occur under the influence of anthropogenic stress
on the human body.

Material and methods. ientific publications in foreign and Ukranian journals on relevant topics in the last 5 years,
the Internet resources.

Research results and their discussion. The literature review expanded the scientific understanding of the role of repar-
ative enzyme (MGMT), vascular endothelial growth factor, Bcl-2 family proteins, p53 and Ki 67 proteins, matrix metal-
loproteinases in some ophthalmic pathology. Anthropoecological environmental factors have been shown to cause oxi-
dative stress due to mitochondrial dysfunction and apoptosis, which are a component of a complex pathophysiological
process in the most common diseases of the visual analyzer.

Conclusions. The study of molecular mechanisms of occurrence and progression of diseases of the visual organ with
the participation of protein factors makes it possible to expand the understanding of the pathogenetic links of their de-
velopment in order to predict the course of the pathological process, adequate treatment and prevention
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1. Introduction

In Ukraine, there is an annual increase in the inci-
dence and prevalence of diseases of the eye and its ap-
pendages (H00-H59) among people of working age [1].
According to world statistics, at least 2.2 billion people
worldwide suffer from severe visual impairment or
blindness [2]. Along with the main etiological factors of
ophthalmic pathology, special attention is drawn to the
deterioration of the environmental situation, which can
serve as a trigger for the emergence of this nosology [3,
4]. Thus, according to Amirov A. N. and co-authors [5,
6] the prevalence of refractive errors, inflammatory dis-
eases of the conjunctiva and eyelids in children living in
areas with heavy traffic is higher than in areas with fa-
vorable environmental conditions. The pathology of the
lens was more often observed in the population living
with adjacent enterprises for the production of film. In
patients with dry eye syndrome, scientists have found
elevated levels of mercury in the serum [7].

Diseases of the visual organ reduce the quality of
life of patients, and in some cases not only impair visual
function, but also cause vision loss. Therefore, ensuring
the normal functioning and prevention of pathological
conditions of the visual analyzer in conditions of high

anthropogenic load, is the primary and most urgent task
today.

The aim of the literature review was to analyze
the role of extra- and intracellular protein structures and
molecular mechanisms of some pathological processes of
the visual organ that occur under the influence of
anthropogenic stress on the human body.

2. Materials and methods

In writing the article, information from domestic
and foreign (electronic database Pub Med) scientific
publications for the last 5 years was used.

3. Research results

Pathology of the visual analyzer may be the result
of congenital or acquired genetic abnormalities in the
human body. Exo — and endogenous environmental
factors affect the human genome, contributing to damage
to DNA structure. The crucial role in this case is given to
one of the DNA repair enzymes — O°-methylguanine-
DNA methyltransferase (MGMT), which protects cells
from the cytotoxic action of alkylating compounds [8],
by transferring the alkylating group (mostly metal) from
the O° position of guanine (O°MeG) of the DNA
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molecule to the cysteine of the active center of the
enzyme, and then irreversibly inactivated [9].

In normal cells of the human body, the level of
MGMT expression depends on their type, it is not stable
and varies in different individuals. Regulation of MGMT
gene expression is carried out by various intracellular
systems, including and p53 protein-mediated [10].
Especially low expression of reparative enzyme in brain
tissues [11]. Some metal ions — Cd**, Cu*", Hg2+, Zn*",
Ag®" and Pb*" inhibit the activity of MGMT [12].
Yazici H. and co-authors [13] in their work proved that
functional inactivation of the reparative enzyme 0°MeG
in children with retinoblastoma causes damage to the
DNA structure due to hypermethylation of the promoter
part of the RASSF1A gene in 82 % of cases. A similar
mechanism of blocking the MGMT gene by alkylating
agents in the epithelium of the lens of the eye in patients
with age-related cataracts is described by Li F. and co-
authors [14].

