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INTRODUCTION

Age-related macular degeneration (AMD) is a progressive neurodege-
nerative disease of the macula that leads to loss of visual function and
eventual blindness. The macula is the part of the retina where the photo-
receptors responsible for visual acuity and colour perception are concentrated
[1]. Mostly disease is diagnosed in older people (60 years and older) [2], but
the first signs of the disease can appear in people as young as 40 years old
[3]. AMD causes a decrease in visual acuity leading to decreased quality of
life; it is difficult to recognize faces or distinguish colours [4]. According to
the Age-Related Eye Disease Study (AREDS), AMD can be classified into
early, intermediate, and advanced AMD [5]. Although early AMD is much
more common and diagnosed earlier; exudative AMD can cause blindness in
up to 80 % of patients [6]. While the pathophysiology of AMD is not clearly
understood, age and especially ageing is strongly associated with the AMD,
especially in the developed countries where the overall people survival rate is
highly increasing, leading to elevated age-related disease development [7].
The previous study showed that the number of people with early AMD would
increase to 21.5 million and late AMD to 4.8 million in Europe. Such a dra-
matic increase is expected for the world to be up to 288 million in 2040 [8].

The eye ageing processes include drusogenesis and oxidative stress as
the essential processes leading to AMD [9]. Drusen or lipid, protein and col-
lagen deposits and reactive oxygen species (ROS), accumulated between the
retinal pigment epithelium (RPE) and Bruch's membrane (BrM) in the retina
[10], causes chronic inflammation leading to irreversible damage to RPE cells
and photoreceptors in the macula [11,12], as well as the breakdown of the
blood ocular barrier, which is a normal function in protecting the eye [13].
Also, the accumulated substances stimulate the RPE to release large amounts
of various inflammatory factors. Long-term exposure to these factors leads to
degeneration and atrophy of photoreceptors and RPE cells in the retina [14].

Previous studies discovered that impaired inflammatory response
stimulates the release of a high amount of proangiogenic mediators including
vascular endothelial growth factor A (VEGF-A), which triggers progressive
angiogenesis [15—-17]. On the other hand, new, weak, permeable, and leaky
blood vessels in the choroid cause local oedema leading to the development
of exudative AMD [17]. While only the exudative AMD is already treated
with anti-VEGF inhibitors, in recent years, the VEGF-A and its signaling
pathway have been targeted for the most effective therapy development [18],
including the other molecules included in VEGF-A pathway [15].



It was revealed that inflammatory factors, including IL-10 and IL-9, are
potentially related to the pathogenesis of AMD. They also uncovered their
function and regulation via specific nuclear factor kappa-light-chain-enhan-
cer of activated B cells (NF-kB) and Janus kinase/Signal Transducer and
Activator of Transcription (JAK/STAT) pathways, encouraging the new
treatment of exudative AMD [19].

The essential risk factors of AMD development are lifestyle habits like
smoking, alcohol consumption or insufficient diet [20], but the genetic factors
remain the most significant risk factors for AMD and account for about 70 %
of them. Moreover, developing genetic studies and innovative testing me-
thods encourage us to search for the potential biomarkers which could help
improve the early diagnosis of AMD and target the molecules for the possible
treatment strategies.

As the genetic factors are the most important risk factors for AMD, many
studies focus on single nucleotide polymorphisms (SNPs) for the biomarker
search. We also chose to reveal the associations between the SNPs in /L-9
and /L-10, collagen coding genes COL8AI and COLI0A1, lipid transport
associated gene TRIBI [21], oxidative stress and DNA damage linked gene
RADS5 1B [22] and progressive angiogenesis associated gene VEGFA as new
biomarkers for the AMD development and exudative AMD treatment effica-
cy. We think that selected SNPs and IL-10, VEGF-A and VEGF-R2/KDR
serum levels can have a significant role in AMD development and exudative
AMD treatment.

Study aim and objectives

The aim of study:

The aim of this study was to identify new immunogenetic blood-based
molecular markers in patients with age-related macular degeneration and to
evaluate the associations of the biomarkers with exudative age-related
macular degeneration treatment efficacy.

Objectives:

1. To determine the associations between RADS5IB (rs8017304 and
rs2588809), TRIBI (rs6987702, rs4351379, and rs4351376), COL8AI
(rs13095226) and COL10AI (rs1064583) genetic variants and early
and exudative age-related macular degeneration development.

2. To determine the associations between IL-9 (rs1859430, rs2069870,
rs11741137, 1rs2069885, and rs2069884), IL-10 (rs1800871, rs1800872
and rs1800896) genetic variants, IL-9 and IL-10 serum levels and
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early, exudative and atrophic age-related macular degeneration
development.

To determine the associations between VEGFA (rs1570360,
1s699947, rs3025033 and rs2146323A) genetic variants, VEGF-A
and VEGF-R2/KDR serum levels with early and exudative age-
related macular degeneration development.

To determine the associations between RADS5IB, TRIBI, COL8AI,
COLI10A1, IL-9, IL-10 and VEGFA genetic variants, IL-10, VEGF-A
and VEGF-R2/KDR serum levels and exudative age-related macular
degeneration treatment with anti-VEGF injections efficacy.

Novelty and the relevance of the study

Considering the inflammatory pathogenesis in AMD development, we
identified new potential biomarkers for AMD:

1.

IL-9 151859430, 152069870, rs11741137, rs2069885, rs2069884
haplotypes A-G-C-G-G and G-A-T-A-T were associated with 2 and
12-fold decreased odds of early AMD, respectively.

VEGFA rs3025033 G allele and VEGFA rs1570360, rs699947,
rs3025033, rs2146323 haplotype A-A-G-A are associated with 2-
fold decreased odds of exudative AMD. Moreover, VEGFA
rs3025033 G allele associations remain significant only in females
with exudative AMD.

RADS 1B 152588809 TT genotype, compared to CC genotype, is
associated with 7-fold increased odds of early AMD development in
females.

According to the databases, our study showed for the first time that the T
allele in /L-101s1800896 is associated with lower IL-10 serum levels, and the
C allele in VEGFA rs699947 is associated with elevated VEGF-A serum
concentrations in patients with exudative AMD.

Moreover, for the first time, such significant associations between
immunogenetic markers and exudative AMD treatment efficacy were
determined:

1.

RADS51B rs8017304 minor allele is associated with increased central
macular thickness (CMT) in exudative AMD before anti-VEGF
treatment; TRIB1 rs4351379 minor allele is associated with more
decreased CMT after six months of treatment.

IL-9 151859430, rs2069870 and rs2069884 minor alleles are asso-
ciated with worse best-corrected visual acuity (BCVA) before anti-
VEGF treatment; IL-9 rs2069885 minor allele is associated with
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better improvement of BCVA after six months of anti-VEGF
treatment.

3. VEGFA rs699947 allele C is associated with worse BCVA before
and after 3 and 6 months of anti-VEGF treatment and higher CMT
after six months of anti-VEGF treatment.

We believe that identified immunogenetic markers or biomarker

complexes could become prognostic tools and help assure the most effective
treatment for AMD in the future.
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1. LITERATURE REVIEW

1.1. Age-related macular degeneration

AMD is generally described as a multifactorial, progressive, neurodege-
nerative disease of the macula that leads to loss of visual function and
eventual blindness. The macula is the central part of the retina where the pho-
toreceptors responsible for visual acuity and colour perception are concent-
rated [1]. While the disease is diagnosed in older people (60 years and older)
[2], the first signs of the disease can appear in people as young as 40 years
old [3]. AMD causes a decrease in visual acuity; it is difficult to recognize
faces, distinguish colours and decrease the overall quality of life [4].
The Age-Related Eye Disease Study (AREDS) classification system can be
used for AMD diagnosis and classification [5]:

1. Early AMD consists of a combination of multiple small drusen
(protein and lipid deposit) formation between the RPE and BrM [23]
and several intermediate (63—124 um in diameter) drusen, or retinal
pigment epithelial abnormalities; may not cause any symptoms.

2. The intermediate form is described as a presence of at least one large
(>125 pm in diameter) drusen, numerous medium-sized drusen, or
GA without extension to the center of the macula with mild symp-
toms as mild blurriness in their central vision or trouble seeing in
low lighting or may not cause any symptoms.

3. The advanced AMD is divided into:

e dry/atrophic AMD with the GA of the RPE;

e neovascular or exudative AMD, which is diagnosed when cho-
roidal neovascularization with detachments in the RPE haemor-
rhages and/or scars appear and cause progressive blurring or
other central vision impairments [24].

Although early AMD is much more common, exudative AMD can cause
blindness in up to 80 % of patients [6].

1.2. AMD prevalence

The exponential ageing of the population is a current global problem
affecting human health, including eye diseases. AMD is known to affect
about 10 % of people over 65 years and more than 25 % of people over
75 years in developed countries [23], and early AMD is also diagnosed in 4
% of people under 60 years and more than 30 % of people over 85 years [25].
The earlier study projection shows that the number of people with early AMD
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will increase to 21.5 million and late AMD to 4.8 million in Europe. A
dramatic increase is expected for the whole world to be up to 288 million in
2040 [8].

About 65 % of people with AMD are women, and only 35 % are men.
This ratio could be explained by the higher overall survival rate of women
and longer life expectancy leading to age-related diseases such as AMD [7].

The incidence of AMD also varies significantly between different ethnic
groups: The majority of people with AMD in the United States are Caucasian,
but the incidence among Latin Americans is expected to increase sixfold by
2050 [7]. Wong et al. also studied different racial and ethnic groups in the
United States and found that AMD is more common in people of European
descent (12-30 %), with incidence increasing with age [2].

On the other hand, Wong and co-authors found that the incidence of
AMD was similar in ethnic groups of Latin Americans (10.4 %), Africans
(7.5 %) and Asians (7.4 %) [2].

Klein and co-authors found that the incidence of AMD was only 7.3 %
in white Europeans and 2.4 % in African Americans [26]. The differences in
the incidence of AMD observed between racial or ethnic groups indicate the
importance of environmental and genetic factors in the development of AMD.

1.3. AMD pathogenesis

The pathophysiology of AMD is not clearly understood yet. It has been
associated with environmental factors [27, 28] and genetic factors [29],
metabolite profile [30] and even alterations in the microbiome [31].
Drusogenesis and oxidative stress are still the leading processes in AMD [9].
The accumulation of molecular debris, including lipid and protein particles
and reactive oxygen species (ROS), leading to chronic inflammation, causes
irreversible damage to RPE cells and photoreceptors in the macula [11,12] as
well as the breakdown of the blood ocular barrier, which is a normal function
in protecting the eye [13].

Drusen are described as tiny particles of lipid, protein and collagen
deposits that accumulate between the RPE and BrM in the retina [10]
(Fig. 1.3.1).
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Fig. 1.3.1. Drusogenesis

Drusen or lipid, protein or collagen accumulates between the RPE and Bruch’s membrane in
the retina and damage choriocapillaris, which start leaking and cause local oedema leading
to acute visual loss. Adapted by Maeva [32].

The RPE controls fluid transport between the choriocapillaris and retina,
including lipid transport and metabolism and oxygen transport [33]. The BrtM
is a five-layer extracellular matrix between the RPE and the choroid. It
regulates metabolic exchange between RPE cells and blood flow out of the
choroid through the semi-permeable filtration barrier [34]. Any change in the
structure of the BrM can affect the dysfunction of the RPE and the outer retina
[35]. One of the most biologicaly important processes that can affect the BrM
is ageing: age-related processes push for the accumulation of incompletely
digested phospholipids [36] and, in combination with oxidative stress, lead to
lipid peroxidation [37] and lysosomal defects in the outer segments of
photoreceptors [38].

Oxidative stress caused by reactive ROS, nitric oxide (NO), oxidized
lipoproteins, advanced glycosylation end products (AGEs) and apoptotic cells
leads to ocular inflammation [39—41]. These accumulated substances also
cause the RPE to release large amounts of various inflammatory factors.
Long-term exposure to these factors leads to degeneration and atrophy of
photoreceptors and RPE cells in the retina [14]. During inflammation, com-
ponents of the complement system are activated, and their prolonged
accumulation impairs the RPE and promotes the activation of inflammatory
cells (leukocytes, microglial cells, macrophages) [42]. When macrophage
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recruitment to the site of inflammation is impaired, the accumulating meta-
bolites stimulate the release of a high amount of proangiogenic mediators
such as vascular endothelial growth factor A (VEGF-A), which trigger prog-
ressive angiogenesis [19, 39, 43, 44]. New but weak, permeable and leaky
blood vessels in the choroid cause local oedema leading to acute visual loss
with haemorrhage and fibrotic scarring [45]. These pathological processes are
responsible for the breakdown of BrM and the extracellular matrix, leading
to the development of exudative AMD [43].

1.4. AMD etiology and risk factors

AMD is thought to have a multifactorial aetiology: environmental
factors, genetic factors, lifestyle, gender and age. The risk of developing
AMD increases with age. In people older than 75 years, the risk rises threefold
compared to people between 65 and 74 years [46]. Women older than 75 are
more likely to be diagnosed with AMD than men [46]. People who smoke ten
packs of cigarettes per year increase the risk of developing exudative AMD.
In the UK population, the risk of developing AMD was calculated, taking into
account other risk factors such as socioeconomic factors, alcohol consump-
tion and cardiovascular disease in smokers and non-smokers aged over
75 years. AMD occurred twice as often in smokers as in non-smokers; ex-
smokers had a slightly increased risk, while those who had stopped smoking
20 years or more ago had no increased risk [47].

Some studies show a corrneelation between the colour of the iris and the
manifestation of AMD. The lighter colour is associated with the higher the
likelihood of developing the disease, but researchers have not considered
other possible risk factors [48]. Some twin studies [49, 50] have been conduc-
ted that showed higher concordance in identical twins than in fraternal twins.
A positive family history of AMD increases the impact of developmental risk
by a factor of 2 to 27 [51, 52]. Systemic disease is a significant risk factor for
the development of AMD. The incidence of AMD has been studied in patients
who had hypertension, dyslipidaemia and cardiovascular diseases such as
myocardial infarction and angina [53]. Cholesterol is a component of drusen
[54], so dyslipidaemia is a risk factor for the development of atherosclerosis,
which exacerbates AMD. One study showed that HDL and total cholesterol
levels correlated positively with AMD development [55].

Besides mentioned AMD risk factors, as much as 70 % of them are gene-
tic and genetic factors involved in lipid metabolism, inflammation and neo-
vascularization are currently being widely studied with AMD development.
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1.5. AMD treatment

In the pathogenesis of AMD, not all molecular mechanisms have been
explored. The possible treatments do not cure the cause and only stop the
progression of symptoms, such as improving visual acuity. None of the
currently proposed methods can cure or change the course of this disease.
Although the anti-VEGF drugs used to treat the exudative form of AMD are
considered a therapeutic achievement because of their positive effect on
visual acuity, other ways to treat this disease are still being sought. There is
still no treatment for the dry form of AMD, but intensive research is being
conducted to change the current situation [56].

1.5.1. Methods for the treatment of the exudative form of AMD

In 2000, the treatment method for wet AMD was approved — photodyna-
mic therapy using intravascular light-sensitive verteporfin (benzoporphyrin
derivative; Visudine) and low-power red laser (689 nm). It fundamentally
changed the approach to treating untreatable choroidal neovascularisation
(CNV). The essence of the treatment was the newly formed vessel occlusion.
However, side effects are also possible, such as impaired visual acuity in the
occlusion areas and renewal of neovascularisation three months after
photodynamic therapy [57]. This method is rarely used as monotherapy but
is usually preferred as part of combined therapy. If monotherapy with anti-
VEGEF drugs is ineffective, anti-VEGF medicines and/or corticosteroids are
combined [57]. Currently, there are three major anti-VEGF drugs in ophthal-
mology: Bevacizumab (Avastin), Ranibizumab (Lucentis) and Aflibercept
(Eyles). These drugs are injected into the vitreous under sterile conditions and
according to a predetermined schedule. According to recent studies, the
cumulative effect of high-risk alleles results in the younger age of onset of
neovascular AMD and poor response to intravitreal ranibizumab treatment.
Identifying high-risk markers would help clinicians select the best treatment
[58].

1.5.2. Methods for the treatment of the dry form of AMD

Currently, there is no approved treatment for the dry form of AMD.
Numerous clinical trials have been conducted to find the right drug, but no
optimal variant has been found for a long time. The test drugs have been
divided into groups according to their mechanism of action, which reduces
oxidative stress, modulators of the visual cycle (fenretinide — blocks retinol-
binding protein), neuroprotective agents (ciliary neurotrophic factor (CNTF) —
protects photoreceptors from degeneration; Tandospirone — protects photore-
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ceptors and RPE from oxidative stress), drugs that reduce toxic by-products
(RN6G — reduces beta-amyloid accumulation in drusens), drugs that inhibit
inflammation (ILuvien — immunosuppressive glucocorticosteroid, is current-
ly approved for the treatment of diabetic macular oedema; FCFD4514S
(Lampalizumab) — inhibits complement activation and chronic inflammatory
processes in tissues), vascular enhancers (MC-1101 — improves choroidal blood
flow), stem cells (MA09-hRPE — transplanted human RPE embryonic cells;
itMSC-DryAMD - ischaemia-tolerant mesenchymal cells; HuCNS-SC — the
stem cells of the central nervous system) [59]. Currently, there is insufficient
information to develop evidence-based recommendations for the potential
drug safety and efficacy of a complementary inhibitor for the prevention and
treatment of AMD [56].

1.6. AMD prevention

It must be remembered that carotenoids — lutein and zeaxanthin — are
essential in preventing AMD [60]. They are concentrated in the macula and
form macular pigment [61]. Macular pigment may protect against the
development of AMD because it has physical properties that philtre out blue
light and act as a local antioxidant [62, 63]. Epidemiological studies have
shown that the risk of AMD decreases when lutein and zeaxanthin are taken
[64—67]. The metabolism of these lipophilic molecules is closely linked to
cholesterol metabolism [62]. Lutein and zeaxanthin are absorbed in intestinal
fat and transported to the retina in the presence of low-density lipoproteins
(LDL) and high-density lipoproteins (HDL), respectively [68]. They act as
antioxidants — limiting oxidative damage to retinal cells, including protection
against AMD progression [62], and altering lipid metabolism, overall with
increased AMD risk factors that may influence macular pigment accumu-
lation [69].

1.7. Single nucleotide polymorphisms and proteins’ role in AMD

1.7.1. Collagen

Collagen accounts for one-third of the total protein content in the body
[70]. Collagens are essential supporting proteins of the extracellular matrix,
which is found in connective tissue and the membrane of epithelial tissue
[71]. There are two groups of collagens according to the structure they form,
for example, fibrillar collagens (types I, II, III and V) and non-fibrillar —
basement membrane collagen (type IV) [72]. Collagen performs several
functions in cells: Several collagens play an essential role in cell adhesion,
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vital for maintaining normal tissue structure and function [73]. Most im-
portantly, collagen is a significant component of the extracellular matrix [74].

1.7.2. Collagen type VIII alpha-1 (COL8AI) gene

The COLS8AI gene is located on chromosome 3q12.1 [75]. It encodes one
of the two alpha chains of collagen type VIII, a central component of the
basement membranes of corneal endothelial cells, including BrM, choroidal
stroma and blood vessel endothelia, which play a role in maintaining vascular
integrity and structure [76, 77] BrM and new blood vessel formation play a
key role in the pathogenesis of AMD [78]. Recent studies have discovered an
intronic variant in the COL8A41 gene (rs13095226) that suggests an associa-
tion with advanced AMD [33, 79-83].

1.7.3. Collagen type X alpha-1 (COL10AI) gene

Another member of the collagen gene family is the COLI0AI gene,
which is located on chromosome 6q22.1 [84] and encodes the alpha chain of
type X collagen. Hypertrophic chondrocytes express this short-chain collagen
during endochondral ossification. COLI0AI expression was shown to be
significantly downregulated in patients with osteoarthritis [85], but the
expression was higher in various solid tumours and correlated with tumour
vasculature [86]. The novel variant near FRK/COL10A1 (rs1999930) has
been linked to the advanced development of AMD [80], suggesting that
COL10A1 is a potential locus for future association studies.

