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MicrORNA AND VASCULAR PATHOLOGY OF THE EYE
Moshetova LK, Usharova SA Y, Turkina Kl, Sychev DA, Saburina IN
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Since the discovery of microRNAs just a few decades ago, our knowledge of these molecules and their potential as diagnostic biomarkers and therapeutic targets
has significantly expanded. There is an ongoing discussion in the scientific community about the possibility of using microRNA for the diagnosis of cardiovascular
diseases. It has been shown recently that levels of some microRNAs vary in vascular eye disorders, such as age-related macular degeneration and diabetic
retinopathy. However, despite serious advances in our understanding of microRNA's role in eye pathology, we still do not know whether it is possible to use
microRNA as a biomarker for central retinal vein occlusion. Perhaps, the discovery of such candidate microRNAs will help in making the timely diagnosis and
improve the quality of medical care in patients with retinal vein occlusion.
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MukPoPHK N COCYOUNCTAA MATOJIOINA TNA3A
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Poccuiickas MeauLmHCKast akagemims HernpepbIBHOrO NpodeccroHanbHoro obpasosaqns, Mocksa, Poccus

C MOMeHTa OTKPbITUS NepBort MUKPOPHK HeCckonbko AecATUNeTVn Hadan NPefcTaBneHns O faHHbIX MONeKynax Kak o 6uomMapkepax v noTeHLManbHbIX
TePaneBTNHECKNX MULLEHSX PadnyHbIX 3a00neBaHWiA 3HA4UTENBEHO PacLLUMPUINGL. B COBPEMEHHOM Hay4HOM OOLLIECTBE aKTVMBHO OOCY>KAAt0T BO3MOXHOCTb
npumeHeHns MUKPoPHK ana amarHOCTVKK cepaeqHo-cocyamcTbix 3abonesaHnin. bonee Toro, pap HegaBHO MPOBEOEHHbIX UCCNEAOBaHUA [OKa3bIBAET, YTO
YPOBHW onpefeneHHbix MUKPoPHK BapbipytoT 1 Mpu COCyAUCTbIX 3ab0MIEBaHIISIX rMasa, BKIFOHALOLLMX BO3PACTHYIO MaKyNSpHYHO fereHepaumio U AviabeTnyeckyio
peTuHonatvio. OfHaKo, HECMOTPS Ha MPOrPECC B UCCEA0BaHNM PO HEKOTOPbIX MUKPOPHK B AriarHocTuke psina odTanbMONOrNHECKIX NAaTonorin, MHopMaLm o
BO3MOXHOCTW 1CNonb3oBaHms MUKPOPHK B kadecTBe B1oMapKepoB OKKITHO3MM LEHTPSIbHOM BEHbI CETHATKN Ha CErOAHALLHMIA AeHb HET. BO3MOXXHO, YTO MOWCK 1

NAEHTUUKALWS JaHHbBIX MOMEKYST CMOryT 06MerymTb MOCTaHOBKY AMarHosa v ynyyLnTb Ka4ecTBO OKa3biBaeMON MEAMLIMHCKOM MOMOLLM.
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Making a timely and accurate diagnosis is crucial for effective
treatment and positive clinical outcomes. This cannot be
any truer for vascular disorders. MicroRNAs (miRNAs) were
discovered back in 1993 [1]. They are a class of single-
stranded non-coding RNAs constituted by 16 to 27 (an
average of 22) nucleotides [2]. Transcription of miRNA
precursor genes is regulated by genomic DNA methylation and
histone modifications, which, in turn, vary across pathologies
[3]. All around the globe, research teams are actively exploring
the possibility of using miRNA as a diagnostic biomarker for a
broad range of health conditions. Although it is not yet common
practice to use miRNAs as biomarkers of eye diseases, such
as retinal vessel occlusion, the ongoing research into their role
in systemic vascular pathology suggests that they are potent
diagnostic tools.