Among many diseases of the retina, optic nerve and
auxiliary apparatus of the eye, one of the most important
pathogenetic factors is the accumulation of free radicals
and impaired antioxidant protection. Oxidative stress
caused by heavy metals, pesticides, UV rays, ionizing
radiation triggers the mechanism of apoptosis (through the
expression of proteins p53, FasR, caspase-3) in
photoreceptor cells, the most vulnerable to the damaging
agent, which leads to loss of functional activity of the
retina [15]. In an oxygen-induced retinopathy model in
rats, the antiapoptotic effect of peroxisome proliferator-
activated receptor alpha (PPAR-a) has been demonstrated.
This protective mechanism is partially mediated by a
decrease in the expression of Hif-la / Nox 4 (Nicotine
adenine dinucleotide phosphate oxidase-4) and the
levelling of the toxic effects of reactive oxygen species
[16, 17]. All isoforms of PPARs - PPARa, PPARP / bl,
PPARP / b2, PPARy1 and PPARY2, and some of them in
all layers of the retina were detected in the pigment
epithelial cells. Activation of PPAR B/ 6 by PPAR B/ 6
agonists has been shown to block VEGF-induced retinal
vascular endothelial cell proliferation by reducing the
expression of VEGFR2 receptor VEGF (Vascular
endothelial growth factor). Thus, the process of
neovascularization and the development of exudative
retinopathy is inhibited.

One of the main factors in the initialization of
vascular endothelial growth factor production in age-
related macular degeneration [18], diabetic retinopathy
[19], postthrombotic retinopathy [20] is damage to retinal
endothelial vessels due to oxidative stress, which causes
the death of pericytes, hyperfiltration of plasma and
blood cells and leads to retinal hypoxia. Pathological
angiogenesis eventually leads to the formation of edema,
hemorrhage into the retina and its detachment. The de-
crease in the activity of antioxidant systems under oxida-
tive stress may be due to the inhibition of enzymes by
heavy metal ions in the competition for the active center
of the molecule.

After experimental studies [21], the molecular-
genetic theory of glaucomatous optic neuropathy be-
comes relevant, the key point of which is apoptosis of
ganglion cells of the optic nerve and retina due to in-
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creased expression of endogenous inducers of apoptosis
and deficiency of neurotransmitters [22].

Under the conditions of activation of the p53
protein of the mitochondrial pathway of apoptosis
[23], the membrane potential of mitochondria in the
cell decreases, the permeability of its membrane
increases with the formation of pores and the release
of apoptogenic factors — cytochrome C, procaspase-3,
7, 9 the final stage of which is chromosome
defragmentation and cell death [24]. Regulation of
mitochondrial membrane permeability is provided by
the balance of interaction of proteins of the family (B-
cell lymphoma 2). Today, more than 20 members of
this family are known, some of which are
proapoptogenic — Wah, Bid, Bac, Vok, Bad, BclxS,
Bim, Bik, Blk, Hrk (localized mainly in the cytosol),
others are located in the outer membrane of
mitochondria and endoplasmic reticulum and are
antiapoptogenic — Bcl-2, Bcel-XL, Bel-w, McU, Bfll
[25]. The antiapoptotic role of Bcl — 2 proteins is
associated with the ability of Bcl-2, Bcl-1x molecules
to block mitochondrial channels, in contrast to Bax
and Bak, through which the release of cytochrome C
and AIF, and prevent the conversion of procaspase-9
to the active form, thereby turning off the apoptosis
signal.

The p53 protein has been shown to increase the
expression of the proapoptogenic Bax gene and to reduce
the expression of the Bcl-2 gene, which blocks apoptosis
[26]. Level p53, Bcl-2 and caspase -3, -8, -9 [27] were
significantly higher in the epithelial cells of the lens in
patients with cataracts on the background of type
2 diabetes, which confirms the literature regarding their
participation in the activation of the internal mechanism
of apoptosis and the development of the pathological
process.

At the present stage of development of medical
science, many theories of glaucoma development have
been put forward, each of which complements and
expands our understanding of the etiopathogenesis of optic
neuropathy. The immune mechanisms of glaucomatous
process development deserve attention [28], because it is
the immune system that ensures the normal operation of
the visual analyzer by preserving the antigenic constancy
of the microstructures of the visual organ and its functional
components.

But, recently, on the literary scientific platform
there are works, the authors of which found an increased
content of lead in patients with open-angle glaucoma
[29]. Selenium increases the risk of glaucoma and
ophthalmic hypertension in patients who have used it as a
dietary supplement [30]. Scientists attribute this fact to
an imbalance in the synthesis of metalloproteinases
(MMP-2) and their inhibitors.

Matrix metalloproteinases (MMPs) — a family of
extracellular zinc and calcium-dependent endopeptidases
capable of destroying collagen types 1V, V, VII, IX, X
(the main component of the basement membrane, fibro-
connective membrane of the eye and cornea),
proteoglycans, lactylamine, elastin other components of
the extracellular matrix of connective tissue in normal and
in pathology [31]. According to the specificity of MMP
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can be divided into collagenases (MMP-1, -8 and -13),
gelatinase (MMP-2 and -9), stromelysin (MMP-3 and -10),
membrane type MMP — (MT-MMP-14, -15, -16, -17)
and other types, including matrilysin (MMP-7) and
metalloelastase (MMP-12).