1.7.4. RAD51D Paralog B (RAD51B)

The RADSI1B protein is involved in the homologous recombinative
repair of DNA double-strand breaks by promoting the activity of the central
recombinase [87]. The absence of RADS51B protein is thought to interfere
with the formation of the RADS51 nucleoprotein filament, which is the first
step in homologous recombination repair [88].

1.7.5. RAD51B gene

The RADS5IB gene is located on chromosome 14q24.1 [89]. While
oxidative stress has been associated with various types of DNA damage that
play an essential role in ageing and age-related diseases [90,91], only a few
studies [92, 93] have shown a significant link between DNA damage asso-
ciated with oxidative stress and the development of AMD. In addition, recent
studies have identified new genetic variations in the RADS51B gene that may
be related to AMD [22, 81, 82, 94].
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1.7.6. Tribbles pseudokinase 1 (TRIB1)

TRIBI is mainly found in the nucleus of a cell. These g-protein-coupled
receptor-induced proteins play a role in the mitogen-activated protein kinases
(MAPK)-related signalling cascade [95, 96], which mediates cell prolifera-
tion, differentiation and apoptosis [97] and may also regulate lipid metabo-
lism through this pathway [21]. It has also been suggested that TRIB1 expres-
sion is regulated by inflammatory stimuli [98], one of AMD's pathogenic
mechanisms.

1.7.7. TRIBI gene

The TRIBI gene is located on chromosome 8q24.13 [99]. A SNP in the
TRIBI gene (rs6987702) is associated with AMD in the African-American
and Mexican-American populations [100], suggesting a significant role of
TRIBI in the development of AMD, which was also considered in our study.

1.7.8. Interleukin 9 (IL-9)

IL-9 belongs to the IL-2Ryc-chain family and acts as a pleiotropic
cytokine in inflammatory processes [101]. T lymphocytes, or more speci-
fically Th2, have been described as the primary source of IL-9 production
[102]. However, further studies have found other cell types, including Th9,
mast cells, innate lymphoid cells, NK cells and even Foxp3+ Tregs, and
mucin-producing cells eosinophils can also produce IL-9 [103—105]. In addi-
tion, Dardalhon et al. have identified unique T cells that produce both IL-9
and IL-10, leading to tissue inflammation [106]. Previously, IL-9 had been
described as a growth factor for only T and mast cells [107, 108]. It is known
that IL-9 can promote the growth and function of erythroid progenitor cells,
foetal thymocytes, myeloid progenitor cells and human megakaryoblastic
leukaemic cell lines [109]. The behaviour of IL-9 is regulated by the specific
IL-9 receptor (IL-9R), which consists of two subunits: the alpha chain (IL-9Ra)
and the common gamma chain receptor. IL-9 binds the IL -9Ra subunit and
forms the IL-9R heterocomplex. Due to the lack of specific enzymatic acti-
vity, the JAK/STAT pathway must be activated, and JAK is the initiator of
the subsequent phosphorylation cascades [110]. Previous inflammation-rela-
ted studies were reviewed and showed the pathogenic role of IL-9 in the
development of inflammatory diseases [109].

In addition, IL-9 has also been previously investigated in several AMD
studies [111-114]. Still, only Lin et al. showed that the cytokine IL-9 was
overexpressed in stimulated RPE cells, which may be related to AMD
development [19].
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1.7.9. IL-9 gene

The IL-9 gene is located on chromosome 5q31.1 [115]. Several /L-9 gene
SNPs have already been identified as potential biomarkers for inflammatory
diseases: atopic dermatitis, asthma, respiratory syncytial virus (RSV) infec-
tion and pituitary adenoma [116—121], and an SNP in the IL-9 gene has also
been associated with IL-9 expression [122]. Given the confirmed role of
inflammation and IL-9 in the development of AMD, five IL-9 SNPs (rs1859430,
rs2069870, rs11741137, rs2069885, and rs2069884) were selected for the
current study. Otherwise, no IL-9 SNPs have been analyzed in AMD
according to the databases.

1.7.10. Interleukin 10 (IL-10)

IL-10 belongs to the IL-10 family and regulates the inflammatory respon-
se as an anti-inflammatory cytokine [123]. Macrophages are the primary
source of IL-10 is. However, other immune cells: monocytes, dendritic cells,
B lymphocytes, T helper 1 (Thl) and Th2 lymphocytes, mast cells, NK cells,
cytotoxic T cells, granulocytes such as neutrophils and eosinophils can
secrete this interleukin [124, 125]. As a pleiotropic cytokine, IL-10 inhibits
antigen-presenting cells via inhibiting the expression of major histocompa-
tibility complex (MHC) class II molecules. It also suppresses the expression
of other interleukins (IL-1, IL-6, IL-8, IL-12) and tumour necrosis factor-
alpha (TNF-a). In addition, IL-10 promotes proliferation, activation and
differentiation in B cells and helps prevent cell apoptosis [124,126]. The
immunosuppressive IL-10 function is mediated by the heterodimeric IL-10
receptors: IL-10R1 and IL-10R2. IL-10R1 primarily ligates to IL-10 and
dimerizes with IL-10R2, leading to activation of the JAK/STAT signaling
pathway. Phosphorylated STAT3 molecules enter the nucleus and induce
changes in the expression of immunomodulatory genes, leading to inhibition
of secreted pro-inflammatory cytokines and downstream immune responses
and regulating the activity of growth factors such as VEGF-A [127, 128]. The
changes in IL-10 levels have been reported as a significant pathophysiological
modulator in many diseases and have been studied previously [126]. Previous
studies have also shown that elevated IL-10 levels may be associated with the
development of choroidal neovascularization [129, 130] or overall AMD
[131, 132]. Another study also published opposite results [133].

1.7.11. IL-10 gene

The IL-10 gene is located on chromosome 1g32.1 [134]. The three most
studied SNPs in the /L-10 promoter region were selected for our study: -592
A/C (rs1800872), -819 C/T (rs1800871) and -1082 G/A (rs1800896), as they
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have been described as the most important genetic variants [135]. These
genetic alterations have been associated with IL-10 levels [126], and several
diseases: RSV bronchiolitis or oesophageal cancer in the Chinese population
[136], and AMD [69, 70]. While one study did not find associations between
IL-10-592 A/C, -819 C/T or -1082 G/A polymorphisms and advanced AMD
[137], another study found IL-10 -1082 associations with AMD [138].

1.7.12. Vascular endothelial grow factor A (VEGF-A) and receptor
for vascular endothelial grow factor 2/ kinase insert domain receptor
(VEGF-R2/KDR)

VEGF-A regulates angiogenesis in vascular endothelium by binding two
types of VEGF family receptors: VEGF-R1, encoded by the FMS-related
tyrosine kinase 1; FLT1 gene and VEGF-R2, encoded by the kinase insert
domain receptor; KDR gene [139]. One of high-affinity receptor tyrosine
kinases, VEGF-R2, is a primary angiogenic receptor associated with
VEGFA-stimulated vascular permeability [140, 141], while VEGF-R1 is
targeted for endogenous VEGF-A inhibition [140, 142].

While only exudative AMD is already treated with anti-VEGF inhibitors,
in recent years, VEGF-A and its signaling pathway have been targeted for the
most effective therapeutic development [18], including the other molecules
based on the pathogenic processes in which they are involved [15]. Serum
VEGF-A levels are being studied in depth in the development of AMD.
Elevated VEGF-A levels in exudative AMD [112, 143] and patients with total
AMD have been reported previously [16, 144, 145].

VEGF-R2 levels have only been analyzed in a few studies, suggesting
different roles of VEGF-R2 in AMD pathogenesis. Recently, the opposing
roles of serum VEGF-R2 levels in AMD have been reported [146—148].

1.7.13. VEGFA gene

The VEGFA gene is located on chromosome 6p21.1 [149]. A wide range
of VEGFA SNPs have been studied concerning the development of AMD,
demonstrating different roles of SNPs in AMD pathogenesis [16, 145, 150—
156], and response to treatment [157—164]. Considering the significant
associations with AMD in previous studies, we decided to investigate the
effects of four SNPs in VEGFA on AMD in the Lithuanian population.

In the overall, the genetics play a crucial role in many diseases including
AMD, so it is important to highlight the most important pathways of AMD
pathogenesis and analyse it’s components which could help to find the best
targets for the future studies, especially including the possible markers for
AMD treatment development.
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2. METHODS

The present Lithuanian population-based case-control study was perfor-
med at the Laboratory of Ophthalmology, Neuroscience Institute, Lithuanian
University of Health Sciences, Kaunas, Lithuania.

2.1. Ethics

The recent study was conducted according to the guidelines of the
Declaration of Helsinki, and protocol was approved by Kaunas Regional
Biomedical Research Ethics Committee, Lithuanian University of Health
Sciences (No. BE-2-/48) (Supplementary material 1). All participants were
informed about the study structure and objectives. The written informed
consent form was obtained from all study subjects.

2.2. Study design and structure

2.2.1. Study Design

The study groups consisted of subjects who were admitted for the
ophthalmological evaluation to the Ophthalmology Department, Hospital of
Lithuanian University of Health Sciences Kauno klinikos during the period
from 2014 to 2021. An ophthalmological evaluation was performed for all the
study subjects, and data about general health and other diseases were obtained
during an examination by a family doctor and gathered from medical records.

2.2.2. Study Structure

The whole study was divided into four individual studies (Study I-
Study 1V) (Fig. 2.2.2.1).
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Study I: RADS5IB, TRIBI, COL8AI and COL10A41 genetic variants with a
predisposition to age-related macular degeneration (Vilkeviciiite A.
ct al., 2019) [164].

* Early AMD, n= 254 « Exudative AMD, n= 244 « Control group, n= 942

v

Study IT: /-9 and /-10 genetic variants and IL-9 and IL-10 serum levels
in age-related macular degeneration (Vilkeviciute A. et al., 2021)
[165].

» Early AMD, n = 343 » Exudative AMD, n =422

* Atrophic AMD, n=61 « Control group, n = 383

Y

Study IIl: VEGFA genetic variants and VEGF-A and VEGF-R2/KDR scrum
levels in age-related macular degeneration (Vilkevicialé A. et al.,
2021) [166].

* Early AMD, n =339 « Exudative AMD, n=419 « Conlrol group, n =374

Study IV: Immunogenetic marker associations with exudative age-related
macular degeneration treatment efficacy (Unpublished data).
Exudative AMD:;
» Responders, n=97  * Non-responders, n =22

Fig. 2.2.2.1. Study structure

The thesis consists of four studies. Study I describes the associations between RADS5IB
(rs8017304 and rs2588809), TRIBI (rs6987702, rs4351379, and rs4351376), COLS8AI
(rs13095226), and COLI10AI (rs1064583) gene variants and early and exudative AMD
development [165]. Study II describes associations between 1L-9 (rs1859430, rs2069870,
rs11741137, rs2069885, and rs2069884) and IL-10 (rs1800871, rs1800872 and rs1800896)
genetic variants and early, exudative, and atrophic AMD development [166]. New study
subjects were added into patients’ groups, and younger controls were excluded from the
control group. Also, this study includes IL-9 and IL-10 serum concentration analysis in 19
control subjects, 20 patients with early AMD, 20 atrophic AMD, and 26 exudative AMD.
Study III describes the associations between VEGFA (rs1570360, rs699947, rs3025033, and
1s2146323) genetic variants and early and exudative AMD development [167]. The same
study subjects as in Study II were analysed. Only the atrophic AMD group and several sub-
jects were excluded because of insufficient DNA. Moreover, this study includes VEGF-A
and VEGF-R2 serum concentration analysis in 19 control subjects and 20 patients with
exudative AMD. All genetic variants were analysed using TagMan genotyping assays and
serum protein concentrations measured using the ELISA method. Study IV describes the
associations between genetic variants and protein concentrations from Study I-Study III and
response to exudative AMD treatment with intravitreal anti-VEGF injections. Overall, the
response to treatment was evaluated for 119 exudative AMD patients.
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2.3. Ophthalmological evaluation

Present study subjects were evaluated by slit-lamp biomicroscope as
described in our previous publication [166]. All AMD patients underwent
optical coherence tomography (OCT), and optical coherence tomography
angiography (OCT-A) was performed to confirm the late AMD after the OCT
examination.

2.4. AMD group

AMD group consisted of subjects who underwent ophthalmological
evaluation and were diagnosed with early, exudative, or atrophic AMD
(Fig. 2.4.1).

Fig. 2.4.1. Macular changes in early, exudative, and atrophic AMD
A — Early AMD; B — Exudative AMD; C — Atrophic AMD.

2.4.1. AMD exclusion criteria

1. Unrelated eye disorders, e.g., high refractive error, cloudy cornea, lens
opacity (nuclear, cortical, or posterior subcapsular cataract) except minor
opacities, keratitis, acute or chronic uveitis, glaucoma, or diseases of the
optic nerve.

2. Systemic illnesses, e.g., diabetes mellitus, malignant tumours, systemic
connective tissue disorders, chronic infectious and non-infectious
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diseases, hypertension, coronary artery disease, stroke or conditions
following organ or tissue transplantation.

3. Ungraded colour fundus photographs resulting from obscuring the ocular
optic system or because of fundus photograph quality.

4. Use of antiepileptic or sedative drugs.

2.4.2. Exudative AMD response to anti-VEGF injection treatment

The anti-VEGF treatment efficacy was evaluated for exudative AMD
patients presenting exudative or haemorrhagic features in the macula but who
had no previous intravitreal anti-VEGF injections or any other treatment and
were followed-up at least six months after the first injection of anti-VEGF.
Central macular thickness (CMT) and best-corrected visual acuity (BCVA)
measurements were performed before therapy, at three months, and at six
months after the first anti-VEGF intravitreal injection. Insufficient effect in
structural changes was considered when according to OCT there was an
increase in CMT of 100 uM after six months from the first injection, or
persistent macular oedema. CMT changes were calculated accordingly: CMT
before treatment minus CMT after three or six months.

BCVA was evaluated before therapy, at three months and at six months
after the first anti-VEGF intravitreal injection. BCVA deterioration was
considered when patients loss one or more signs from the chart. BCVA
changes during the treatment period were calculated according to the formula:
BCVA after three or six months minus BCVA before treatment.

Based on OCT and BCVA clinical data, patients with exudative AMD
were divided into two groups: responders and non-responders. The non-
responders’ group consisted of patients with at least two signs: reduced
BCVA, increased CMT of 100 uM after six months from the first injection
compared to the CMT before treatment, and persistent macular oedema. The
responders’ group included patients who had less than two of those signs.

2.5. Control group

Subjects who underwent ophthalmological evaluation were involved in
the control group.

2.5.1. Control group inclusion criteria

1. Older than 18 years.
Patients after senile cataract surgeries (without any other ocular
comorbidities).

3. Signed informed consent form.
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2.5.2. Control group exclusion criteria:

1. Unrelated eye disorders, e. g., high refractive error, cloudy cornea, lens
opacity (nuclear, cortical, or posterior subcapsular cataract) except minor
opacities, keratitis, acute or chronic uveitis, glaucoma, or diseases of the
optic nerve.

2. Systemic illnesses, e. g., diabetes mellitus, malignant tumours, systemic
connective tissue disorders, chronic infectious and non-infectious disea-
ses, hypertension, coronary artery disease, stroke or conditions following
organ or tissue transplantation.

3. Ungraded colour fundus photographs resulting from obscuring the ocular
optic system or because of fundus photograph quality.

4. Use of antiepileptic or sedative drugs.

2.6. Sample size

According to the power calculator [168] using the minor allele frequen-
cies of all the selected SNPs [169], which were > 10 %, and the global AMD
prevalence (8.7 %) [2], we determined that the sample size should be at least
about 100 subjects in a group. We confirmed that our collected sample sizes
for early and exudative AMD and control groups were sufficient to reach
80 % or higher power for the selected SNPs analysis. Unfortunately, the
atrophic AMD group is too small to reach at least the 80 % power, but the
atrophic AMD is rarer condition than the early and exudative AMD in
Lithuanian population to collect enough samples.

2.7. Deoxyribonucleic acid extraction from peripheral venous blood

Deoxyribonucleic acid (DNA) extraction was carried out at the Labora-
tory of Ophthalmology, Neuroscience Institute, LSMU. The DNA was
extracted from 200 pL peripheral venous blood samples collected in ethyle-
nediaminetetraacetic acid (EDTA) — containing vacutainer tubes and stored
at —80 °C until the DNA extraction procedure. Genomic DNA extraction was
performed utilizing a genomic DNA extraction kit based on silica-based
membrane technology (Thermo Fisher Scientific, Lithuania), based on the
manufacturer’s recommendations.
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2.8. Single nucleotide polymorphism selection

2.8.1. RADS51B (rs8017304 and rs2588809), TRIBI (rs6987702,
rs4351379, and rs4351376), COL8A1 (rs13095226), COL10A1
(rs1064583) genetic variants

Based on the multifactorial AMD pathogenesis, the SNPs selected for
this study were:

e an intronic variant in the COLS8AI gene (rs13095226), which was

found to have associations with advanced AMD [33, 79-83].

e variant near FRK/COLI10A1 (rs1999930) that has also been asso-
ciated with advanced AMD development [80], suggesting COLI10A41
as a potential genetic locus for future association studies.

e two variants in RAD5IB gene (rs8017304 and rs2588809) were
selected regarding the oxidative stress, which has been associated
with the various types of DNA damage that play an important role
in ageing and age-related diseases [90, 91], including AMD [92, 93]
and previously published associations between genetic variations in
the RAD51B gene and AMD [22, 81, 82, 94].

e It has also been variant in the TRIBI gene (rs6987702) has been
selected based on the previous studies suggesting that TRIB1
expression is regulated by inflammatory stimulation [98]. Also, the
variant has been found to be associated with AMD in African-
American and Mexican-American populations [100], suggesting a
significant role for TRIB1 in the development of AMD.

However, association studies of these SNPs have not been performed in
both forms-early and exudative AMD. Therefore, considering previously
studied associations between genetic variations and AMD, we have selected
three previously described SNPs in RADS5 1B (rs8017304), TRIB1I (rs6987702),
COLS8AI (rs13095226), and four novel genetic loci in RADS5 1B (rs2588809),
TRIB1 (rs4351376; 1s4351379), and COLI10A1 (rs1064583) as potential
biomarkers for early and exudative AMD.

2.8.2. IL-9 (rs1859430, rs2069870, rs11741137, rs2069885, and
rs2069884) and IL-10 (rs1800871, rs1800872, and rs1800896)
genetic variants

Based on the database the interactions between the IL-9 and IL-10 have
been shown [170], so five IL-9 gene SNPs (rs1859430, rs2069870, rs11741137,
rs2069885, and rs2069884) and three SNPs in the /L-70 gene (rs1800871,
rs1800872, and rs1800896) with minor allele frequencies greater than 0.1 in
the Europe population were selected from the SNP database [169].
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e 152069885: a missense variant which results in a threonine to
methionine amino acid substitution;

rs1859430 intronic variant, located in the coding region of IL-9;
152069884 intronic variant, located in the coding region of IL-9;
rs11741137: a downstream, gene variants without known functions;
1s2069870: an upstream gene variant without known functions.

In addition, /L-9 rs1859430, rs11741137, rs2069884 and rs2069885 have
already been identified as potential biomarkers for other diseases like asthma
or alergic rihnitis [116—121,171].

The widely studied /L-10 rs1800871, rs1800872 and rs1800896 SNPs
were selected as potential biomarkers for AMD based on their location in the
upstream /L-10 promoter region and their associations with IL-10 mRNA
transcription and IL-10 protein expression [135].

For the first time, all these eight SNPs were selected for an AMD
association study, suggesting their and IL-9 and IL-10 roles in the interleukin
signaling pathway in AMD development.

2.8.3. VEGFA (rs1570360, rs699947, rs3025033, and rs2146323)
genetic variants

In the present study, two tag SNPs (intron variants rs3025033 and
1s2146323) covering two haploblocks (Fig. 2.8.3.1) (rs833068 have already
been analyzed in our previous research study) [172] were selected from the
Utah Residents with Northern and Western European ancestry (CEU)
population using the public HapMap genotyping database. The pairwise
option of the online LD Tag SNP selection tool [173] was used with the
following settings: with r? = 0.8 set, and a minimum number of SNPs tagged
by each tag SNP was 2.

Two other VEGFA promoter polymorphisms: -2578C/A (rs699947) and
-1154G/A (rs1570360), were selected additionally based on the previous
inconsistent results [150] and potential multiple SNP associations with the
AMD [155].