MicroRNA and systemic vascular pathology

There is a huge body of evidence that miRNA expression is
changed significantly in systemic and localized vascular
pathologies; the amassed data suggest tremendous
diagnostic potential for miRNA and, specifically, circulating
miRNA [4]. Circulating miRNA levels reflect physiological and
pathological changes in the body, including cardiovascular and
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neurodegenerative disorders. For example, miR-1, miR-133b,
miR-145, miR-208b, miR-499, miR-133a, and miR-208a are
diagnostic biomarkers for coronary artery disease [5].

Patients with atherosclerosis have significantly elevated
miR-122, miR-21, miR-130a, miR-211¢ and low miR92a, miR-
222, miR-126 in their blood [6]. In addition to their diagnostic
potential, these miRNAs and their inhibitors can be used to
treat atherosclerosis [7].

Ischemic stroke and myocardial infarction are the most
severe complications of atherosclerosis. Multiple studies
conducted on animal models and human patients indicate a
link between the levels of circulating and tissue microRNAs and
ischemic stroke or its effects. In the acute phase of ischemic
stroke, miR-124 and miR-21 are elevated whereas miR-221
concentrations decline; elevated miR-145 and miR-210 are
predictors of a more favorable outcome [8]. Changes in miRNA
levels are also reported in patients with myocardial infarction;
specifically, such patients demonstrate a sharp decrease in
miR-375 expression [9].

Hypertension is the most prevalent cardiovascular condition.
It is a risk factor for many vascular disorders, including eye
disorders. A Russian study investigated the profiles of miR-126,
miR-155, miR-221, and miR-222 in hypertensive patients and
healthy volunteers. Increased dispersion was observed for all



OB30P | OPTAJIbMOJIOI A

studied miRNA in all hypertensive patients, as compared with
healthy individuals. MiR-221 prevailed in hypertensive patients,
whereas miR-126, in healthy volunteers [10].

Thus, the levels of some circulating miRNAs change
in patients with systemic vascular disorders and therefore
might be a potent candidate diagnostic biomarkers. Because
systemic vascular disorders and vascular eye disorders have
the same pathogenesis, there might be microRNAs that could
act as biomarkers for conditions associated with impeded
retinal blood flow. So far, no qualitative and quantitative miRNA
analysis has been conducted for retinal vessel occlusion but the
available data on changes in microRNA profiles accompanying
vascular eye disorders suggest this research field holds great
promise.

MicroRNA in age-related macular degeneration

Age-related macular degeneration (AMD) is the primary
cause of irreversible central vision loss in elderly people.
Choroidal neovascularization (CNV) leads to increased vascular
permeability, fluid exudation, and irreversible damage to
photoreceptor cells, causing vision decline. Being a complex
progressive disease, AMD is linked to genetic (including
complementary) and environmental factors [11]. Some miRNAs
associated with complementary factors were found to change
their regulation function in the blood and ocular tissue of
patients with AMD. A PCR-based study of 384 miRNAs in the
blood plasma of patients with AMD revealed that characteristics
of 16 miRNAs were significantly changed in such patients and
10 other microRNAs were expressed only in individuals with
exudative AMD [12]. A team of Italian researchers studied the
expression profiles of different microRNAs in patients with or
without AMD and in rats with experimentally induced retinal
pathology. The levels of miR-9, miR-23a, miR-27a, miR-34a,
miR-146a, and miR-155 were significantly different between
diseased and healthy individuals. The most pronounced
differences were observed for miR-27a, miR-146a and miR-
155, suggesting they might have potential as biomarkers and
therapeutic targets for treating AMD [13].