MMPs are “induced” proteins whose synthesis is
controlled by a number of factors: interleukins (IL-1,
IL-4, IL-6), tumour necrosis factor (TNF), transforming
growth factors (TGF-B1), hormones, tumour promoters,
physical compounds and under normal conditions, the
regulation of MMP activity occurs due to specific
endogenous tissue inhibitors TIMPs (tissue inhibitor of
matrix metalloproteinase 1-4), which block the
destruction of the extracellular matrix. Namely, the
imbalance between the level of expression of MMP and
TIMPs, play a major role in the pathogenesis of not only
glaucoma, but also diabetic retinopathy, age-related
macular degeneration [32].

In primary open-angle glaucoma (POAG),
metalloproteinases are synthesized in various structures
of the eye — the tenon capsule, trabecular system,
Schlemm's canal, scleral lattice plate and retinal ganglion
cells [33]. An experimental study of MMP-2,9 in the
tears of patients with POAG, found a significant increase
in their activity compared with the control group. The
direct correlation between the level of MMP-9 and the
stage of the disease, according to the authors, may serve
as a criterion for the progression of glaucomatous
process, and the expression of MMP-2 is a compensatory
response to inflammation in ECM degradation [34]

During a comprehensive immunohistochemical
study of the connective tissue of the sclera in POAG
revealed an intensive accumulation of uncharacteristic
type III collagen, which may indirectly indicate a
violation of the metabolism of various types of MMPs in
the pathological process [35].

In the study of immune status in patients with
POAG, high levels of proinflammatory cytokines — IL-6,
IL-17 and low values - TGF-B; and TGF-B;, both in
systemic and in tears, which confirms the autoimmune
theory of ECM damage with the development of chronic
inflammatory process.

In the aqueous humor of the anterior chamber,
patients with pseudo exfoliative syndrome / glaucoma
(PES / PEQG), high rates of MMP-2, TIMP-2 ta TGF- f,
were detected [36].

The accumulation of the extracellular matrix, rather
than its degradation in patients with POAG and PEG,
according to scientists, occurs due to elevated levels of

TIMP-2 over MMP-2. In addition, some authors noted that
the pathological remodelling of the lattice plate of the
sclera under the influence of MMP in patients with
glaucoma, there is a loss of neural tissue, rather than its
scarring [37, 38]. Apparently, this fact can explain the
development of glaucomatous excavation of the optic disc
in glaucoma with normal intraocular pressure.

According to the literature, in most cases, the
development of the primary pterygium is preceded by
pinguecula. In our opinion, this is not unfounded, as
overexpression of MMP family proteins by subepithelial
fibroblasts of the bulbar conjunctiva of the eye disrupts
the fragmentation and organization of collagen fibers of
the Bowman's membrane and corneal stroma, which
promotes migration and invasion of pinguecula cells.

One of the markers of cell proliferation is the ex-
pression of the Ki 67 protein, which is present in the cell
nucleus during the G1, S, and G2 phases of the cell cycle
and in mitosis. It does not accumulate or appear in cells
in the interphase, due to the rapid, within 1-2 hours, de-
struction after synthesis. A possible role of Ki 67 in a cell
is chromatin binding, which may play a role in cell divi-
sion [39].

In ophthalmology, the Ki 67 antigen is used as a
reliable marker of proliferative activity in neoplasms of
the eyeball and its appendages, pathologies of the cornea
and conjunctiva [40, 41].

As factors of immunological protection immuno-
globulins IgM and IgG in ophthalmology are described
in viral, bacterial, autoimmune processes, but data on
their activity in the structures of the eye under the influ-
ence of heavy metals in the literature are not found,
which is a necessary argument for further study.

3. Conclusions

1. Environmental factors, in particular heavy
metals, can affect the processes of repair inside the cell
and contribute to the progression of existing ophthalmic
pathology.

2. The study of molecular mechanisms of
occurrence and progression of diseases of the visual
organ with the participation of protein factors makes it
possible to expand the understanding of pathogenetic
links of their development in order to predict the course
of the pathological process, adequate treatment and
prevention.
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