Finally, 4 SNPs in VEGFA (rs1570360, rs699947, rs3025033, and
1s2146323) were selected for genotyping and further analysis.
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Fig. 2.8.3.1. Tag SNPs with haploblocks in CEU population, HapMap data

LD Tag SNP selection tool [173] was used with the following settings: selected VEGFA
genetic variants genotyping data in CEU population from HapMap database with the LD
threshold 2 = 0.8 and a minimum number of SNPs tagged by each tag SNP = 2.

2.9. Genotyping

The genotyping of nineteen SNPs: RADS5 1B (rs8017304 and rs2588809),
TRIBI (rs6987702, rs4351379, and rs4351376), COL8AI (rs13095226),
COLI10AI (rs1064583), IL-9 (rs1859430, rs2069870, rs11741137, rs2069885,
and rs2069884) and /L-10 (rs1800871, rs1800872, and rs1800896) and
VEGFA (rs1570360, r1s699947, rs3025033, and rs2146323) was carried out at
the Laboratory of Ophthalmology, Neuroscience Institute, LUHS, using
predesigned TagMan™ Genotyping assays (Thermo Fisher Scientific, Plea-
santon, USA) according to the manufacturer’s recommendations.

TagMan™ SNP Genotyping Assay is a fluorescence-based genotyping
assay for real-time polymerase chain reaction (RT-PCR), which includes two
differentially labelled, allele-specific TagMan minor groove binder (MGB)
probe and PCR primer pairs that uniquely amplify and provide high speci-
ficity for the allele of interest.
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TagMan™ MGB Probes incorporate a 5' fluorescent reporter dye
(FAM™L. 6-carboxyfluorescein or VIC®) and a 3' nonfluorescent quencher
(NFQ) — TAMRA™ (6-carboxytetramethylrhodamine, succinimidyl ester).
As with the standard TagMan™ assay, when the probe is intact, the proximity
of the reporter dye to the quencher suppresses reporter fluorescence.

During polymerization, strand synthesis begins to displace any
TagMan™ probes that have hybridized to the target sequence and the 5>3'
exonuclease activity of the specific Taq DNA polymerase cleaves the reporter
dye from the probe. Since the reporter is no longer subjected to quencher, it
starts to fluorescense. This fluorescence is measured, and the level is directly
proportional to the amount of target DNA accumulating during the PCR
reaction.

Genotyping assay preparation protocol is presented in Table 2.9.1. Pre-
pared mixture was poured into 96-well plates. 95 well were filled with diffe-
rent DNA samples and the last well was used as a no template control (NTC)
were 1 pl of nuclease-free water was used instead of DNA. Then plate was
covered with the adhesive film, centrifuged, and run on the RT- PCR system
“Step One Plus” according to the following conditions: 95 °C for 10 min (Taq
polymerase activation), 92 °C for 15 sec for denaturation, and 60 °C for 1 min
for annealing and extension. The program was set to monitor the complete
amplification for 45 cycles.

Table 2.9.1. Genotyping assay preparation

Reagents 1X, pl | 96X, pl
TagMan™ Universal Master Mix 11, no UNG (4pplied Biosystems by sul | 480 ul
Thermo Fisher Scientific, Lithuania) H "
TagMan™ SNP Genotyping Assay Assay (20x) (Applied Biosystems 05ul | 48 ul
by Thermo Fisher Scientific, UK) ~ B "
N}lcleasF:—free water (Applied Biosystems by Thermo Fisher Scientific, 3,5l | 350 ul
Lithuania)
Total genotyping mixture volume 9ul | 878 ul
Genomic DNA 1 ul
Total volume per well 10 pl

The identification of all single-nucleotide polymorphisms was performed
on a “StepOnePlus” real-time PCR quantification system (Thermo Fisher
Scientific, Singapore). Genotyping results were obtained using Genotyping
program on the StepOne V.2.3 software (Fig. 2.9.2).
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Fig. 2.9.2. Example genotypes obtained using TagMan™ chemistry
and an “Step-One Plus” RT-PCR machine

Different colours define three different genotypes for tartgeted SNP: A fluorescent signal
from only the VIC dye indicates homozygosity for Allele “A”; the presence of only FAM
dye fluorescence indicates homozygosity for Allele “B,” and the presence of both fluorescent
signals indicates Allele “A”/Allele “B” heterozygosity.

2.10. Quality control of genotyping

5 % randomly chosen samples were repetitively genotyped for all four
SNPs to confirm the same rate of genotypes from initial and repetitive

genotyping.
2.11. Serum protein concentration measurement

Obtained serum was portioned into 200 pl aliquots to Eppendorf tubes
and frozen at —80 °C.

Human IL-9, IL-10, VEGF-A and VEG-FR2/KDR assays were perfor-
med using the Invitrogen ELISA Kit (Cat. No. BMS2081) for human IL-9,
assay range: 3.1-200 pg/mL, sensitivity 0.5 pg/mL; Invitrogen ELISA Kit
(Cat. No. BMS215-2) for human IL-10, assay range: 3.15-200 pg/mL, sensi-
tivity 1 pg/mL; Invitrogen ELISA kit (Cat. No. BMS277-2) for VEGF-A,
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assay range: 15.6 — 1000 pg/mL, sensitivity 7.9 pg/mL; Invitrogen ELISA kit
(Cat. No. BMS2019) for VEGF-R2/KDR, assay range: 78-5000 pg/mL,
sensitivity 7 pg/mL, following the manufacturer’s instructions. Protein con-
centrations were analysed and calculated using the Multiskan FC Microplate
Photometer (Thermo Fisher Scientific, Waltham, MA, USA) at 450 nm.
Samples were excluded if serum cytokine concentrations were below the
detection range.

2.12. Statistical analysis

Statistical analysis was performed using the SPSS/W 27.0 software
(Statistical Package for the Social Sciences for Windows, Inc., Chicago,
Ilinois, USA). Continuous data (age, protein serum concentrations, BCVA,
and CMT) were evaluated for normality by the Kolmogorov-Smirnov test.
Continuous variables presented median with interquartile range (IQR) based
on non-normal data distributions. The Mann-Whitney test was used to
compare two groups for non-normally distributed data.

Categorical data (gender, genotype, and allele distributions) are
presented as absolute numbers with percentages in brackets and compared
between the early, exudative, atrophic AMD and control groups using the
Chi-square ()?) test. Hardy-Weinberg equilibrium (HWE) was evaluated to
compare the observed and expected frequencies of RADSIB (rs8017304;
1s2588809), TRIB1 (rs6987702; 1s4351379, 1s4351376), COL8A1 (rs13095226),
COLI10A1 (rs1064583), VEGFA (rs1570360, rs699947, rs3025033 and
1s2146323), IL-9 (rs1859430, rs2069870, rs11741137, rs2069885, and
1s2069884) and IL-10 (rs1800871, rs1800872, and rs1800896) using x* test
in the control group as well. Fisher’s exact test was used only to compare the
allele distributions between exudative AMD subgroups: ‘responders’ and
‘non-responders’, when the number of subjects was less than 50 in one
subgroup.

The impact of SNPs on early, exudative, and atrophic AMD was eva-
luated using binomial logistic regression analysis. Results presented as odds
ratios (ORs) with 95 % confidence interval (CI) and adjusted by covariate
effect for age in the exudative AMD groups. The logistic regression results
were expressed as statistical genetic models (codominant: heterozygotes vs.
major allele homozygotes and minor allele homozygotes vs. major allele
homozygotes; dominant: minor allele homozygotes and heterozygotes vs.
major allele homozygotes; recessive: minor allele homozygotes vs. major
allele homozygotes and heterozygotes; overdominant: heterozygotes vs.
homozygotes with major allele and minor allele homozygotes; the additive
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model was used to evaluate the impact of each minor allele of genotype on
AMD: minor allele homozygotes vs. heterozygotes vs. major allele homozy-
gotes). The best genetic model was selected based on the Akaike information
criterion (AIC); therefore, the best genetic models had the lowest AIC values.

Haplotype analysis was performed in the early AMD and control groups,
and exudative AMD and control groups separately, using online SNPStats
software (https://www.snpstats.net/snpstats/) [174]. Linkage disequilibrium
(LD) was measured and presented as D’ and r? values. The haplotype asso-
ciations with AMD were calculated by logistic regression and presented as
ORs and 95 % CI and values adjusted for age in the exudative AMD analysis.
Haplotypes with less than 1 % frequencies were pooled into one group and
described as “rare”.

A two-sided test with a value less than 0.05 was considered statistically
significant. Also, we introduced an adjusted significance threshold, Bonfer-
roni correction, for multiple comparisons alpha = 0.05/n (where n-the number
of analysed SNPs in one study). Graphs were performed using GraphPad
Prism version 9.0.0 for Mac, GraphPad Software, San Diego, CA, USA).
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3. RESULTS

3.1. Study 1. RAD51B, TRIB1, COL8AI and COL10A1 genetic variants
with a predisposition to age-related macular degeneration

Study I involved 498 patients: 254 patients diagnosed with early AMD,
244 patients with exudative AMD and 942 healthy controls. The Control
group was formed of 942 subjects that matched gender classification in the
early and exudative AMD group structure; however, subjects of the control
group were younger than AMD patients (p<0.001), so the further analysis was
performed adjusted by age (Table 3.3.1).

Table 3.3.1. Demographic data of the Study 1

Characteristic Early AMD, | Exudative AMD,| Control, al
n =254 n=244 n =942 pvalue
Gender
Male, n (%)| 83 (32.7) 87 (35.7) 350 (37.2) 0.188*
Female, n (%) | 171 (67.3) 157 (64.3) 592 (62.8) 0.665**
Age years; median (IQR) 73 (12) 76 (11) 53 (0) <0.001*
<0.001%**

IQR — interquartile range; p — significance level, significance when p<0.05; p values marked
with bold indicate statistically significant p values; *Early AMD vs. Control group;
**Exudative AMD vs. Control group.

Analysis of RAD51B (rs8017304 and rs2588809), TRIB1 (rs6987702,
rs4351379, and rs4351376), COL8A1 (rs13095226), and COL10AI
(rs1064583) genetic variants with a predisposition to AMD

Hardy-Weinberg equilibrium analysis

The study included seven SNPs, but genotyping results showed that G
allele at TRIB1 rs4351376 was observed in all study subjects (n = 1440), so it
was not included in further analysis.

Quality assessment based on HWE analysis showed that distribution of
genotypes of TRIBI rs6987702 and COLI0AI rs1064583 deviated from
HWE in the control group (p<0.05), and those two SNPs were excluded from
further statistical analysis as well (Supplementary material 2, Table 1).
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Statistical analysis of four SNPs (rs8017304; rs2588809; rs4351379;
rs13095226) in early and exudative AMD and control groups showed sta-
tistically significant results only in the exudative AMD group (Table 3.1.2).
No statistically significant differences were observed in early AMD analysis
(Table 3.1.3). Genotype (TT, TC and CC) distributions of COLS8AI
rs13095226 were significantly different between exudative AMD and control
groups (60.2 %, 33.6 % and 6.1 % vs. 64.9 %, 32.3 % and 2.9 %, respecti-
vely, p=0.036) but the result did not remain significant after Bonferroni
correction (p>0.05/4) (Table 3.1.2).

Table 3.1.2. RADS51B (rs8017304, rs2588809), TRIBI (rs4351379), COL8A1
(rs13095226) genotype and allele frequencies in exudative AMD and control

groups

Gene/ | Genotype/| Exudative AMD, n (%) | Control group, n (%) | p value
marker allele n =244 n =942
RADS51B AA 117 (48.0) 451 (47.9)
rs8017304 AG 110 (45.1) 401 (42.6) 0.423
GG 17 (7.0) 90 (9.6)
A 544 (70.5) 1303 (69.2) 0.570
G 144 (29.5) 581 (30.8) ’
RADS5 1B CcC 188 (77.0) 740 (78.6)
rs2588809 CT 53(21.7) 185 (19.6) 0.652
TT 3(1.2) 17 (1.8)
C 429 (87.9) 1665 (88.4) 0.775
T 59 (12.1) 219 (11.6) ’
TRIBI GG 217 (88.9) 826 (87.7)
rs4351379 GC 26 (10.7) 109 (11.6) 0.780
CcC 1(0.4) 7(0.7)
G 460 (94.3) 1761 (93.5) 0.524
C 28 (5.7) 123 (6.5) ’
COL8AI TT 147 (60.2) 611 (64.9) 0.036
rs13095226 TC 82 (33.6) 304 (32.3) ’
CcC 15 (6.1) 27 (2.9)
T 376 (77.0) 1526 (81.0) 0.051
C 112 (23.0) 358 (19.0) ’

p — significance level and Bonferroni corrected significance level when p<0.05/4.
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Table 3.1.3. RADS5 1B (rs8017304, rs2588809), TRIB1 (rs4351379), COL8A1
(rs13095226) genotype and allele frequencies in early AMD and control

groups
Gene/ Genotype/ Early AMD, n (%) Control group, n (%) al
marker allele n =254 n =942 p value
RADS5IB AA 125 (49.2) 451 (47.9)
rs8017304 AG 102 (40.2) 401 (42.6) 0.745
GG 27 (10.6) 90 (9.6)
A 352 (69.3) 1303 (69.2) 0.955
G 156 (30.7) 581 (30.8) '
RADS5IB CcC 196 (77.2) 740 (78.6) 0.410
rs2588809 CT 50(19.7) 185 (19.6) ’
TT 8(3.1) 17 (1.8)
C 442 (87.0) 1665 (88.4) 0.398
T 66 (13.0) 219 (11.6) ’
TRIBI GG 214 (84.3) 826 (87.7) 0.229
rs4351379 GC 39 (15.4) 109 (11.6) '
CcC 1(0.4) 7(0.7)
G 467 (91.9) 1761 (93.5)
C 41 (8.1) 123 (6.5) 0.222
COL8AI TT 166 (65.4) 611 (64.9) 0.095
rs13095226 TC 74 (29.1) 304 (32.3) '
CcC 14 (5.5) 27 (2.9)
T 406 (79.9) 1526 (81.0) 0.585
C 102 (20.1) 358 (19.0) '

p — significance level and Bonferroni corrected significance level when p<0.05/4.

Binomial logistic regression showed that rs13095226 CC genotype is
associated with increased odds of exudative AMD development under the
codominant (OR =3.426; 95 % CI: 1.355-8.667; p =0.009) and recessive
(OR =3.540; 95 % CI: 1.415-8.856; p = 0.007) genetic models (Table 3.1.4).
These results remained significant after Bonferroni correction (p<0.05/4).

Table 3.1.4. COL8AI rs13095226 associations with exudative AMD

Genetic model Genotype/allele OR* (95 % CI) p value AIC

Codominant TCvs. TT 0.906 (0.589-1.394) 0.653 640.511
CCuvs. TT 3.426 (1.355-8.667) 0.009

Recessive CCvs. TC+TT | 3.540(1.415-8.856) 0.007 638.713

*OR adjusted for age in logistic regression models; p-significance level, statistically signi-
ficant when p<0.05/4; p values marked with bold indicate statistically significant p values
OR: odds ratio; 95 % CI: 95 % confidence interval; AIC — Akaike information criterion.
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It has been suggested that AMD development differs between males and
females [175], so we performed the SNP analysis in males and females
separately and found that genotype (CC, CT and TT) distributions of RAD51B
rs2588809 were significantly different between females with early AMD and
control group females (78.4 %, 17.5 % and 4.1 % vs. 78 %, 20.9 % and 1 %,
respectively, p=0.017), but the result did not remain significant after
Bonferroni correction (p>0.05/4) (Table 3.1.5). No associations were found
in genotype distribution analysis between females with exudative AMD and
control females.

Table 3.1.5. RADS5 1B (rs8017304; rs2588809), TRIB1 (rs4351379), COL8A1
(rs13095226) genotype and allele frequencies in females with early AMD and
control females

Gene/ Genotype/| Early AMD, n (%) Control group, n (%) value
marker allele n=171 n =592 P
RAD5IB AA 91 (53.2) 291 (49.2) 0.530
rs8017304 AG 62 (36.3) 243 (41)
GG 18 (10.5) 58 (9.8)
A 244 (71.3) 825 (69.7) 0.554
G 98 (28.7) 359 (30.3)
RADS5IB CC 134 (78.4) 462 (78) 0.017
rs2588809 CT 30 (17.5) 124 (20.9)
TT 74.1) 6 (1)
C 298 (87.1) 1048 (88.5) 0.486
T 44 (12.9) 136 (11.5)
TRIBI GG 141 (82.5) 516 (87.2) 0.229
rs4351379 GC 29 (17) 71 (12)
CC 1 (0.6) 5(0.8)
G 311 (90.9) 1103 (93.2) 0.165
C 31 (9.1) 81 (6.8)
COL841 TT 107 (62.6) 386 (65.2) 0.474
rs13095226 TC 56 (32.7) 189 (31.9)
CcC 8(4.7) 17 (2.9)
T 270 (78.9) 961 (81.2) 0.360
C 72 (21.1) 223 (18.8)

p — significance level and Bonferroni corrected significance level when p<0.05/4.

Also, binomial logistic regression after adjustment for age, showed that
rs2588809 TT genotype is associated with increased odds of early AMD
development in females under the codominant (OR = 6.977; 95 % CI: 1.887—
25.796; p = 0.009) model (Table 3.1.6). These results remained significant
after Bonferroni correction (p<0.05/4).
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Table 3.1.6. RADS5 1B rs2588809 associations with early AMD in females

Genetic model | Genotype/allele OR* (95 % CI) p value AIC
Codominant CTvs. CC 0.723 (0.415-1.262) 0.254 550.809
TT vs. CC 6.977 (1.887-25.796) 0.004

*OR adjusted for age in logistic regression models; p-significance level, statistically signi-
ficant when p<0.05/4; p values marked with bold indicate statistically significant p-values
OR: odds ratio; 95 % CI: 95 % confidence interval; AIC — Akaike information criterion.

In male groups, we found that genotype (TT, TC and CC) distributions
of COL8AI rs13095226 were significantly different between males with early
AMD and control group males (71.1 %, 21.7 % and 7.2 % vs. 64.3 %, 32.9 %
and 2.9%, respectively, p = 0.036), but the result did not remain significant
after Bonferroni correction (p>0.05/4) (Table 3.1.7). No statistically signifi-
cant differences between genotype distributions in males with exudative
AMD and control males were found.

Table 3.1.7. RADSIB (rs8017304; rs2588809), TRIBI (rs4351379), COL8A41
(rs13095226) genotype and allele frequencies in males with early AMD and
control males

Gene/ Genotype/| Early AMD, n (%) Control group, n (%) value
marker allele n =83 n =350 P
RADS5IB AA 34 (41) 160 (45.7) 0.712
rs8017304 AG 40 (48.2) 158 (45.1) ’
GG 9 (10.8) 32(9.1)
A 108 (65.1) 478 (68.3) 0.424
G 58 (34.9) 222 (31.7) ’
RADS5IB CcC 62 (74.7) 278 (79.4) 0.260
rs2588809 CT 20 (24.1) 61 (17.4) ’
TT 1(1.2) 11(3.1)
C 144 (86.7) 617 (88.1)
T 22 (13.3) 83 (11.9) 0.620
TRIBI GG 73 (88) 310 (88.6)
rs4351379 GC 10 (12) 38 (10.9) 0.755
CcC 0(0) 2 (0.6)
G 156 (94) 658 (94)
C 10 (6) 42 (6) 0.991
COL8A1 TT 59 (71.1) 225 (64.3)
rs13095226 TC 18 (21.7) 115 (32.9) 0.036
CcC 6(7.2) 10(2.9)
T 136 (81.9) 565 (80.7)
C 30 (18.1) 135 (19.3) 0.720

p — significance level and Bonferroni corrected significance level when p<0.05/4.
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Binomial regression analysis showed that rs8017304 GG genotype is
associated with decreased odds of exudative AMD development in males
under the recessive (OR = 0.165; 95 % CI: 0.028-0.962; p = 0.045) genetic
model (Table 3.1.8). Also, 1rs13095226 CC genotype is associated with in-
creased odds of exudative AMD development in males under the codominant
(OR =5.893; 95 % CI: 1.220-28.462; p = 0.027) and recessive (OR = 5.129;
95 % CI: 1.093-24.060; p = 0.038) genetic models (Table 3.1.8).