MicroRNA in diabetic retinopathy

The possibility of using microRNAs as biomarkers is being
considered for diabetic retinopathy (DR), another serious visual
impairment arising from a vascular disorder. DR is a common
microvascular complication of diabetes mellitus (DM), which
is currently recognized as a global epidemic. DR results from
damage to microvessels following prolonged exposure to
hyperglycemia. Progressive retinal ischemia triggers expression

Table 1. Expression of candidate microRNAs in different pathologies

of hypoxia-inducible growth factors, including VEGF, which, in
turn, stimulate retinal neovascularization [14]. Consequently,
the blood-retinal barrier breaks down, leading to vascular
leakage and retinal edema [15]. The analysis of circulating
miRNAs isolated from serum and plasma samples of patients
with and without DR revealed changes in the expression of
many miRNAs in patients of different age, with different DM
types, different time of onset, etc. [16]. There were reports of
quantitative and qualitative changes in the profiles of miR-126
[17-19], miR-150 [20], miR-155 [21], and miR-200b isolated
from patients with DR. Of all those miRNAs, miR-155 and miR-
126 had the highest clinical relevance [22]. A research group
from China compared serum levels of miR-126 in patients with
DR and healthy volunteers by means of real-time PCR and
found statistically significant differences in miR-126 expression
between the two cohorts. According to the analysis of blood
serum samples collected from patients with proliferative (PDT)
and non-proliferative (NPDT) diabetic retinopathies, miR-126
levels varied across patients with retinal pathology depending
on its severity. MiR-126 concentrations were declining as
proliferative retinal pathology was progressing. The researchers
were able to determine the diagnostic thresholds for miR-126
that could be used to predict the risk of PDT and NPDT and
detect borderline conditions at high risk of transformation into
PDT. The researchers pointed out that miR-126 could be used
as a biomarker of retinal endothelial damage and early stages
of PDT [17].

Using this information, we shortlisted a few microRNA
candidates that in our opinion have the best diagnostic and
prognostic potential as candidate biomarkers of retinal vein
occlusion (Table).

miR-126

MiR-126 is one of the key pro-angiogenic microRNAs that
regulate expression of some growth factors, including
VEGF and FGF [23, 24]. MicroRNA expression profiles were
studied on several animal models of human vascular eye
disorders, including oxygen-induced retinopathy (DR-type
neovascularization) and laser-induced CNV (wet ARMD).
MiR-126 concentrations declined in the choroid of mice with
laser-induced CNV [25] and also in the retina and choroid of
rodents with oxygen-induced retinopathy [26]. Besides,
mice with decreased miR-126 concentrations had signs of
damage to the peripheral choroid [27]; stimulated elevation of
miR-126 was shown to inhibit retinal neovascularization and
breakdown of the blood-retinal barrier in mice with oxygen-
induced retinopathy [28]. These findings suggest that miR-126
might be an important biomarker mirroring the condition of

miR-126 miR-155 | miR-21
Vascular disorders
Atherosclerosis microRNA expression decreases [6] 6] microRNA expression increases [6]
Ischemic stroke microRNA expression decreases [36] [36]* microRNA expression increases [36]
Hypertension microRNA expression increases [10] [101* microRNA expression increases [38]
Coronary artery disease microRNA expression increases [10, 24] [10, 39]* microRNA expression increases [38]
Eye disorders

Diabetic retinopathy microRNA expression decreases [17-19, 22]

microRNA expression increases [31] microRNA expression increases [40]

Age-related macular

degeneration microRNA expression decreases [23-25]

microRNA expression increases [13] microRNA expression increases [35]

Note: “— Changes in microRNA expression depend on the character of the pathology.
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the choroid in various pathologies and a potential therapeutic
target for developing new approaches to the management of
eye disorders.

miR-155

MiR-155 is a proinflammatory microRNA that is specifically
expressed in atherosclerotic plaques and proinflammatory
M1 macrophages [6]. Retinal miR-155 expression undergoes
significant changes in wet ARMD, experimental oxygen-
induced retinopathy [29], light-induced retinal degeneration
[30], and streptozotocin-induced DR [31]. Its deficit leads to
the shrinkage of vascular areas and neovascularization in the
rodent model of oxygen-induced retinopathy [29]. Besides,
miR-155 was proved to regulate the levels of complement
factor H in ARMD [32], maintaining its role in the angiogenesis
and inflammation in a range of eye disorders. MiR-155 is
an important biomarker that reflects the unfolding of the
proinflammatory cascades accompanying the progression of
vascular disorders. In addition, this miRNA is being investigated
as a potential therapeutic target in eye pathology.

miR-21

MiR-21 is known to be linked to tumor formation and
neovascularization [33]. Its expression changes in cardiac
pathology [34]. MiR-21 plays a crucial role in the pathogenesis

References

1. LeeRC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene
lin-4 encodes small RNAs with antisense complementarity to lin-14.
Cell. 1993; 75 (5): 843-54. DOI: 10.1016/0092-8674(93)90529-y.