On the other hand, these results did not remain significant after
Bonferroni correction (p>0.05/4) (Table 3.1.8).

Table 3.1.8. RAD51B rs8017304 and COL8AI rs13095226 associations with
exudative AMD in males

Genetic model ‘ Genotype/allele ‘ OR* (95 % CI) ‘ p value ‘ AIC
RADS5IB rs8017304
Recessive | GGvs. AG+AA | 0.165(0.028-0.962) | 0.045 | 212773
COL8A1 1513095226
Codominant TC vs. TT 1427 (0415-1262) | 0343 | 214.642
CCvs. TT 5.893 (1.220-28.462) | 0.027
Recessive CCvs. TC+TT | 5.129(1.093-24.060) | 0038 | 213541

*OR adjusted for age in logistic regression models; p-significance level, statistically
significant when p<0.05/4; p values marked with bold indicate statistically significant p-
values OR: odds ratio; 95 % CI: 95 % confidence interval; AIC — Akaike information
criterion.

RADS51B haplotype associations with AMD

RADS5IB haplotypes were constructed of two SNPs: rs8017304 and
rs2588809. Analysis was performed to evaluate the haplotype impact on early
and exudative AMD development. Linkage disequilibrium (LD) was measu-
red and assessed by both D’ and r2 measures. The 72 and D' values were 0.055
and 0.425 in early AMD and 0.425 and 0.457 and 0.063 in exudative AMD
analysis.

Unfortunately, haplotype analysis did not reveal any statistically signifi-
cant associations with early or exudative AMD development after adjustment
for age.
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3.2. Study II. IL-9 and IL-10 genetic variants and IL-9 and IL-10 serum
levels in age-related macular degeneration

Study II enrolled 1209 participants: 343 subjects in early AMD, 422 in
exudative AMD, and 61 in atrophic AMD groups. Also, 383 persons were

involved as healthy controls (Table 3.2.1).

Table 3.2.1. Demographic data of the Study 11

Early AMD | Exudative Atrophic Control
Characteristic group, AMD group, | AMD group, | group, p value
n =343 n =422 n=61 n =383
Gender 0.019*
Males, n (%)| 105 (30.6) 149 (35.3) 22 (36.1) |149(38.9)| 0.291**
Females, n (%)| 238 (69.4) 273 (64.7) 39(63.9) [234(61.1)| 0.672%**
Age, median (IQR) 73 (13) 77 (10) 80 (9) 72 (11) 0.266*
<0.001**
<0.001**

IQR —interquartile range; p-significance level, statistically significant when p<0.05; p values
marked with bold indicate statistically significant p-values; *early AMD vs. control group;
**exudative AMD vs. control group; ***atrophic AMD vs. control group.

Hardy-Weinberg equilibrium

We evaluated the distributions of rs1859430, rs2069870, rs11741137,
152069885, 152069884, rs1800871, rs1800872 and rs1800896 genotypes in
the control group using HWE. Seven SNPs were in HWE (p>0.05), but
rs2069870 did not fulfil the HWE requirements because there were observed
only two genotypes (Supplementary material 2, Table 2).

IL-9 (rs1859430, rs2069870, rs11741137, rs206988S, and rs2069884)
and /L-10 (rs1800871, rs1800872 and rs1800896) genotype and allele
frequencies in early, exudative, and atrophic AMD

We analyzed 8 SNPS (rs1859430, rs2069870, rs11741137, rs2069885,
152069884, rs1800871, rs1800872 and rs1800896) and their genotype and
allele distributions between the early, exudative and atrophic AMD, and
control groups. Our statistical analysis revealed that genotype distributions of
1L-9 151859430 (GG, GA and AA) differs between early AMD and control
groups (65.6 %, 27.7 % and 6.7 % vs. 60.8 %, 35.5 % and 3.7 %, p = 0.024).
No statistically significant differences between study groups and /L-9
(rs2069870, rs11741137, rs2069885, and rs2069884) and /L-10 (rs1800871,
rs1800872 and rs1800896) were found (Table 3.2.2).
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Binary logistic regression analysis was performed to evaluate the impact
of SNPs on early, exudative, and atrophic AMD. It showed that IL-9
rs1859430 GA genotype was associated with decreased odds of early AMD
under the codominant (OR = 0.700; 95 % CI: 0.507-0.966; p = 0.030), and
overdominant (OR =0.673; 95% CI: 0.490-0.925; p=0.015) genetic
models after adjustment for gender. /L-9 rs11741137 CT genotype was
associated with decreased odds of early AMD under the overdominant model
after adjustment for gender (OR = 0.720; 95 % CI: 0.522-0.994; p = 0.046).
Moreover, we found that /L-70 rs1800896 CC genotype was associated with
increased odds of atrophic AMD (OR=2.013; 95% CI: 1.078-3.759;
p = 0.028) under the recessive model after adjustment for age (Table 3.2.3),
but these results did not remain significant after Bonferroni correction
(p<0.05/8). No statistically significant associations were found in the
exudative AMD group.

Table 3.2.3. Associations between IL-9 rs185943 and rs11741137 on early
AMD and IL-10 rs1800896 on atrophic AMD

Genetic model ‘ Genotype/allele ‘ OR* (95 % CI) ‘ p value ‘ AIC
Early AMD

11-9 151859430

Codominant GAvs. GG | 0.700(0.507-0.966) | 0.030 1000541

AAvs. GG | 1.713(0.857-3424) | 0.128

Overdominant | GA vs. GG+AA | 0.673(0.490-0.925) | 0.015 994.759
IL-9 1511741137

Overdominant | CTws. CC+TT | 0.720(0.522-0.994) | 0.046 | 996.749
Atrophic AMD
IL-10 rs1800896

Recessive | CCus TC+TT | 2.013(1.078-3.759) | 0.028 | 319973

*OR adjusted for gender in early AMD and adjusted for age in atrophic AMD group p-
significance level, Bonferroni corrected significance level p<0.05/8; p values marked with
bold indicate statistically significant p values; OR — odds ratio; CI — confidence interval;
AIC — Akaike information criteria.

We performed the SNP analysis in males and females separately and
found that /L-9 rs11741137 (CC, CT and TT), IL-9 152069885 (GG, GA and
AA) and 7L-9 152069884 (GG, GT and TT) genotypes were distributed
statistically significantly differently comparing males with early AMD and
control males: 73.3 %, 20 % and 6.7 % vs. 66.4 %, 31.5 % and 2 %, p = 0.032;
73.3 %,20 % and 6.7 % vs. 67.1 %, 30.9 % and 2 %, p = 0.039; 73.3 %, 20 %
and 6.7 % vs. 67.1 %, 30.9 % and 2 %, p = 0.039, respectively (Table 3.2.4).
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No statistically significant associations were determined in other AMD
groups or females.

Table 3.2.4. IL-9 rs11741137, rs2069885, and rs2069884 genotypes and
alleles frequencies in early AMD and control males

Gene/marker

Genotypes/ Group p value
alleles | garly AMD, n (%) Control, n (%)
n =105 n =149
IL-9 CcC 77 (73.3) 99 (66.4) 0.032
rs11741137 CT 21 (20.0) 47 (31.5)
TT 7(6.7) 3(2.0)
C 175 (83.3) 245 (82.2) 0.743
T 35(13.3) 53 (17.8)
IL-9 GG 77 (73.3) 100 (67.1) 0.039
rs2069885 GA 21 (20.0) 46 (30.9)
AA 7(6.7) 3(2.0)
G 175 (83.3) 246 (82.6) 0.818
A 35(13.3) 52 (17.4)
IL-9 GG 77 (73.3) 100 (67.1) 0.039
rs2069884 GT 21 (20.0) 46 (30.9)
TT 7(6.7) 3(2.0)
G 175 (83.3) 246 (82.6) 0.818
T 35(13.3) 52 (17.4)

p-significance level, Bonferroni corrected significance level p<0.05/8; p values marked with
bold indicate statistically significant p values.

Binomial logistic regression analysis showed that 7L-9 rs1859430 GA
genotype was associated with decreased odds of early AMD in males under
the codominant (OR = 0.547; 95 % CI: 0.302-0.991; p = 0.047) and overdo-
minant (OR =0.526; 95 % CI: 0.292-0.948; p =0.033) genetic models,
respectively (Table 3.2.5). IL-91s11741137 CT genotype was associated with
decreased odds of early AMD in males under the codominant model
(OR =0.543; 95 % CI: 0.301-0.979; p = 0.042) (Table 3.2.5). Unfortunately,
these results did not remain significant after Bonferroni correction (p>0.05/8).
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Table 3.2.5. Associations of IL-9 rs1859430 and rs11741137 with early AMD
in males

Genetic model | Genotype/allele |  OR(95%CI) | pvalue | AIC
1L-9 151859430
Codominant GA vs. GG 0547 (0302-0.991) | 0.047 [ .. o,
AA vs. GG 1.667 (0.54-5.010) 0.363 :

Overdominant GA vs. GGtAA 0.526 (0.292-0.948) 0.033 341.702
1L-9 1511741137

Overdominant CT vs. CCHTT ‘ 0.543 (0.301-0.979) ‘ 0.042 342.175

p-significance level, Bonferroni corrected significance level p<0.05/8; p values marked with

bold indicate statistically significant p values; OR — odds ratio; CI — confidence interval;
AIC-Akaike information criteria.

IL-9 and IL-10 haplotype associations with AMD

Strong pairwise LD between studied polymorphisms was observed
(Table 3.2.6).

Table 3.2.6. Linkage disequilibrium between IL-9 and IL-10 SNPs

SNPs AMD vs. Controls
D’ r?
rs1859430-rs2069870 0.9828 0.8339
rs1859430-rs11741137 0.9167 0.6752
rs1859430-rs2069885 0.9397 0.6877
rs1859430-rs2069884 0.9401 0.6922
rs2069870-rs11741137 0.8271 0.6366
rs2069870-1s2069885 0.8436 0.6419
rs2069870-rs2069884 0.8445 0.6471
rs11741137-rs2069885 0.9942 0.9579
rs11741137-rs2069884 0.9942 0.9633
rs2069885-rs2069884 0.9995 0.9932
rs1800871-rs1800872 0.9997 0.9994
rs1800871-rs1800896 0.9883 0.2454
rs1800872-rs1800896 0.9883 0.2454

SNPs — single nucleotide polymorphisms; D' is the deviation between the expected haplotype
frequency and the observed frequency [D’ scale: 0,1]. R? is the squared correlation coefficient
of the haplotype frequencies [r? scale: 0,1]; p-significance level, statistically significant when
p<0.05.
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We identified /L-9 and /L-10 haplotypes and analyzed their frequencies
between the early, exudative, atrophic AMD, and control. The results of fre-
quencies of haplotypes have shown that haplotypes of /-9 SNPs (rs1859430A-
1s2069870G-rs11741137C-rs2069885G-1rs2069884G and rs1859430G-
152069870A-1s11741137T-rs2069885A-1rs2069884T) are associated with the
decreased odds of early AMD (OR = 0.49; 95 % CI: 0.025-0.95; p = 0.035
and OR =0.08; 95 % CI: 0.01-0.61; p = 0.015, respectively). The rare haplo-
type set showed the association with decreased odds of exudative AMD
(OR=0.37; 95% CI: 0.015-092; p=0.033), and no associations were
observed with atrophic AMD (Table 3.2.7). Analysis of /L-10 haplotypes did
not show any associations with early, exudative, or atrophic AMD
(Supplementary material 2, Table 3).

IL-9 and IL-10 serum concentrations in AMD and control groups

IL-9 and IL-10 serum levels were measured in patients with early AMD
(n=20), exudative AMD (n=26), atrophic AMD (n=20) and controls
(n=19). Interleukin serum concentration measurements were performed in
groups considering the age and gender distributions between patients and
controls. IL-9 concentrations in most samples were below the detection range,
and it was not analyzed. IL-10 serums concentration differences were
observed between study groups (Fig. 3.2.1). IL-10 serum concentrations were
lower in exudative AMD than in controls (8.0 (2.7) pg/mL vs. 8.8 (2.4) pg/mL,
p = 0.049), patients with early AMD (8.0 (2.7) pg/mL vs. 9.2 (1.7) pg/mL,
p=0.017), and atrophic AMD (8.0 pg/mL vs. 9.4 (1.5) pg/mL, p = 0.008),
respectively.
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Fig. 3.2.1. IL-10 concentrations in study groups

IL-10 serum levels in control group (8.8 pg/mL), early AMD (9.2 pg/mL), exudative AMD
(8.0 pg/mL) and atrophic AMD (9.4 pg/mL) groups. The bars represent the median with
interquartile variation (1% and 3% quartile).

Further analysis was performed to evaluate the associations between the
IL-10 serum concentrations and /L-/0 SNPs. IL-10 concentrations were
evaluated based on two genetic models: dominant and recessive. We found
that exudative AMD patients with minor allele T at /L-70 rs1800896 had
lower IL-10 serum concentrations than those with wild type genotype CC:
7.2 (2.3) vs. 9.3 (1.4); p = 0.048 (Table 3.2.8).
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3.3. Study III. VEGFA genetic variants and VEGF-A and
VEGF-R2/KDR serum levels in age-related macular degeneration

Study III consisted of 1132 participants. Three hundred and thirty-nine
subjects in early AMD and four hundred nineteen in the exudative AMD
group have been enrolled. The Control group involved 374 healthy subjects
(Table 3.3.1).

Table 3.3.1. Demographic data of the Study 111

e Early AMD, | Exudative AMD, | Control group,
Characteristic N = 339 N =419 N = 374 p value
Gender
Males, n (%)| 104 (30.7) 149 (35.6) 139 (37.2) 0.068*
Females, n (%)| 235 (69.3) 270 (64.4) 235 (62.8) 0.639**
Age, median (IQR) 73 (13) 77 (10) 72 (10) 0.382*
<0.001**

IQR - interquartile range; p — significance level, statistically significant when p<0.05;
p values marked with bold indicate statistically significant p-values; *Early AMD vs. Control
group; **Exudative AMD vs. Control group.

VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) genotype
and allele associations with early and exudative AMD

Genotype distributions of 1s1570360, rs699947, rs3025033, and rs2146323
were evaluated in the control group using HWE. Three SNPs were in HWE
(p>0.05), but rs1570360 did not conform the HWE requirements (p<0.001)
(Table 3.3.2).

Statistical analysis showed that rs3025033 genotypes (AA, AG, and GG)
were distributed significantly different between exudative AMD and control
groups (69.2 %, 27.7 % and 3.1 % vs. 61 %, 33.4 %, and 5.6 %, respectively,
p =0.029) (Table 3.3.2). Still, these results did not remain significant after
Bonferroni correction. G allele at rs3025033 was statistically significantly
less frequent in the exudative AMD group than controls (16.9 % vs. 22.3 %,
respectively, p = 0.007) (Table 3.3.2).

Binomial logistic regression revealed that G allele at rs3025033 was
significantly associated with about 30 % lower odds of exudative AMD under
the dominant model (OR =0.67; 95 % CI: 0.49-0.80; p=0.0088) and
additive (OR =0.7; 95 % CI: 0.54-0.90; p = 0.0058) genetic models, even
after Bonferroni correction (Table 3.3.3).
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VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) genotype
and allele associations with early and exudative AMD by gender

We analyzed VEGFA (rs1570360, rs699947, rs3025033, and rs2146323)
genotype and allele associations with early and exudative AMD by gender.
We found that rs3025033 association with exudative AMD remained only in
females (Supplementary material 2, Tables 4 and 5), but not in males (Supple-
mentary material 2, Tables 6 and 7). After the strict Bonferroni correction,
three significant results remained. We found association between rs3025033
AG genotype and exudative AMD under the codominant model (OR = 0.57;
95 % CI: 0.37-0.87; p = 0.009); also, we revealed that G allele is associated
with lower odds of exudative AMD for females under the dominant
(OR=0.55; 95 % CI: 0.37-0.82; p=0.0032) and additive models
(OR =0.60; 95 % CI: 0.42-0.84; p=0.0028) (Supplementary material 2,
Table 5). AIC value shows that the additive model was best for revealing
rs3025033 association with exudative AMD in females (Supplementary
material 2, Table 5).

The logistic regression analysis showed significant associations between
rs2146323 and exudative AMD in females, but these results did not survive
Bonferroni correction (Supplementary material 2, Table 5). Moreover, no
associations between rs2146323 with early AMD were found nor in females
(Supplementary material 2, Tables 4 and 5) nor males (Supplementary
material 2, Tables 6 and 7).

Also, we compared the genotype and allele frequencies between females
with early AMD and exudative AMD and males with early AMD and
exudative AMD. We found that allele G at rs3025033 was less frequent in
females with exudative AMD than in females with early AMD (14.4 % vs.
20 %, respectively p =0.019). Still, the result did not survive Bonferroni
correction (Supplementary material 2, Table 4).

Haplotype analysis

VEGFA 151570360, 15699947, 1s3025033, and rs2146323 haplotype
analysis was performed in separate early and exudative AMD groups.

Pairwise linkage disequilibrium (LD) between studied polymorphisms
was observed (Table 3.3.4).
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Table 3.3.4. Linkage disequilibrium between VEGFA SNPs

SNPs Early AMD vs. Controls Exudative AMD vs. Controls
D’ r? D’ r?
1s1570360-1rs699947 0.07182 0.2521 0.7087 0.2641
rs1570360-rs3025033 0.3771 0.0204 0.3919 0.0210
rs1570360-rs2146323 0.0898 0.0077 0.1191 0.0138
1$699947-153025033 0.1503 0.0066 0.0389 0.0004
18699947-152146323 0.9904 0.5051 0.9871 0.4970
rs3025033-rs2146323 0.0866 0.0036 0.1844 0.0150

SNP — single nucleotide polymorphism; D’ is the deviation between the expected haplotype
frequency and the observed frequency [D’ scale: 0,1]. R? is the squared correlation coefficient
of the haplotype frequencies [r? scale: 0,1]; p — significance level when p<0.05.

Haplotype analysis revealed a protective role of rs1570360A-1rs699947A-
rs3025033G-rs2146323 A haplotype in exudative AMD (OR = 0.46, 95 % CI:
0.23-0.90; p =0.023) (Table 3.3.5). Any statistical haplotype associations
were found in early AMD (Supplementary material 2, Table 8).
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VEGF-A and VEGF-R2/KDR serum concentration analysis

Serum protein concentrations were measured in 20 patients with exuda-
tive AMD before treatment and 21 control group samples. The control group
for VEGF-A and VEGF-R2/KDR serum concentration measurement
consisted of subjects considering the age and gender distributions based on
the exudative AMD group.

We compared the VEGF-A serum concentrations between exudative
AMD and control groups but did not find a significant difference (422.674
(677.02) vs. 615.489 (425.49), respectively, p = 0.424) (Fig. 3.3.1).

g 20001 p=0.424

& i '

&

= 1600 -

-

= 1200

8

=

S

= 800+

=

< 400

B

(&)

= 0

) ¥ T = % T
Exudative Controls

AMD (n=19)  (n=20)
Fig. 3.3.1. VEGF-A serum concentrations in study groups

The bars represent the median with interquartile range (1% quartile and 3" quartile). VEGF-A
serum concentration in exudative AMD group: 422.674 (677.02) pg/mL and control group:
615.489 (425.49) pg/mL. Mann-Whitney U test, p = 0.424.

Also, we compared the VEGF-R2/KDR serum concentrations between
exudative AMD and control groups, but there was no statistical difference as
well (12759.2 (5358.85) vs. 15428.35 (6698.03), respectively, p =0.183)
(Fig. 3.3.2).
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Fig. 3.3.2. VEGF-R2/KDR serum concentrations in study groups

The bars represent the median with interquartile range (I*! quartile and 3™ quartile).
VEGF-R2/KDR serum concentration in exudative AMD group: (12759.2 (5358.85) pg/mL
and control group: 15428.35 (6698.03) pg/mL. Mann-Whitney U test, p = 0.183.

VEGF-A and VEGF-R2/KDR serum concentrations by VEGFA
genotypes

We also performed VEGF-A and VEGF-R2/KDR serum concentration
and VEGFA rs1570360, rs699947, rs302503, and rs2146323 genotype asso-
ciation analysis. We found that patients with exudative AMD carrying at least
one C allele at rs699947 have statistically significantly higher VEGF-A serum
concentrations compared to wild-type allele A homozygous genotypes
carriers (485.95 (945.93) vs. 194.97 (-), respectively, p = 0.046) (Table 3.3.7).
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3.4. Study IV. Immunogenetic marker associations with exudative
age-related macular degeneration treatment efficacy

3.4.1. Central macular thickness and best-corrected visual acuity
associations with treatment response

We evaluated the treatment response of exudative AMD and differen-
tiated patients into responders (n = 22) and non-responders (n = 97). BCVA
and the CMT before treatment and after 3 and 6 months and BCVA and CMT
changes after 3 and 6 months were compared between responders and non-
responders (Table 3.4.1.1).

We found that after 6 months of treatment with anti-VEGF injections,
responders had significantly lower CMT than non-responders (median (IQR):
271 (96) vs. 319.5 (101), respectively, p = 0.034) and better BCV A than non-
responders (median (IQR): 0.40 (0.35) ws. 0.30 (0.29), respectively,
p = 0.028). Also, CMT and BCVA changes after 3 and 6 months of treatment
were significantly different between responders and non-responders CMT
significantly decreased in responders than non-responders after 3 and 6
months (p=0.005 and p=0.001, respectively) (Table 3.4.1.1). BCVA
increased in responders compared to non-responders after 3 months
(p =0.003), but after 6 months of treatment, the BCVA was better in non-
responders than in responders (p<0.001) (Table 3.4.1.1).

Table 3.4.1.1. Central macular thickness and best-corrected visual acuity
associations with the response to anti-VEGF treatment in exudative AMD
patients

Parameter Measurement l.lesponders Nqn-responders p value
point Median (IQR), n=97|Median (IQR), n=22
CMT (uM) Before treatment 338 (100.0) 284 (108.5) 0.269
After 3 months 270 (100) 291 (107.5) 0.315
After 6 months 271 (96) 319.5(101) 0.034
CMT changes | After 3 months 45 (98) 10 (51) 0.005
(uM) After 6 months 51 (105) —10 (144) 0.001
BCVA Before treatment 0.30 (0.24) 0.40 (0.42) 0.306
After 3 months 0.40 (0.30) 0.30 (0.45) 0.607
After 6 months 0.40 (0.35) 0.30 (0.29) 0.028
BCVA After 3 months 0.025 (0.10) -0.1 (0.09) 0.003
changes After 6 months 0.05 (0.13) 0.30 (0.29) <0.001

BCVA — best-corrected visual acuity; CMT — central macular thickness; IQR — interquartile
range; p-significance level, statistically significant when p<0.05; p values marked with bold
indicate statistically significant p values.
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3.4.2. RADSIB (rs8017304 and rs2588809), TRIB1 (rs6987702 and
rs4351379), COL8A1 (rs13095226), COL10A1 (rs1064583) genetic
variant associations with exudative AMD treatment efficacy

In this part of our study, we compared the distributions of RADS5IB
(rs8017304 and rs2588809), TRIBI (rs6987702 and rs4351379), COL8AI
(rs13095226), COL10A1 (rs1064583) genotypes and alleles between respon-
ders and non-responders’ groups. Still, the analysis did not show any statisti-
cally significant differences (Table 3.4.2.1).

Table 3.4.2.1. Distribution of RAD5IB (rs8017304; rs2588809), TRIB1
(rs6987702; rs4351379), COL8AI (rs13095226), COL10AI (rs1064583) geno-
types and alleles in responders and non-responders

Genotype/ | Responders, n (%) | Non-responders, n (%) %
Gene/marker allele N=45 N=12 pvalue
RAD5IB AA 26 (57.8) 4 (33.3) 0.179
rs8017304 AG 17 (37.8) 6 (50) ’
GG 2(4.2) 2 (16.7)
A 69 (76.7) 14 (58.3) 0.119
G 21(23.3) 10 (41.7) ‘
RAD5IB CcC 36 (80) 8 (66.7)
rs2588809 CT 9 (20) 4 (33.3) 0.269
TT - -
C 81 (90) 20 (83.3)
T 9 (10) 4 (16.7) 0468
TRIBI TT 27 (60) 8 (66.7) 0.720
1s6987702 TC 16 (35.6) 3(25) ’
CcC 244 1(8.3)
T 70 (77.8) 19 (79.2) 1
C 20 (22.2) 5(20.8)
TRIBI GG 39 (86.7) 11 (91.7)
rs4351379 GC 6(13.3) 1(8.3) 0.541
CcC - -
G 84 (93.3) 23 (95.8) 1
C 6 (6.7) 1(4.5)
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Table 3.4.2.1. Continued

Genotype/| Responders, n (%) | Non-responders, n (%)
Gene/marker allele N=45 N=12 D value*
COLS8AI TT 27 (60) 6 (50) 0.546
rs13095226 TC 17 (37.8) 5(41.7) ’
CcC 1(2.2) 1(8.3)
T 71 (78.9) 17 (70.8) 0.419
C 19 (21.1) 7(29.2)
COL1041 AA 19 (42.2) 6 (50)
rs1064583 AG 22 (48.9) 541.7) 0.888
GG 4(8.9) 1(8.3)
A 60 (66.7) 17 (70.8)
G 30 (33.3) 7(29.2) 0.809

p-significance level, p is statistically significant when <0.05; *Fisher Exact Test was used to
compare the allele distributions.

Moreover, we wanted to find if there are associations between RAD51B
(rs8017304 and rs2588809), TRIBI (rs6987702 and rs4351379), COLS8AI
(rs13095226), COL10AI (rs1064583) and CMT or BCVA before anti-VEGF
treatment and during the treatment. Statistical analysis showed that rs8§017304
heterozygous and homozygous minor allele carriers had increased CMT
before treatment than wild type genotype carriers (p = 0.004) (Table 3.4.2.2).
Also, we revealed that CMT decreased more for rs4351379 heterozygous and
homozygous minor allele carriers than for wild type genotype carriers after 6
months of treatment (p = 0.03). Any associations between these SNPs and
BCVA were determined (Table 3.4.2.2). Overall, these results show that
RADS51B rs8017304 is associated with increased CMT in exudative AMD,
but it is not associated with treatment efficacy. On the other hand, TRIBI
rs4351379 is not associated with the CMT in exudative AMD but with better
anti-VEGF treatment response after 6 months (Table 3.4.2.2).
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Table 3.4.2.2. Associations between the distribution of RAD51B (rs8017304
and rs2588809), TRIB1 (rs6987702 and rs4351379), COL8AI (rs13095226),
COLI10AI (rs1064583) and central macular thickness and best-corrected

visual acuity

Parameter | Measurement point | Median (IQR) | Median (IQR) | p value
RAD5I1B rs8017304 AG+GG AA
CMT (uM) Before treatment 353 (57) 303.5 (97.75) 0.004
After 3 months 320 (114.5) 278 (97.25) 0.051
After 6 months 297 (113) 281 (83.5) 0.205
CMT changes (uM) | After 3 months 21.5(717.75) 19 (62.5) 0.831
After 6 months 26 (100.5) 25 (80) 0.488
BCVA Before treatment 0.3 (0.3) 0.2 (0.25) 0.624
After 3 months 0.3 (0.47) 0.275 (0.32) 0.580
After 6 months 0.3 (0.38) 0.3 (0.25) 0.630
BCVA changes After 3 months 0(0.1) 0.045 (0.11) 0.911
After 6 months 0(0.14) 0.045 (0.1) 0.464
RAD5I1B rs2588809 CT+TT CC
CMT (uM) Before treatment 350 (112) 329 (73) 0.217
After 3 months 270 (86) 307 (114) 0.951
After 6 months 295 (76) 283 (108) 0.872
CMT changes (uM) | After 3 months 25 (86) 19 (61) 0.217
After 6 months 30 (91) 39 (98) 0.576
BCVA Before treatment 0.25(0.24) 0.25(0.24) 0.093
After 3 months 0.25(0.3) 0.32 (0.44) 0.175
After 6 months 0.2 (0.32) 0.3 (0.34) 0.201
BCVA changes After 3 months 0(0.1) 0.03 (0.1) 0.841
After 6 months 0(0.16) 0.02 (0.1) 0.880
TRIB1 rs6987702 TC+CC TT
CMT (uM) Before treatment 349.5 (69.25) 326 (93.5) 0.090
After 3 months 326.5 (124.5) | 278 (183.25) 0.092
After 6 months 306 (128.5) 282 (68.75) 0.457
CMT changes (uM) | After 3 months 15 (69.75) 20.5 (69.75) 0.562
After 6 months 47 (154) 28.5(70.75) 0.471
BCVA Before treatment 0.275 (0.27) 0.25(0.27) 0.645
After 3 months 0.35(0.47) 0.275 (0.35) 0.792
After 6 months 0.31(0.37) 0.3 (0.32) 0.510
BCVA changes After 3 months 0.05 (0.21) 0(0.1) 0.839
After 6 months 0.005 (0.21) 0.025 (0.1) 0.641
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Table 3.4.2.2. Continued

Parameter | Measurement point | Median (IQR) | Median (IQR) | p value
TRIBI rs4351379 GC+CC GG
CMT (uM) Before treatment 357 (138) 337 (76.5) 0.444
After 3 months 253.5 (136.5) 307 (92.5) 0.294
After 6 months 265.5 (86.25) 297 (101) 0.133
CMT changes (uM) | After 3 months 36.5 (144) 19 (62) 0.170
After 6 months 87.5 (88.25) 26.5 (93.5) 0.030
BCVA Before treatment 0.325 (0.21) 0.25 (0.25) 0.592
After 3 months 0.45 (0.53) 0.275 (0.32) 0.497
After 6 months 0.41 (0.37) 0.3 (0.32) 0.332
BCVA changes After 3 months 0.125 (0.32) 0(0.1) 0.591
After 6 months 0.085 (0.16) 0(0.16) 0.178
COLS8AI rs13095226 TC+CC TT
CMT (uM) Before treatment 326 (80) 347 (100) 0.795
After 3 months 280 (64) 308 (127) 0.786
After 6 months 282 (65) 288 (116) 0.762
CMT changes (uM) | After 3 months 19 (54) 22 (82) 0.879
After 6 months 30(72) 39 (126) 0.696
BCVA Before treatment 0.2 (0.25) 0.3 (0.24) 0.733
After 3 months 0.3 (0.35) 0.3 (0.34) 0.697
After 6 months 0.3 (0.25) 0.32 (0.35) 0.495
BCVA changes After 3 months 0(0.2) 0.03 (0.1) 0.524
After 6 months 0(0.14) 0.04 (0.1) 0.170
COL10A1 rs1064583 AG+GG AA
CMT (uM) Before treatment 342 (114) 330.6 (61) 0.949
After 3 months 307 (124.5) 285 (75.5) 0.578
After 6 months 295 (130) 283 (86) 0.872
CMT changes (uM) | After 3 months 21 (71) 19 (71) 0.872
After 6 months 30 (86) 39 (116) 0.921
BCVA Before treatment 0.25(0.25) 0.25 (0.25) 0.942
After 3 months 0.3 (0.42) 0.3 (0.29) 0.698
After 6 months 0.32 (0.35) 0.3 (0.23) 0.669
BCVA changes After 3 months 0.04 (0.15) 0(0.1) 0.455
After 6 months 0.02 (0.13) 0(0.1) 0.541

BCVA — best-corrected visual acuity; CMT — central macular thickness; IQR — interquartile
range; p-significance level, statistically significant when p<0.05; p values marked with bold
indicate statistically significant p values.
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3.4.3. IL-9 and IL-10 genetic variant and 1L-9 and IL-10 serum level
associations with exudative AMD treatment efficacy

In this stage of a study, we compared the distributions of 7L-9 (rs1859430,
rs2069870, rs11741137, rs2069885, rs2069884) and IL-10 (rs1800871,
rs1800872 and rs1800896) genotypes and alleles between responders and
non-responders’ groups, but the analysis did not show any statistically
significant differences (Table 3.4.3.1).

Table 3.4.3.1. Distribution of IL-9 (rs1859430, rs2069870, rs11741137,
rs2069885, rs2069884) and IL-10 (rs1800871, rs1800872 and rs1800896)
genotypes and alleles in responders and non-responders

Gene/ Genotype/ | Responders, n (%) | Non-responders, n (%) value*
marker allele N=97 N=22 P
IL-9 GG 50 (51.5) 13 (59.1)
rs1859430 GA 42 (43.3) 8 (36.4) 0.814
AA 5(5.2) 1(4.5)
G 142 (73.2) 34 (77.3)
A 52(26.3) 10 (22.7) 0.704
IL-9 AA 49 (50.5) 13 (59.1)
rs2069870 AG 48 (49.5) 9 (40.9) 0.313
GG - -
A 146 (75.3) 35(79.5)
G 48 (24.7) 9 (20.5) 0.696
IL-9 CccC 56 (57.7) 15 (68.2)
rs11741137 CT 39 (40.2) 6(27.3) 0.458
TT 2(2.1) 1(4.5)
C 151 (77.8) 36 (81.8)
T 43 (22.2) 8(18.2) 0.686
IL-9 GG 58 (59.8) 15 (68.2)
rs2069885 GA 37 (38.1) 6(27.3) 0.540
AA 2(2.1) 1(4.5)
G 153 (78.9) 36 (81.8)
A 41 (21.1) 8(18.2) 0.837
IL-9 GG 58 (59.8) 15 (68.2)
rs2069884 GT 37 (38.1) 6(27.3) 0.540
TT 2(2.1) 1(4.5)
G 153 (78.9) 36 (81.8)
T 41 (21.1) 8(18.2) 0.837

66



Table 3.4.3.1. Continued

Gene/ Genotype/ | Responders, n (%) | Non-responders, n (%) value*
marker allele N=97 N=22 P
1L-10 GG 55 (56.7) 11 (50)
rs1800871 GA 36 (37.1) 8(36.4) 0.481
AA 6 (6.2) 3(13.6)
G 146 (75.3) 30 (68.2) 0.345
A 48 (24.7) 14 (31.8) ’
1L-10 GG 55 (56.7) 11 (50)
rs1800872 GT 36 (37.1) 8(36.4) 0.481
TT 6 (6.2) 3(13.6)
G 146 (75.3) 30 (68.2) 0.345
T 48 (24.7) 14 (31.8) ’
1L-10 TT 29 (29.9) 7(31.8)
rs1800896 TC 46 (47.4) 10 (45.5) 0.982
CcC 22 (22.7) 5(2.7)
T 104 (53.6) 24 (54.5) |
C 90 (46.4) 20 (45.5)

p-significance level, p is statistically significant when <0.05; *Fisher Exact Test was used to
compare the allele distributions.

Also, we evaluated /1-9 (rs1859430, rs2069870, rs11741137, rs2069885,
rs2069884) and IL-10 (rs1800871, rs1800872 and rs1800896) associations
with CMT and BCVA before the treatment and during the treatment.
Statistical analysis showed that rs1859430, rs2069870 and rs2069884
heterozygous and homozygous minor allele carriers had worse BCVA before
treatment than wild type genotype carriers (p =0.018; p=10.012; p =0.041,
respectively) (Table 3.4.3.2). Moreover, we found that rs2069885 hetero-
zygous and homozygous minor allele carriers had more improved BCVA
after 6 months than wild type genotype carriers (p = 0.032) (Table 3.4.3.2).
These associations show that 7L-9 rs1859430, rs2069870 and rs2069884
SNPs are associated with worse BCVA before anti-VEGF treatment, while
152069885 might be associated with the improved BCVA after 6 months of
anti-VEGF treatment (Table 3.4.3.2).
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Table 3.4.3.2. Associations between distribution of IL-9 (rs1859430, rs2069870,
rsl1741137, rs2069885, rs2069884) and IL-10 (rs1800871, rs1800872 and
rs1800896) and central macular thickness and best corrected visual acuity

Parameter ‘ Measurement point | Median (IQR) | Median (IQR) | p value
IL-9 rs1859430 GA+AA GG
CMT (uM) Before treatment 325 (104.5) 334.12 (99) 0.697
After 3 months 264 (83.5) 287.63 (122.5) | 0.729
After 6 months 271 (87) 284.5(110.75) | 0.266
CMT changes (uM) | After 3 months 31 (73.5) 23.5(89.5) 0.599
After 6 months 26 (100.5) 30 (106.25) 0.845
BCVA Before treatment 0.25 (0.25) 0.32 (0.3) 0.018
After 3 months 0.3 (0.25) 0.4 (0.43) 0.124
After 6 months 0.3 (0.26) 0.31 (0.45) 0.714
BCVA changes After 3 months 0(0.1) 0.035 (0.11) 0.750
After 6 months 0.02 (0.1) 0(0.2) 0.136
IL-9 rs2069870 AG+GG AA
CMT (uM) Before treatment 327.5 (102.75) 336 (104) 0.744
After 3 months 265 (91) 276 (114.5) 0.911
After 6 months 272 (89.5) 283 (105) 0.422
CMT changes (uM) | After 3 months 28 (74.75) 24 (88.5) 0.774
After 6 months 25 (101) 30 (103) 0.623
BCVA Before treatment 0.25 (0.25) 0.32 (0.3) 0.012
After 3 months 0.3 (0.24) 0.4 (0.43) 0.097
After 6 months 0.3 (0.25) 0.32 (0.45) 0.639
BCVA changes After 3 months 0(0.1) 0.03 (0.12) 0.703
After 6 months 0.016 (0.1) 0(0.2) 0.122
IL-9 rs11741137 CT+TT CcC
CMT (uM) Before treatment 330 (103) 332.5(119) 0.752
After 3 months 264 (93) 276.5(109.25) | 0.977
After 6 months 271 (55) 284.5(116.5) | 0.291
CMT changes (uM) | After 3 months 42 (86) 24 (84.75) 0.544
After 6 months 33(103) 28.5(102.5) 0.564
BCVA Before treatment 0.3 (0.25) 0.31(0.3) 0.070
After 3 months 0.4 (0.24) 0.335 (0.42) 0.324
After 6 months 0.32 (0.3) 0.3 (0.42) 0.761
BCVA changes After 3 months 0(0.1) 0(0.1) 0.313
After 6 months 0.02 (0.1) 0(0.2) 0.057
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Table 3.4.3.2. Continued

Parameter ‘ Measurement point | Median (IQR) | Median (IQR) | p value
IL-9 rs2069885 GA+AA GG
CMT (uM) Before treatment 332 (109.5) 327.5 (113) 0.405
After 3 months 264 (94.5) 276.5 (107.5) 0.657
After 6 months 271 (66.5) 284.5 (116.25) | 0.510
CMT changes (uM) | After 3 months 25 (83) 26 (86.25) 0.640
After 6 months 24 (104) 30 (103.75) 0.547
BCVA Before treatment 0.3 (0.25) 0.31(0.3) 0.053
After 3 months 0.4 (0.29) 0.35(0.41) 0.261
After 6 months 0.30(0.32) 0.3 (0.38) 0.761
BCVA changes After 3 months 0(0.11) 0(0.1) 0.348
After 6 months 0.02 (0.11) 0(0.2) 0.032
IL-9 rs2069884 GT+TT GG
CMT (uM) Before treatment 332.5(109.5) 327.5(113) 0.623
After 3 months 264 (94.5) 276.5 (107.5) 0.824
After 6 months 271 (66.5) 284.5 (116.25) | 0.416
CMT changes (uM) | After 3 months 25 (83) 26 (86.25) 0.703
After 6 months 24 (104) 30 (103.75) 0.669
BCVA Before treatment 0.3 (0.25) 0.31(0.3) 0.041
After 3 months 0.4 (0.29) 0.35(0.41) 0.258
After 6 months 0.3 (0.32) 0.3 (0.38) 0.895
BCVA changes After 3 months 0(0.11) 0(0.1) 0.266
After 6 months 0.02 (0.11) 0(0.2) 0.050
IL-10 rs1800871 GA+AA GG
CMT (uM) Before treatment 351.5 (108.5) 309 (83.5) 0.288
After 3 months 276 (96) 262 (107.5) 0.451
After 6 months 281 (92.5) 271 (106.5) 0.760
CMT changes (uM) | After 3 months 26.5 (100.25) 22 (75) 0.499
After 6 months 36.5 (121) 25 (90) 0.393
BCVA Before treatment 0.3 (0.27) 0.3(0.2) 0.662
After 3 months 0.375 (0.41) 0.4 (0.3) 0.466
After 6 months 0.29 (0.38) 0.4 (0.28) 0.719
BCVA changes After 3 months 0(0.1) 0(0.11) 0.776
After 6 months 0.005 (0.18) 0(0.12) 0.821
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Table 3.4.3.2. Continued

Parameter ‘ Measurement point | Median (IQR) | Median (IQR) | p value
IL-10 rs1800872 GT+TT GG
CMT (uM) Before treatment 351.5 (108.5) 309 (83.5) 0.288
After 3 months 276 (96) 262 (107.5) 0.451
After 6 months 281 (92.5) 271 (106.5) 0.760
CMT changes (uM) | After 3 months 26.5 (100.25) 22 (75) 0.499
After 6 months 36.5 (121) 25 (95) 0.393
BCVA Before treatment 0.3 (0.27) 0.3(0.2) 0.662
After 3 months 0.375 (0.41) 0.4 (0.3) 0.466
After 6 months 0.29 (0.38) 0.4 (0.28) 0.719
BCVA changes After 3 months 0(0.1) 0(0.11) 0.776
After 6 months 0.005 (0.18) 0(0.12) 0.821
IL-10 rs1800896 TC+CC TT
CMT (uM) Before treatment 323 (117) 344 (79.5) 0.981
After 3 months 276 (109) 270 (91) 0.947
After 6 months 282 (106) 268 (90.25) 0.865
CMT changes (uM) | After 3 months 28 (87) 24 (80) 0.769
After 6 months 27 (100) 34.5(107.25) | 0.936
BCVA Before treatment 0.3 (0.34) 0.3 (0.23) 0.458
After 3 months 0.32 (0.3) 0.4 (0.41) 0.107
After 6 months 0.3 (0.35) 0.335 (0.35) 0.060
BCVA changes After 3 months 0(0.1) 0.04 (0.2) 0.103
After 6 months 0(0.17) 0.015 (0.17) 0.184

BCVA — best-corrected visual acuity; CMT — central macular thickness; IQR — interquartile
range; p-significance level, statistically significant when p<0.05; p values marked with bold
indicate statistically significant p values.