2. Fang Z, Du R, Edwards A, Flemington EK, Zhang K. The
Sequence Structures of Human MicroRNA Molecules and Their
Implications. PLoS ONE. 2013; 8 (1): e54215. Available from:
https://doi.org/10.1371/journal.pone.0054215.

3. Kucher AN, Babushkina NP. Role of microRNA, genes involved
in their biogenesis and functioning in the development of human
disorders. Medical Genetics. 2011; 1: 3—-13. Russian.

4. Pogribny IP. MicroRNAs as biomarkers for clinical studies.
Exp Biol Med (Maywood). 2018; 243 (3): 283-90. DOI:
10.1177/1535370217731291.

5. Navickas R, Gal D, Laucevicius A, Taparauskaite A, Zdanyté M,
Holvoet P. Identifying circulating microRNAs as biomarkers of
cardiovascular disease: a systematic review. Cardiovasc Res.
2016; 111 (4): 322-37. DOI: 10.1093/cvr/cvw174.

6. Kucher AN, Nazarenko MS. The role of microRNA in atherogenesis.
Kardiologija. 2017; 57 (9): 65-76. Available from: https://doi.
org/10.18087/cardio.2017.9.10022. Russian.

7. Koroleva IA, Nazarenko MS, Kucher AN. Role of microRNA in
development of instability of atherosclerotic plaque. Biochemistry.
2018; 83 (1): 34-46. Russian.

8. Gareev IF, Beilerly OA. Role of microRNA in ischemic stroke.
Neurologic magazine. 2018; 23 (4): 166-75. Russian.

9. Baulina N, Osmak G, Kiselev |, et al. NGS-identified circulating
miR-375 as a potential regulating component of myocardial
infarction associated network. J Mol Cell Cardiol. 2018; 121:
173-9. DOI: 10.1016/j.yjmcc.2018.07.129.

70. Shheglova NE, Kalinkin MN. Kachestvennye harakteristiki miR-
126, miR-155, miR-221, miR-222 u bol'nyh gipertonicheskoj
bolezn'ju i postinfarktnym kardiosklerozom [dissertacija]. K.,
2015. Russian.

11. Coleman HR, Chan CC, Ferris FL 3rd, Chew EY. Age-related
macular degeneration. Lancet. 2008; 372 (9652): 1835-45. DOI:
10.1016/S0140-6736(08)61759-6.

12, Ertekin S, Yildirm O, Ding E, et al. Evaluation of circulating miRNAs

BULLETIN OF RSMU | 4, 2020 | VESTNIKRGMU.RU

REVIEW | OFTALMOLOGY

of ARMD. It participates in the regulation of retinal vessel
growth, which can be inferred from high miR-21 expression
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detected in the experimental mouse model of laser-induced
CNV. In another study, stimulation of miR-21 expression
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and modulating potential of miR-21.

CONCLUSIONS

There is a paucity of research studies looking at the expression
profiles of miRNA genes in eye pathology. Nevertheless, the
available data suggests that miRNAs might hold great promise
as potent diagnostic markers of eye disorders, such as retinal
vein occlusion. The comprehensive analysis of their expression
will help to conduct minimally invasive screening, provide
adequate treatment and take timely prevention measures. It
is important to develop microRNA panels and determine their
threshold values that signal the risk of complications in patients
during or after therapy.

Further basic and clinical research on complex 3D organoid
and spheroid models is needed to better understand the
role of individual microRNAs or their clusters and to evaluate
their diagnostic and therapeutic potential in retinal vascular
pathology.
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