IL-10 serum protein concentrations were compared between responders
and non-responders, but the analysis did not reveal significant differences.
IL-10 serum concentrations in responders vs. non-responders: 7.08 (2.64)
vs. 7.67 (4.04), respectively p =1 (Fig. 3.4.3.1).

70




IL-10 serum concentration (pg/mL)

12 p=10

.| .
o

2_

0

Non-responders Responders
(n=5) (n=14)
Fig. 3.4.3.1. IL-10 serum concentrations in
non-responders and responders
The bars represent the median with interquartile range (1% quartile and 3™ quartile). VEGF-A

serum concentration in non-responders’ group: 7.67 (4.04) pg/mL and responders’ group:
7.08 (2.64) pg/mL. Mann-Whitney U test, p = 1.

3.4.4. VEGFA genetic variant and VEGF-A and VEGF-R2/KDR
serum level associations with exudative AMD treatment efficacy

In further analysis, we compared the distributions of VEGFA 1s1570360,
r$699947, 1s3025033, rs2146323 genotypes and alleles between responders
and non-responders’ groups, but the analysis did not show any statistically
significant differences (Table 3.4.4.1).

Table 3.4.4.1. Distribution of VEGFA rs1570360, rs699947, rs3025033,
rs2146323 genotypes and alleles in responders and non-responders

Gene/ Genotype/ | Responders, n (%) | Non-responders, n (%) value*
marker allele N=97 N=22 P
VEGFA GG 48 (48.5) 9 (40.9)
rs1570360 GA 36 (37.1) 11 (50.0) 0.524
AA 13 (13.4) 2(9.1)
G 132 (68.0) 29 (65.9) 0.859
A 62 (32.0) 15 (34.1) ’
VEGFA AA 27 (27.8) 4(18.2)
1s699947 AC 36 (37.1) 14 (63.6) 0.073
CcC 34 (35.1) 4(18.2)
A 90 (46.4) 22 (50.0) 0.739
C 104 (53.6) 22 (50.0) )
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Table 3.4.4.1. Continued

Gene/ Genotype/ | Responders, n (%) | Non-responders, n (%) alue*
marker allele N=97 N=22 PV
VEGFA AA 71 (73.2) 14 (63.6)
rs3025033 AG 24 (24.7) 6(27.3) 0.233
GG 2(2.1) 2(9.1)
A 166 (85.6) 34 (77.4) 0.177
G 28 (14.4) 10 (22.7) '
VEGFA CcC 49 (50.5) 10 (45.5)
rs2146323 CA 37 (38.1) 10 (45.5) 0.811
AA 11 (11.3) 2(9.1)
C 135 (69.6) 30 (68.2) 0.858
A 59 (30.4) 14 (31.8) '

p-significance level, statistically significant when p<0.05; p values marked with bold indicate
statistically significant p values; *Fisher Exact Test was used for allele comparison.

In VEGFA 151570360, rs699947, rs3025033, rs2146323 and anti-VEGF
treatment response analysis, we found that rs699947 heterozygous and homo-
zygous minor allele carriers had worse BCVA before treatment and after 3
and 6 months than wild type genotype carriers (median (IQR): 0.40 (0.21) vs.
0.30 (0.25), p=0.027; 0.40 (0.30) vs. 0.30 (0.34), p = 0.003: 0.40 (0.30) vs.
0.30 (0.35), p=0.022, respectively) (Table 3.4.4.2). Also, we found that
1699947 heterozygous and homozygous minor allele carriers had higher
CMT after 6 months of anti-VEGF treatment than wild type genotype carriers
(median (IQR): 293 (104) vs. 257 (50), p = 0.032) (Table 3.4.4.2).

Table 3.4.4.2. Associations between VEGFA rs1570360, rs699947, rs3025033,
rs2146323 and central macular thickness and best-corrected visual acuity

Parameter ‘ Measurement point | Median (IQR) | Median (IQR) | p value

VEGFA rs1570360 GA+AA GG

CMT (uM) Before treatment 353.5 (64.75) 325 (107) 0.547
After 3 months 318 (120.25) 270 (98) 0.732
After 6 months 268 (86) 293 (123) 0.282

CMT changes (uM) | After 3 months 24 (89) 42 (109.5) 0.458
After 6 months 55(109) 27 (113) 0.347

BCVA Before treatment 0.25(0.35) 0.30 (0.24) 0.312
After 3 months 0.375 (0.27) 0.32 (0.35) 0.570
After 6 months 0.325 (0.37) 0.30(0.32) 0.736

BCVA changes After 3 months 0.035 (0.11) 0.00 (0.10) 0.364
After 6 months 0.05 (0.27) 0.01 (0.10) 0.603
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Table 3.4.4.2. Continued

Parameter ‘ Measurement point | Median (IQR) | Median (IQR) | p value
VEGFA rs699947 AC+CC AA
CMT (uM) Before treatment 308.5 (122.5) 341 (95) 0.650
After 3 months 273.5 (89.25) 276 (101) 0.358
After 6 months 293 (104) 257 (50) 0.032
CMT changes (uM) | After 3 months 24 (108) 32 (73) 0.476
After 6 months 27 (123.5) 58 (96) 0.227
BCVA Before treatment 0.40 (0.21) 0.30 (0.25) 0.027
After 3 months 0.40 (0.30) 0.30 (0.34) 0.003
After 6 months 0.40 (0.30) 0.30 (0.35) 0.022
BCVA changes After 3 months 0.00 (0.18) 0.00 (0.10) 0.508
After 6 months 0.025 (0.18) 0.02 (0.10) 0.621
VEGFA rs3025033 AG+GG AA
CMT (uM) Before treatment 266.5 (-) 332 (102.5) 0.562
After 3 months 233 (-) 276 (102.5) 0.263
After 6 months 282 (107) 282 (102) 0.763
CMT changes (uM) | After 3 months 15(102) 39 (87) 0.502
After 6 months 14 (123) 48 (98) 0.267
BCVA Before treatment 0.16 (-) 0.30 (0.24) 0.510
After 3 months 0.30 (-) 0.35(0.35) 0.773
After 6 months 0.275 () 0.32 (0.30) 0.700
BCVA changes After 3 months 0.14 (-) 0.00 (0.10) 0.427
After 6 months 0.115(-) 0.02 (0.10) 0.195
VEGFA rs2146323 CA+AA CcC
CMT (uM) Before treatment 285 (73) 341.5 (100) 0.068
After 3 months 262 (53) 277.5(100.75) | 0.367
After 6 months 281 (85.5) 283 (119) 0.779
CMT changes (uM) | After 3 months 26.5 (79.25) 46.5 (130.5) 0.957
After 6 months 34.5(93.25) | 40.5(158.75) 0.709
BCVA Before treatment 0.25 (0.35) 0.30 (0.24) 0.963
After 3 months 0.40 (0.30) 0.335(0.37) 0.835
After 6 months 0.30 (0.40) 0.31 (0.30) 0.992
BCVA changes After 3 months 0.05 (0.10) 0.00 (0.10) 0.496
After 6 months 0.05 (0.15) 0.005 (0.10) 0.705

BCVA — best-corrected visual acuity; CMT — central macular thickness; IQR — interquartile
range; p-significance level, statistically significant when p<0.05; p values marked with bold
indicate statistically significant p values.
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VEGF-A serum concentrations were compared between responders and
non-responders, but analysis did not reveal significant differences.

VEGF-A serum concentrations in responders vs. non-responders:
422.674 (896.94) vs. 450.552 (1393.43), respectively p = 0.966 (Fig. 3.4.4.1).

3 4000 p=0966

3500 A
3000 A
2500
2000 -
1500 -
1000 A
500 4

0

VEGF-A serum concentration (pg/mL

Non-responders Responders
(n=6) (n=13)
Fig. 3.4.4.1. VEGF-A serum concentrations in
non-responders and responders
The bars represent the median with interquartile range (1** and 3™ quartile). VEGF-A serum

concentration in non-responders’ group: 450.552 (1393.43) pg/mL and responders’ group:
422.674 (896.94) pg/mL. Mann-Whitney U test, p=0.966.

VEGF-R2/KDR serum concentrations did not differ between responders
and non-responders statistically significantly as well: 12759.200 (6864.58)
vs. 12845.475 (3602.83), respectively, p = 0.547 (Fig. 3.4.4.2).
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Fig. 3.4.4.2. VEGF-R2/KDR serum concentrations in
non-responders and responders

The bars represent the median with interquartile range (1 quartile and 3 quartile).
VEGF-R2/KDR serum concentration in non-responders’ group: 12845.475 (3602.8) pg/mL
and responders’ group: 12759.200 (6864.58) pg/mL. Mann-Whitney U test, p = 0.547.
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4. DISCUSSION

RADS5IB, TRIBI, COL8AI and COL10A1 genetic variants with
a predisposition to age-related macular degeneration

Study I included 7 SNPs, 5 of which were newly selected as risk factors
for the development of AMD: RADS5IB (rs2588809), TRIB1 (rs6987702;
rs4351376; 1s4351379), COL10A1 (rs1064583), and two others have already
been found to be associated with AMD development: RAD5 B (rs8017304)
and COLS8AI (rs13095226). Our study showed that one SNP (rs13095226),
increased odds of developing exudative AMD in the Lithuanian population.
Also, we found that rs2588809 TT genotype is associated with increased odds
of early AMD development in females, but not in males.

Lipoprotein metabolism was affected by an SNP near the 7R/B! locus
called rs17321515. TRIB1 rs17321515 was associated with the alterations of
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and high-
density lipoprotein cholesterol (HDL-C) and even higher risk of coronary
heart disease (CHD), but the results remain controversial among studies
[176—178]. The other SNP (rs2954021), located in the TRIBI gene, was
associated with increased plasma levels TG and risk of coronary heart disease
(CAD) [179,180] as were the other three variants: rs2001945, rs2001845 and
rs2001844 [181]. In addition, rs2001844 was associated with increased
plasma levels TG and reduced HDL-C [181]. Several association studies also
reported a significant association between HDL-C and the development of
AMD [182-186], while other studies did not show a significant association
between HDL-C and the development of AMD [20, 187-192]. Though the
association between HDL-C and AMD is controversial, the variant rs6987702
in the lipid trait-associated gene TRIBI showed a significant association with
AMD development; unfortunately, these results did not survive rigorous
correction for multiple testing [100]. None of the SNPs in TR/B! achieved a
statistically ~significant association with early or exudative AMD
development in the present study.

Studies of variants in RAD5 1B found statistically significant associations
of SNPs in RADS51B with breast cancer incidence [193—196]. In addition,
RADS5 1B 15911263 has been associated with rheumatoid arthritis [197, 198];
two SNPs (rs11158728 and rs927220) have been associated with the
development of nasopharyngeal carcinoma [199], and one (rs34094401) has
been associated with Parkinson's disease [200]. In addition, the literature
review explains that risk alleles in RAD51B rs8017304, COL8A1 rs13081855
and COLI0AI rs3812111 are associated with a greater risk of developing
advanced AMD [33]. The other three GWAS also demonstrated an associa-
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tion of the RAD5IB gene with AMD [22,82,94]. Seddon et al. performed a
12-year follow-up study including 2765 individuals and found that RAD51B
was significantly associated with AMD progression (HR: 0.8; 95 % CI: 0.60—
0.97, p=10.03) [82]. In another study, Seddon and co-authors (2015) analysed
AMD progression and found 834 of 2951 subjects who had progressed from
no AMD, early AMD or intermediate AMD to advanced AMD. Also, AMD
progression was confirmed by the associations with the RADS5IB [94].
Fritsche et al. also demonstrated a strong association between RADS5I1B
(p<5 x 10®) and advanced AMD in Europeans and Asians [81]. Chu and
colleagues also analyzed the influence of RAD5IB on AMD using two
cohorts from Caucasian and Han Chinese populations. They identified two
novel SNPs in RADS5 1B (rs17105278 and rs4902566) and confirmed the asso-
ciation between rs8017304 and the development of AMD in Caucasians [22],
suggesting a significant role for RADS51B-associated DNA damage/DNA
repair mechanisms in AMD pathogenesis.

Recent studies indicated that variants in the COL8A41 gene are associated
with AMD development [80-82, 94]. One of the GWAS studies was
conducted on 979 patients with advanced AMD and 1,709 controls and found
a significant association between rs13095226 and AMD (p = 2.5¢-06) in the
European population [79]. In this study, the authors also found the frequency
of rs13095226 C allele in patients with polypoidal choroidal vasculopathy
(PCV), neovascular AMD (nAMD), and control subjects was similar to the
frequency in Americans, while differences between Americans and Asians
were found [79]. A meta-analysis of advanced AMD confirmed the previous-
ly found associations with advanced AMD [80]. In contrast, Yang's study,
which included 300 cases with nAMD, 300 cases with PCV and 300 control
subjects, showed no significant associations between COL8A!I rs13095226
and nAMD or PCV development denied its risk factor role for nAMD or PCV
in Chinese individuals [73]. Another variant of the same gene, the COL8A [
rs13081855 polymorphism, has also been associated with the development of
exudative AMD [83]. As in non-AMD patients, one of the common variants
in the COL8AI gene (rs669676) was associated with myopic choroidal neo-
vascularisation (OR: 1.88; 95 % CI: 1.18-2.98, p=0.0076) but did not
survive multiple testing [200]. Our study in the Lithuanian population disco-
vered a strong association between a variant in COL8A1 (rs13095226) and
the development of exudative AMD; the rs13095226 genotype CC was
associated with 3.5-fold increased odds of developing exudative AMD.

We also found a study showing the contribution of the extracellular
collagen matrix (FRK/COLI10AI) to the development of advanced AMD.
A coding variant rs3812111 in COLI0AI, a collagen protein that may
maintain the structure and function of the extracellular matrix [80]. Ferrington
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et al. analyzed the COL10A11s3812111 A/T (non-risk allele/risk allele) ratios
(0.69/0.65) in controls/patients with age-related macular degeneration and
found it similar [201]. To the best of our knowledge, there are no studies
analyzing the COL10A41 rs1064583 polymorphism in patients with AMD.

IL-9 and IL-10 genetic variants and IL-9 and IL-10 serum levels
in age-related macular degeneration

Study II aimed to analyze the relationships between the immunogenetic
markers /L-9 (rs1859430, rs2069870, rs11741137, rs2069885, rs2069884)
and IL-10 (rs1800871, rs1800872, rs1800896) polymorphisms and their
haplotypes, serum levels IL -9 and IL -10 and the different forms of AMD.

IL-9 is encoded by the /L-9 gene, located on chromosome 5q31.1 [115].
Several IL-9 gene variants (rs31563, rs1859430, rs11741137, rs2069885)
have already been identified as potential biomarkers for atopic dermatitis,
asthma or its severity, also respiratory syncytial virus (RSV) infection and
even clinical features of pituitary adenoma [116—121].

On the other hand, Elyaman et al. pointed out the multifaceted role of
IL-9, which includes a regulator of both pathogenic and protective mecha-
nisms of the immune response [202].

Two other authors emphasized gender differences in the development of
asthma and RSV infections, considering gender-dependent mechanisms.
Schuurhof et al. found that the major allele at rs2069885 was associated with
increased susceptibility to severe RSV infection in boys and with an opposite
association in girls. Aschard et al. emphasized the importance of complex
mechanisms such as sex heterogeneity and pleiotropy in revealing the genes
involved in asthma phenotypes [119].

Controversial results were also observed in several studies that reported
no significant associations between /L-9 promoter polymorphism A-345G
and RSV bronchiolitis [203], or T113M in /L-9 and atopic bronchial asthma
[204], rs1859430 and rs2069868 and Graves' disease [54] or /L-9 rs2069885
and allergic rhinitis in Iranian women [205]. Schiirks et al. attempted to
demonstrate associations between [L-9 1s2069885 and inflammatory
pathways in women with migraine, but the results did not survive correction
for multiple testing [206]. Also, /L-9 1s31563 C > T and rs31564 G > T were
not associated with gastric cardiac adenocarcinoma and oesophageal cancer
in a Chinese population [136, 207].

According to the databases, no /L-9 SNPs were analyzed in AMD. Our
study shows that the 7L-9 rs1859430 GA genotype and the /L-9 rs11741137
CT genotype were associated with lower odds of early AMD. Unfortunately,
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we applied Bonferroni correction in our study because of multiple compa-
risons, and these results did not survive this stringent correction.

Although these results did not survive Bonferroni correction, differences
were observed between the male and female groups, as in previous studies
[118, 119, 175]. The same tendencies remained only in the male group in
further analysis. Potentially different inflammatory processes in men and
women should be investigated, considering the role of hormones on the
molecular mechanisms of inflammation and the response to inflammation,
which may lead to different disease outcomes [208].

We also performed a haplotype analysis and identified the /L-9 haplo-
types rs1859430A-rs2069870G-rs11741137C-rs2069885G-1s2069884G and
rs1859430G-rs2069870A-rs11741137T-rs2069885A-rs2069884T, which were
associated with the lower odds of early AMD (p =0.035 and p =0.015, re-
spectively). The rare haplotype carriers were associated with the lower odds
of exudative AMD (p =0.033), which may play a role in IL-9 dependent
inflammatory process in AMD.

In our study, serum levels of IL-9 were not determined due to low de-
tection rates. On the other hand, IL-9 has been previously investigated in
several AMD studies. IL-9 cytokine in aqueous humour was measured, but
no differences were found between neovascular AMD and control groups
[111]. IL-9 was also measured in aqueous humour samples from neovascular
AMD before treatment by intravitreal drug injection and afterwards and
compared with the control group, but statistical analysis showed no diffe-
rences between the study groups [112]. In another study, the concentrations
of IL-9 in plasma and aqueous humour were not reported between the
exudative AMD and control groups due to the low detection rate [113].
Shallow detection limits of IL-9 in the aqueous humour of patients with
neovascular AMD have also been reported [114].

In contrast, Lin et al. showed that the cytokine IL-9 was overexpressed
in stimulated RPE cells, which may be associated with AMD development
[19]. Unfortunately, no other studies analyzing IL-9 protein concentrations in
patients with AMD were found. Otherwise, only a few diseases/conditions
were reported. Elevated IL-9 levels have been found in asthma patients,
patients with allergic rhinitis and peanut allergy, and in patients with some
autoimmune diseases [109].

IL-10 cytokine and genetic variants of the /L-10 gene were also included
in our study. IL-10 protein is encoded by the /L-10 gene located on chromo-
some 1q32.1 [134], and the three most studied point mutations in the /L-10
promoter -592 A/C (rs1800872), -819 C/T (rs1800871), and -1082 G/A
(rs1800896) have been described as leading genetic variants for genetic
association studies [135]. Our study also showed that the /L-70 rs1800896
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CC genotype was associated with 2-fold increased odds of atrophic AMD
(p=0.028), but even these results did not survive strict Bonferroni correction.

Shevchenko et al. reported similar results. They found a higher 7L-10 —
1082 GG genotype frequency in AMD patients than in controls [138]. In
another study, the associations between the /L-10 -592 A/C, -819 C/T or -
1082 G/A polymorphism and advanced AMD were not found [137]. Further-
more, no other such studies were found. However, these SNPs were asso-
ciated with other diseases, e. g. RSV bronchiolitis, oesophageal cancer in a
Chinese population [136] and no associations with cardiac adenocarcinoma
of the stomach in the same population [207], suggesting further investigation
for the associations of the IL-10 pathway with cancer development.
Previous studies have also shown that increased IL-10 levels trigger
alternative macrophage activation in the eye that may be associated with the
development of choroidal neovascularization [129, 130]. We also analysed
serum levels of IL-10 and found that protein serum levels were lower in
exudative AMD than in controls (p = 0.049), as well as in patients with early
AMD (p =0.017) and atrophic AMD (p = 0.008). Similar results were found
by the other group of researchers, who found lower levels of the IL-10 in wet
and dry AMD groups than in controls (p<0.05 and p<0.05, respectively).
They also found IL-10 levels were higher in wet AMD than in the dry AMD
group (p = 0.009) [133]. Subhi Y et al. reached the opposite conclusion when
they found that patients with nAMD had increased plasma levels of IL-10
compared to healthy controls (p<0.0001), and the statistically significant
results remained after multivariate analysis (after adjustment for demographic
data, comorbidities and lifestyle factors) IL-10 (p<<0.001) [131]. Statistically
significantly increased IL-10 serum levels in AMD patients were also found
by Nassar et al. [132]. Opposite results were shown when the expression of
IL-10 did not differ significantly between T follicular helper cells from AMD
patients and non-AMD controls in another study [209]. Interestingly, IL-10
levels in aqueous humour did not differ between neovascular AMD and
control groups [112—-114]. Few other studies did not even determine IL-10 in
AMD patients' plasma or aqueous humour samples [112—114]. In contrast,
others showed that IL-10 levels did not differ between aqueous humour and
serum samples [210].

Furthermore, we found that IL-10 levels in the exudative AMD group are
associated with the minor allele T and that patients with exudative AMD
carrying the /L-10 rs1800896 CT or TT genotype have lower IL-10 serum
concentrations than patients with wild-type (CC) genotype. These results
confirm the role of the /L-10 promoter polymorphism (rs1800896) in the
changes in IL-10 levels [37], which may be responsible for the immune
response in the development of exudative AMD. It is important to highlight
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that the gene variants /L-9 (rs1859430, rs2069870, rs11741137, rs2069885,
rs2069884) and IL-10 (rs1800871, rs1800872, rs1800896), as well as the
IL-9 and IL-10 serum levels, have never been investigated in AMD in the
Lithuanian population and our study was the first of its kind, suggesting
further research on AMD development.

VEGFA genetic variants and VEGF-A and VEGF-R2/KDR serum
levels in age-related macular degeneration

Study II looked at four SNPs in the VEGFA gene and their association
with early and exudative AMD. The study results showed that the G allele at
rs3025033 was significantly associated with a lower likelihood of exudative
AMD. We also found that these associations with exudative AMD persisted
only in women but not in men suggesting gender role in AMD pathogenesis.
In addition, differences in the frequency of rs3025033 allele G were observed
between women with exudative AMD and women with early AMD, but the
result did not survive Bonferroni correction. In addition, associations were
found between rs2146323 and exudative AMD in women, but these outcomes
did not survive Bonferroni correction.

Haplotype analysis of VEGFA SNPs revealed that individuals carrying
the rs1570360A-rs699947A-rs3025033G-rs2146323 A haplotype had a lower
risk of exudative AMD, suggesting a protective role for this haplotype.

It is interesting to note that haplotypes of these four SNPs were not
analysed previously.

Mori et al. (2010) investigated the association of VEGFA (rs1570360) with
AMD but failed to obtain significant results [150]. The other three studies
investigated rs1570360 associations with efficacy in the treatment of exudative
AMD, but not with the occurrence of AMD [159, 160, 163].

The VEGFA promoter polymorphism rs699947 has been extensively
studied in a variety of angiogenesis-related diseases, including many different
cancers [211-213] and their response to treatment with anti-VEGF agents
[214].

This SNP has also been studied in patients with AMD, but no statistically
significant differences in the genotypic distribution of VEGFA 1s699947 were
found, nor were any significant associations found [16, 150—-152]. Researchers
have also tried to find differences between AMD subtypes by comparing
neovascular and atrophic AMD groups but found no significant results [215].

The previous results were found in much smaller study groups. However,
our study confirmed these results in larger sample groups, including 339
subjects in the early AMD group and 419 in the exudative AMD group, and
374 subjects in the control group.
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Other researchers studied rs699947 associations with anti-VEGF treat-
ment [157-161] or response to photodynamic therapy (PDT) [162—-164], but
conflicting results suggest the role of other risk factors [53] or SNP combi-
nations in response to AMD treatment [216, 217]. Our current analysis of
SNPs and VEGF-A and VEGF-R2 serum concentrations revealed that
carriers of at least one C allele in rs699947 had statistically significantly
higher VEGF-A serum concentrations compared with carriers of the homozy-
gous genotype with wild-type A allele (485.95(945.93) vs. 194.97 (-),
p =0.046).

Bulgu et al. (2014) included an intronic VEGFA variant rs3025033 in
their study and genotyped it in 82 AMD patients and 80 controls. Unfortu-
nately, about 98 % of the genotypes were determined to be AA, so no further
statistical analysis was performed [153].

Li et al. (2021) evaluated the effect of rs3025033 on VEGF165b protein
production but did not obtain significant results; on the other hand, and they
showed that this SNP promotes cell proliferation in human retinal vascular
endothelial cells [218].

Another study by Immonen et al. (2010) included the association analysis
of'rs3025033 and response to PDT, but no associations were found [164].

In contrast, the frequencies of VEGFA rs2146323 differed significantly
between non-responders and responders to PDT [164]. However, similar
frequencies of this SNP were found between exudative AMD patients and
controls [151] or all AMD patients and controls [153]. Study showed that the
rs2146323 C allele was protective against dry AMD, while the A allele was
associated with the disease. Furthermore, there was a statistically significant
difference in genotype frequencies of this SNP between wet and dry AMD
types [153]. Our study showed associations between 1rs2146323 and
exudative AMD only in women, but these results did not persist when we
applied strict Bonferroni correction. Furthermore, we found no associations
between this SNP and serum concentrations of VEGF-A or VEGF-R2.

Other widely studied SNPs show significant associations with AMD,
indicating the possible contribution of the VEGFA rs1413711 and rs833061
polymorphisms to AMD susceptibility [154].

Bulgu et al. (2014) also found that the ancestral allele G in rs1413711
was protective for all AMD patients, and the AA genotype was a risk factor
for AMD and especially a strongly increased risk factor for dry AMD [153].
In another study, opposite results were shown: rs1413711 CC (GG) genotype
was significantly associated with a higher risk of exudative AMD [155]. The
controversial results of these studies may be explained by differences in the
size of the study groups and populations (Turks and Caucasians of Northern
European origin).
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Habibi et al. (2014) showed that the frequencies of VEGFA rs2010963
CC and VEGFA 133025039 TT genotypes were higher in Tunisian AMD
patients than in controls [145].

These results confirmed previous associations between VEGFA
1s3025039, and wet AMD in the Japanese population [156]. A more in-depth
analysis showed that genotype TT in rs3025039 was associated with
increased serum VEGF-A protein levels [16].

In addition, a comprehensive analysis of VEGFA promoter and gene
polymorphisms showed that SNPs +674, +4618, +5092, +9162 and +9512
and their haplotypes, CTCCT and TCACC, were associated with a 15-fold
increased risk of exudative AMD and the haplotype of VEGFA promoter
SNPs -460T, -417T, -172C, -165C, -160C, -152G, -141A, -116A, +405C was
associated with an approximately 18-fold increased risk [155]. Two of these
polymorphisms were included in our study and, together with two other
SNPs, resulting in a protective haplotype for exudative AMD. It is important
to elucidate the SNP combinations and their role in AMD to understand the
pathogenesis and potential treatment strategies better.

VEGF-A serum levels, as well as VEGFA SNPs, are widely studied in
AMD patients. While we found no statistical differences in serum VEGF-A
levels between exudative AMD patients and controls, we confirmed the
results of several other studies that included all AMD patients or only exuda-
tive AMD patients and consisted of 27 to 71 samples per group in different
populations [219-226]. Other studies showed significantly increased VEGF-
A levels in exudative AMD patients compared to control subjects [112, 143].
A few studies also found significantly increased VEGF-A levels in patients
with total AMD than controls [16, 144, 145].

Associations with VEGF-R2 protein have not been studied as extensively
as those with VEGF-A, but conflicting results have also been found. Ornek et
al. (2016) found that decreased serum VEGF-R2 levels were associated with
both dry and wet AMD. Furthermore, negative correlations between VEGFR-
2 and foveal retinal thickness in AMD patients and a significant positive
correlation with subfoveal choroidal thickness indicated the possible role of
VEGF-R2 in AMD development [146]. The other two studies showed
opposite associations and found increased VEGF-R2 protein levels in patients
with exudative AMD than in controls [147,148], suggesting different roles of
VEGF-R2 in the pathogenesis of AMD.
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Immunogenetic marker associations with exudative age-related
macular degeneration treatment efficacy

Study 4 was performed only in the exudative AMD group. We evaluated
the exudative AMD treatment response and divided patients into responders
(n =22) and non-responders (n = 97) based on the ophthalmological parame-
ters. Associations between SNPs from Study 1, 2 and 3 with treatment response
and best-corrected visual acuity and the CMT before treatment and after 3 and
6 months and BCVA and CMT changes after 3 and 6 months were evaluated.

Firstly, we compared the distributions of RAD5IB (rs8017304 and
rs2588809), TRIBI (rs6987702 and rs4351379), COLS8AI (rs13095226),
COLI10A1 (rs1064583) genotypes and alleles between responders and non-
responders, but it did not show any statistically significant differences. Other-
wise, we found that RADS51B rs8017304 is associated with increased CMT in
exudative AMD, but it is not associated with treatment efficacy. On the other
hand, TRIB1 rs4351379 is not associated with the CMT in exudative AMD
but with better anti-VEGF treatment response after 6 months.

Further analysis revealed that /2-9 rs1859430, rs2069870 and rs2069884
SNPs are associated with worse BCV A before anti-VEGF treatment. In cont-
rast, rs2069885 might be associated with the improved BCV A after 6 months
of anti-VEGF treatment.

VEGFA SNP analysis showed that rs699947 C allele was associated with
worse BCVA before and after 3 and 6 months of treatment. Also, this SNP was
associated with higher CMT after 6 months of anti-VEGF therapy, so the results
show that the VEGFA 15699947 C allele is associated with worse treatment
efficacy.

Other scientists also seek to find the associations between genetic markers
and response to anti-VEGF treatment. They focus on genetic variants pre-
viously associated with the exudative AMD development because their asso-
ciations with the AMD pathogenesis can be related to the response to treatment
with anti-VEGF agents. Widely studied HTRAI (rs11200638), A69S at
LOC387715/ARMS?2, 1510490924 in ARMS2/HTRAI or CFH Y402H were
associated with a poorer visual outcome for anti-VEGF treatment [227-229].
These findings could lead to the individualized treatment regimens based on
patients’ genotypes to achieve optimal treatment response in AMD.

While none of the RAD5IB (rs8017304 and rs2588809), TRIBI
(rs6987702 and rs4351379), COL8AI (rs13095226), COL10AI (rs1064583),
1L-9 (rs1859430, rs2069870, rs11741137, rs2069885, rs2069884), and IL-10
(rs1800871, rs1800872, rs1800896) polymorphisms has been analysed with
the response of exudative AMD treatment previously, the VEGFA SNPs have
been involved into several studies as potential biomarkers which could help
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to achieve the optimal treatment response and develop individualised thera-
peutic approaches for exudative AMD.

Researchers analyzed rs699947 associations with anti-VEGF treatment and
found similar results showing that rs699947 AA genotype had a higher chance
of increasing best-corrected visual acuity or better overall response when intra-
vitreal ranibizumab [157, 158] or bevacizumab [159] treatment applied for
AMD. VEGFA 15699947 was also associated with the better response to the pho-
todynamic therapy not only with intravitreal injections [164]. Moreover, few stu-
dies found associations between VEGFA 1rs699947 and treatment efficacy: AA
genotype carriers had higher chances of good response compared to other
genotypes [161] or demonstrated an association with retinal thickness [230]
but statistical significance did not remain after corrections for multiple
testing. Of course, there was a study which showed no associations between
VEGFA 13699947 and anti-VEGF response as well [151]. Opposite results
were shown in one study where ranibizumab treatment was significantly more
effective as measured by BCVA in patients harbouring the C allele at
1699947, and the genotype AA was associated with the absence of early
functional response to ranibizumab [231].

VEGFA rs1570360 and rs3025033 with two others VEGFA SNPs (15699947
and rs2010963) were analyzed with the photodynamic therapy response, but no
associations were found [163, 164].

While Yildiz et al. study confirmed that VEGFA rs2146323 has no rela-
tionship to any effect on anti-VEGF response [151], differences in rs2146323
genotype distributions were found between PDT non-responders and PDT
responders [164]. Hagstrom et al. demonstrated an association between
VEGFA rs2146323 and retinal thickness; however, the adjusted p value was
not statistically significant showing no associations with the response to anti-
VEGF therapy (ranibizumab or bevacizumab) for exudative AMD [230].

Other VEGFA gene SNPs (rs699946 and rs3025000) were also related
with better visual outcomes after anti-VEGF treatment [232, 233].

However, VEGF-A serum levels have not been studied so widely with
the response to intravitreal anti-VEGF treatment. It was only shown that afli-
bercept significantly decreased serum and plasma VEGF-A concentrations
one month after injection [234] and conbercept significantly reduced serum
VEGF-A level one day and one week after injection only [235]. In contrast,
ranibizumab had no significant effect on serum or plasma VEGF-A concent-
ration changes [234, 235].

Our study compared VEGF-A and VEGF-R2/KDR serum protein con-
centrations between responders and non-responders, but the analysis did not
reveal significant differences. VEGF-R2/KDR serum levels were not analy-
sed in previous studies with exudative AMD treatment response.
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CONCLUSIONS

COLS8AI 1513095226 CC genotype, compared to TT and TC genotypes,
is associated with increased odds of exudative AMD development. RADS51B
rs2588809 TT genotype compared to CC genotype, is associated with
increased odds of early AMD development in females.

1L-9 151859430, 152069870, rs11741137, rs2069885, 152069884 haplo-

types A-G-C-G-G and G-A-T-A-T are associated with the decreased

odds of early AMD. Also, minor allele T in /L-710 rs1800896 is associated
with lower IL-10 serum levels in exudative AMD.

VEGFA rs1570360, rs699947, rs3025033, rs2146323 haplotype A-A-G-

A are associated with decreased odds of exudative AMD. Also, VEGFA

r$3025033 G allele is associated with decreased odds of exudative AMD

only in females, and the C allele in VEGFA rs699947 is associated with
elevated VEGF-A serum concentrations in patients with exudative AMD.

Significant associations between immunogenetic markers and exudative

AMD treatment efficacy were determined:

4.1. RADS5IB rs8017304 minor allele is associated with increased
central macular thickness in exudative AMD before anti-VEGF
treatment. Also, TRIBI rs4351379 minor allele is associated with
more decreased central macular thickness after 6 months of
treatment.

4.2. IL-9 rs1859430, rs2069870 and rs2069884 minor alleles are
associated with worse best-corrected visual acuity before anti-
VEGF treatment. On the other hand, /L-9 rs2069885 minor allele
is associated with better improvement of best-corrected visual
acuity after 6 months of anti-VEGF treatment.

4.3. VEGFA 15699947 allele C is associated with worse best-corrected
visual acuity before and after 3 and 6 months of anti-VEGF
treatment, and with higher central macular thickness after 6 months
of anti-VEGF treatment.
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PRACTICAL RECOMMENDATIONS

Our study results suggested the new AMD biomarker complexes: /L-9
rs1859430, rs2069870, rs11741137, rs2069885, rs2069884 haplotypes A-G-
C-G-G and G-A-T-A-T, VEGFA rs3025033 G allele as well as VEGFA
rs1570360, rs699947, rs3025033, rs2146323 haplotype A-A-G-A, IL-10
rs1800896 T allele with lower IL-10 serum levels, and the VEGFA rs699947
C allele with elevated VEGF-A serum levels could help better understand the
AMD pathogenesis differences between early and late AMD forms. Also, the
exudative AMD treatment efficacy associated biomarkers (RAD51B 1s8017304,
1L-9 151859430, rs2069870 and rs2069884 and VEGFA rs699947) should be
included in future studies looking for the best exudative treatment response
or treatment for the other AMD forms.
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SANTRAUKA

Ivadas

Amziné geltonosios démeés degeneracija (AGDD) yra progresuojanti
neurodegeneraciné centrinés makulos liga, sukelianti regos sutrikimus ir
aklumg. Makula yra tinklainés dalis, kurioje yra i$sidéstg fotoreceptoriai atsa-
kingi uz regos astrumg ir spalvy suvokimg [1]. Dazniausiai liga yra diagno-
zuojama apie 60-uosius gyvenimo metus arba véliau [2], bet pirmieji ligos
pozymiai gali buti stebimi ir Zymiai anksciau — apie 40-uosius gyvenimo
metus [3]. AGDD sukelia regos astrumo sumaZzéjima, taip prastindama
gyvenimo kokybe, kadangi darosi sunku atpaZzinti veidus ar atskirti spalvas
[4]. Pagal su amziumi susijusiy ligy studija (ang/ Age-Related Eye Disease
Study (AREDS)), AGDD yra klasifikuojama i pradine, viduting ir vélyvaja
AGDD formas [5]. Nors pradiné AGDD yra daug daznesné ir diagnozuojama
anksciau, eksudaciné AGDD gali sukelti visiska apakimg net 80 proc.
pacienty [6]. AGDD patogenez¢é néra iki galo aiski, todél amzius ir senéjimo
procesai yra stipriai susij¢ su AGDD pasireiskimu, ypac iSsivysciusiose
Salyse, kur didéjantis iSgyvenamumas siejamas ir su su amziumi susijusiy
lygy vystymusi [7]. Ankstesni tyrimai parodé¢, kad Europoje pradine AGDD
serganciyjy skaiciai iSaugs iki 21,5 milijono, o vélyvaja AGDD serganciyjy
skaiCius pasieks 4,8 milijono. Taip sparciai did¢jantis serganciyjy AGDD
skaicius iki 2040-yjy mety pasieks 288 millijonus pasaulyje [8].

Sen¢jimo proecesai akyje apima driizogeneze ir oksidacinj stresg, kurie
skatina AGDD vystymasi [9]. Driizos arba lipidy, baltymy ir kolageno dale-
1és, taip pat aktyviosios deguonies formy sankaupos tarp tinklainés pigmen-
tinio epitelio (TPE) ir Brucho membranos [10], sukelia 1étinj uzdegima
tinklaingje, kuris sukelia negriztamus TPE ir fotoreceptoriy [11, 12] bei
kraujo-akies barjero pakitimus sutrikdydamos normalias akie funkcijas [13].
Taip pat, susikaupusios medziagos skatina TPE iSskirti didelius kiekius
ivairiy uzdegimo veiksniy. Jy ilgalaikis veikimas sukelia fotoreceptoriy ir
TPE lasteliy degeneracijg bei atrofija tinklainéje [14].

Atlikti mokslinai tyrimai parod¢, jog sutrikgs uzdegiminis atsakas skatina
iSsiskirti didelius proangiogeniniy mediatoriy, tokiy kaip kraujagysliy endo-
telio augimo faktoriaus A (KEAF-A), kiekius, skatinancius angiogeneze [ 15—
17]. Kita vertus, naujy, taciau silpny ir pralaidziy kraujagysliy gyslain¢je
augimas sukelia vieting edemg, skatinan¢ig eksudacinés AGDD vystymasi
[17]. Kol kas yra rastas tik eksudacinés AGDD gydymas anti-KEAF injekci-
jomis, tode¢l daug démesio skiriama | KEAF signalinio kelio sgsajas su gydymo
efektyvumu [18], jskaitant ir kitas Siame kelyje dalyvaujancias molekules[15].
Buvo nustatyta, kad uzdegimo veiksniai, tokie kaip IL-10 ir IL-9, yra susij¢ su
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AGDD patogeneze per specifini NF-kB ir JAK/STAT signalinj kelia, kuris
galéty biiti potencialus taikinys eksudacinés AGDD gydymui [19].

Nors itin svarbiis AGDD rizikos veiksniai yra gyvenimo biido jprociai,
tokie kaip rukymas, alkoholio vartojimas ir nesubalansuota mityba [20],
genetiniai veiksniai iSlieka paciais svarbiausiais AGDD patogenezéje. Dar
daugiau, besivystantys genetiniai tyrimai ir inovatyvils tyrimy metodai ska-
tina mus ieskoti potencialiy biozymeny, kurie galéty prisidéti prie ankstyvos
AGDD diagnostikos ir gydymo sukiirimo.

Genetikai uzimant itin svarby vaidmenj AGDD vystymesi, daugelis
mokslininky iesko vieno nukleotido polimorfizmy (VNP) sasajy su AGDD
pasireiSkimu. Mes taip pat pasirinkome anustatyti ir jvertinti /L-9 ir IL-10,
kolegena koduojanc¢iy geny COLSAI ir COLI0AIL, su lipidy transportu
susijusio geno TRIBI [21], su oksidaciniu stresu ir DNR pazaidy taisymu
siejamo geno RADS5 1B [22] ir su kraujagysliy augimu susijusio VEGFA geno
vieno nukleotido polimorfizmy s3sajas su AGDD pasireiSkimu bei
eksudacinés AGDD gydymo anti-KEAF injekcijomis efektyvumu. Manome,
jog pasirinkti VNP ir IL-9, IL-10, VEGF-A ir VEGF-R2/KDR baltymai gali
buti reikSmingai susije su AGDD pasireiskimu bei eksudacinés AGDD
gydymo efektyvumu.

Tikslas ir uZdaviniai
Tyrimo tikslas:

Tyrimo tikslas buvo nustatyti naujus imunogenetinius molekulinius
zZymenis pacienty serganciy amzine geltonosios démés degeneracija kraujyje
bei jvertinti jy sasajas su eksudacinés amzinés geltonosios démes
degeneracijos gydymo efektyvumu.

Tyrimo uZdaviniai:

1. Nustatyti RADS5IB (rs8017304 ir rs2588809), TRIB1 (rs6987702,
rs4351379 ir rs4351376), COL8A1 (rs13095226) ir COLI10A1
(rs1064583) geny polimorfizmy sgsajas su pradinés ir eksudacinés
amzinés geltonosios démés degeneracijos pasireiskimu.

2. Nustatyti /L-9 (rs1859430, rs2069870, rs11741137, rs2069885 ir
rs2069884), IL-10 (rs1800871, rs1800872 ir rs1800896) geny
polimorfizmy bei IL-9 ir IL-10 koncentracijy kraujo serume sgsajas
su pradinés, eksudacinés ir atrofinés amzinés geltonosios démés
degeneracijos pasireiskimu.

3. Nustatyti VEGFA (rs1570360, rs699947, rs3025033 ir rs2146323A)
geno polimorfizmy bei VEGF-A ir VEGF-R2/KDR koncentracijy
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kraujo serumo sgsajas su pradinés ir eksudacinés amzinés gelto-
nosios démeés degeneracijos pasireiSkimu.

Nustatyti RAD51B (rs8017304 ir rs2588809), TRIBI (rs6987702,
rs4351379 ir rs4351376), COL8AI1 (rs13095226), COL10A41
(rs1064583), IL-9 (rs1859430, rs2069870, rs11741137, rs2069885 ir
rs2069884), IL-10 (rs1800871, rs1800872 ir rs1800896), VEGFA
(rs1570360, rs699947, 1rs3025033 ir rs2146323A) geny polimorfiz-
my bei IL-10, VEGF-A ir VEGF-R2/KDR kraujo serumo koncentra-
cijy sasajas su eksudacinés amzinés geltonosios démés degenera-
cijos gydymo anti-KEAF injekcijomis efektyvumu.

Naujumas

Musy atliktas tyrimas leido identifikuoti naujus prognostinius su uzde-
gimu susijusius AGDD bioZymenis:

1.

IL-9 151859430, rs2069870, rs11741137, 1s2069885, 152069884
haplotipas A-G-C-G-G susij¢s su 2 kartais, 0 G-A-T-A-T susij¢ 12
karty mazesne pradinés AGDD pasireiskimo galimybe.

VEGFA 1s3025033 G alelis ir VEGFA rs1570360, rs699947,
rs3025033, rs2146323 haplotipas A-A-G-A susij¢ su 2 Kkartais
mazesne eksudacinés AGDD pasireiskimo galimybe. Kita vertus,
VEGFA 1rs3025033 G alelis susijes su mazesne eksudacinés AGDD
pasireiskimo galimybe tik moterims.

RADS5IB 152588809 TT genotipas, lyginant su CC genotipu, yra
susijes su 7 kartais didesne pradinés AGDD pasireiSkimo galimybe
taip pat tik moterims.

Remiantis mums prieinamomis duomeny bazémis, mes pirma karta
nustatéme, jog IL-10 rs1800896 T alelis yra susij¢s su mazesne IL-10 kon-
centracija kraujo serume, o VEGFA rs699947 C alelis su didesne VEGF-A
koncentracija kraujo serume sergantiems eksudacine AGDD.

Taip pat, mes pirmieji nustatéme $iy imunogenetiniy Zymeny sgsajas su
eksudacinés AGDD gydymo anti-KEAF injekcijomis efektyvumu:

1.

RADS51B 158017304 retesnysis alelis susijes su didesniu centriniu
tinklaines storiu prie§ gydyma anti-KEAF; TRIBI rs4351379 retes-
nysis alelis susijes su didesniu centrinio tinklainés storio sumazgji-
mu po SeSiy meénesiy gydymo anti-KEAF injekcijomis.

1L-9 151859430, rs2069870 ir rs2069884 retesnieji aleliai yra susije
su blogesniu regos astrumu prie§ anti-KEAF gydyma; /L-9 rs2069885
retasis alelis yra susijgs su didesniu geriausio koreguoto regos
aStrumo pageré¢jimu pra¢jus SeSiems ménesiams nuo gydymo anti-
KEAF injekcijomis pradzios.
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3. VEGFA 15699947 C alelis yra susijgs su blogesniu geriausiu
koreguotu regos astrumu pries gydyma, po trijy ménesiy ir SeSiy
ménesiy nuo gydymo anti-KEAF injekcijomis pradzios. Taip pat, jis
susijes su didesniu centriniu tinklainés storiu pra¢jus SeSiems
ménesiams nuo gydymo anti-KEAF injekcijomis pradzios.

Nustatyti imunogenetiniai Zymenys ir jy kompleksai ateityje galéty prisi-

deti prie efektyviausio AGDD gydymo uztikrinimo.

Tyrimo planavimas ir metodai:

Tyrimai buvo atliekami Lietuvos sveiktos moksly universiteto, Neuro-
moksly instituto Oftalmologijos laboratorijoje, gavus Kauno regioninio bio-
medicininiy tyrimy etikos komiteto (BE-2-/48) leidimg.

Visas mokslinis tyrimas buvo padalintas | keturis atskirus tyrimus
(Tyrimas 1-4) (1 lentel¢). Visiems tiriamiesiems atliktas i§samus oftalmo-
loginis iStyrimas ir iriamieji suskirstyti j keturias grupes: sergantys pradine
AGDD, eksudacine arba atrofine AGDD bei kontrolinés grupés asmenys.
Taip pat, sergantys eksudacine AGDD buvo suskirstyti | atsakancius |
gydyma ir neatsakancius | gydyma anti-KEAF injekcijomis, remiantis gautais
oftalmologiniy tyrimy rezultatais.

1 lentelé. Tyrimo struktira

Tiriamyjy skaicius
Tyrimo pavadinimas | Pradiné | Eksudaciné | Atrofiné | Kontroliné | I§
AGDD AGDD AGDD grupé viso

Tyrimo
Nr.

RADS51B, TRIB1, COL8AI
ir COL10A1 polimorfizmy
sgsajos su amzine geltono-
sios démeés degeneracija

IL-9 ir IL-10 polimorfizmy
bei IL-10 koncentracijos

2 |kraujo serume s3sajos su 343 422 61 383 1209
amzine geltonosios démés
degeneracija

VEGFA polimorfizmy ir
VEGF-A ir VEGF-R2/KDR
3 koncentracijos kraujo seru- 339 419 — 374 1132
me s3sajos su amzine gelto-
nosios démes degeneracija

254 244 - 942 | 1440

Imunogenetiniy Zymeny
sasajos su eksudacinés
4  |amzinés geltonosios démeés - 119 - - 119
degeneracijos gydymo
efektyvymu
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Deoksiribonukleininés ragsties (DNR) iSskyrimui kraujas buvo surinktas
1 vakuuminius mégintuvélius su antikoaguliantu EDTA (etilendiamintetra-
acto rugstis), kad nesusidaryty mikrokresuliai ir DNR biity apsaugota nuo
degradacijos. Tyrime naudojama DNR buvo i$skirta i§ periferinio kraujo bal-
tyjy kraujo lasteliy — leukocity. DNR skyrimas atliktas i§ 200 pl kraujo, nau-
dojant silikagelio kolonéliy genominés DNR skyrimo rinkinj (Thermo Fisher
Scientific, Lietuva).

Devyniolikos VNP: RADS51B (rs8017304 ir rs2588809), TRIB1 (156987702,
1s4351379 ir rs4351376), COL8AI (rs13095226), COL10A1 (rs1064583), IL-
9 (rs1859430, rs2069870, rs11741137, rs2069885 ir rs2069884) and IL-10
(rs1800871, rs1800872 ir rs1800896) ir VEGFA (rs1570360, rs699947,
rs3025033 ir rs2146323) genotipavimas buvo atliktas naudojant molekuliniy
pradmeny ir zondy rinkinius ,,TagMan™ Genotyping assay* (Thermo Fisher
Scientific, JAV). Genotipavimas atliktas tikro laiko polimerazés grandinés
reakcijos (TL-PGR) metodu, TL-PGR gausintuvu ,,StepOne Plus* (Applied
Biosystems by Thermo Fisher Scientific, Singapiiras) pagal gamintojo reko-
mendacijas.

IL-9, IL-10, VEGF-A ir VEGFR2/KDR baltymy koncentracijos tiriamy-
ju kraujo serume buvo nustatytos imunofermentiniu ELISA metodu, naudo-
jant komercinius IL-9 (Kat. Nr. BMS2081), IL-10, (Kat. Nr. BMS215-2),
VEGF-A (Kat. Nr. BMS277-2) ir VEGF-R2/KDR (Kat. Nr. BMS2019) ELISA
rinkinius. Baltymy koncentracija nustatyta ir suskai¢iuota ,,Multiskan FC*
mikroploksteliy fotometru (Thermo Fisher Scientific, JAV) ties 450 nm
bangos ilgiu. Méginiai, kurie nepasieké minimalios koncentracijos ribos,
nebuvo jtraukti j skai¢iavimus.

Statistiné duomeny analiz¢ buvo atlikta naudojant kompiutering progra-
mg3 ,,IBM SPSS Statistics 27.0° (Statistical Package for the Social Sciences
for Windows, Inc., IL, Cikaga, JAV). Duomenys pateikiami realiaisiaias skai-
Ciais (proc.) arba mediana, tarpkvartiliniu plocio (IQR) vertémis. Duomeny,
kurie néra normaliai pasiskirste, palyginimui tarp dviejy grupiy buvo naudo-
tas Mano-Vitnio U testas.

Geny polimorfizmy genotipy pasiskirstymas kontrolingje grupése ver-
tintas pagal Hardzio-Veinbergo désnj (http://www.oege.org/software/hwe-mr-
calc.shtml). Polimorfizmy genotipy pasiskirstymo homogeniskumo tarp ser-
ganciyjy pradine, eksudacine ar atrofine AGDD ir kontrolinés grupés paly-
ginimui taikytas Chi kvadrato testas (y?). Fisher vienpusio ir dvipusio kriterijy
skaiCiavimas atliktas lyginant genotipy ir aleliy pasiskirstymus | gydyma
atsakanciy ir neatsakanciy pacienty grupes. Atlikus dvinare logisting regre-
sin¢ analize, jvertintas galimybiy santykis (GS) AGDD pasireiksti, atsizvel-
giant j paveldéjimo modelius. GS buvo koreguotas pagal amziy arba lytj. Si
analizé atlikta atskiroms grupéms nurodant GS su 95 proc. pasikliautinuoju
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intervalu (PI). Pasirenkant geriausig paveldé¢jimo modelj buvo vertinamas
Akaike informacinis kriterijus (AIK), kurio maziausia verté nurodo tinka-
miausig modelj. Haplotipy analiz¢ atlikta naudojant elektroning laisvai pri-
einamg statistinés analizés programg SNPStats software (https://www.snpstats.
net/snpstats/) [174].

Skirtumai vertinti kaip statistiskai reikSmingi, kai p<0,05. Genotipy ana-
lizéje taikyta daugkartiniy lyginimy Bonferoni korekcija.

Rezultatai

Pirmiausia buvo jvertintos RADS5IB (rs8017304 ir rs2588809), TRIB1
(rs6987702 ir rs4351379) bei COL8A1 (rs13095226) VNP sasajos su pradinés
ir eksudacinés AGDD pasireiSkimu. Rezultatai parodé, jog COLSAI
rs13095226 CC genotipas yra susijes su padidéjusia eksudacinés AGDD pasi-
reiSkimo galimybe pagal kodominantinj (GS = 3,426; 95 proc. PI: 1,355—
8,667; p=0,009) ir recesyvini (GS =3,540; 95 proc. PL: 1,415-8,856;
p=0,007) genetinius modelius. Vertinant kity VNP sasajas su AGDD, statis-
tiSkai reikSmingy rezultaty nustatéme.

Tesiant tyrimag buvo atlikta 7L-9 (rs1859430, rs2069870, rs11741137,
rs2069885 ir rs2069884) ir IL-10 (rs1800871, rs1800872 ir rs1800896) geno-
tipavimas bei IL-9 ir IL-10 koncentracijos kraujo serume nustatymas sergan-
tiems AGDD ir kontrolinés grupés asmenims. Dvinaré logistiné regresija
parodg, jog IL-9 1s1859430 GA genotipas susij¢s su mazesne pradinées AGDD
pasireiskimo galimybe pagal kodominantinj (GS = 0,700; PI: 0,507-0,966;
p = 0,030) ir virSdominantj (GS = 0,673; 95 proc. PI: 0,490-0,925; p = 0,015)
genetinius modelius, koreguojant pagal lytj. /L-9 rs11741137 CT genotipas
susij¢s su mazesne pradinés AGDD pasireiskimo galimybe pagal virSdomi-
nantinj modelj, koreguojant pagal lytj (GS = 0,720; 95 proc. PI: 0,522-0,994;
p =0,046). Taip pat, mes nustatéme, jog /L-10 rs1800896 CC genotipas
susij¢s su didesne atrofinés AGDD pasireiskimo galimybe pagal recesyvinj
modelj, koreguojant pagal amziy (GS =2,013; 95 proc. PI: 1,078-3,759;
p =0,028). StatistiSkai reikSmingy rezultaty eksudacinés AGDD grupé¢je
nenustatéme. Atlikta dvinaré logistiné regresija taip pat parodé, jog IL-9
rs1859430 GA genotipas susijes su mazesne pradinés AGDD pasireiskimo
galimybe vyrams pagal kodominantinj (GS = 0,547; 95 proc. PI: 0,302—
0,991; p =0,047) ir virSdominantinj (GS = 0,26; 95 proc. PI: 0,292-0,948;
p =0,033) genetinius modelius. 7L-9 rs11741137 CT genotipas susijes su
mazesne pradinés AGDD pasireiSkimo galimybe pagal kodominantinj modelj
(GS =0,543; 95 proc. PI: 0,301-0,979; p = 0,042). Kita vertus, Sie rezultatai
neisliko statistiSkai reikSmingi pritaikius Bonferoni korekcijg (p>0.05/8).
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IL-9 ir IL-10 haplotipy analizeé parod¢, jog IL-9 rs1859430A-1s2069870G-
rs11741137C-rs2069885G-rs2069884G  ir  rs1859430G-rs2069870A-
rs11741137T-rs2069885A-rs2069884T haplotipai yra susij¢ su maZesne pra-
dinés AGDD pasireiskimo galimybe (GS = 0,49; 95 proc. PI: 0,025-0,95;
p = 0,035 ir GS = 0,08; 95 proc. PI: 0,01-0,61; p = 0,015, atitinkamai). Rety-
ju haplotipy rinkinys buvo susij¢s su mazesne eksudacinés AGDD pasireis-
kimo galimybe (GS =0,37; 95 proc. PI: 0,015-0,092; p=0,033). IL-10
haplotipy analiz¢é neparodé¢ statistiSkai reikSmingy rezultaty.

Pamatavome IL-9 ir IL-10 koncentracijas tiriamyjy kraujo serume:
serganCiy pradine AGDD (n=20), eksudacine AGDD (n = 26), atrofine
AGDD (n = 20) ir kontrolinés grupés asmenis (n = 19). Nustatéme, jog IL-10
koncentracija buvo mazesn¢ serganciy eksudacine AGDD kraujo serume nei
kontrolinés grupés asmeny (8,0 (2,7) pg/ml vs. 8,8 (2,4) pg/ml, p =0,049),
taip pat mazesné nei pradine AGDD serganciy asmeny (8,0 (2,7) pg/ml vs.
9,2 (1,7) pg/ml, p = 0,017) bei maZesné nei atrofine AGDD serganciy asmeny
(8,0 (2,7) pg/ml vs. 9,4 (1,5) pg/ml, p = 0,008), atitinkamai. Detalesné anali-
z¢ parodé¢, kad asmenys turintys bent vieng IL-10 rs1800896 T alelj, turi
mazesng¢ IL-10 koncentracijg kraujo serume, lyginant su asmenimis turinciais
CC genotipa: 7,2 (2,3) vs. 9,3 (1,4); p = 0,048. IL-9 nebuvo nustatytas tiria-
myjy kraujo serume.

Kitoje tyrimo dalyje analizavome VEGFA (rs1570360, 1rs699947,
rs3025033, and rs2146323) ir VEGF-A bei VEGF-R2/KDR baltymy sasajas
su AGDD. Statistiné analizé parodé, jog rs3025033 G alelis susijes su mazes-
ne eksudacinés AGDD pasireiSkimo galimybe pagal dominantinj (GS = 0,67;
95 proc. PI: 0,49-0,80; p = 0,0088) ir adityvinj (GS = 0,7; 95 proc. PI: 0,54—
0,90; p = 0,0058) genetinius modelius. Atlikus analiz¢ vyry ir motery gupése
atskirai, nustatéme, kad rs3025033 AG genotipas susijes su mazesne ekduda-
cinés AGDD pasireiskimo galimybe moterims pagal kodominantinj modelj
(GS =0,57; 95 proc. PI: 0,37-0,87; p =0,009). Taip pat, nustatéme, kad G
alelis susij¢s su mazesne eksudacinés AGDD pasireiSkimo galimybe mote-
rims pagal dominantinj (GS = 0,55; 95 proc. PI: 0,37-0,82; p=0,0032) ir
adityvinj (GS = 0,60; 95 proc. PI: 0,42-0,84; p = 0,0028) modelius.

VEGFA 151570360, rs699947, rs3025033 ir rs2146323 haplotipy analizé
parodé, jog rs1570360A-rs699947 A-rs3025033G-rs2146323 A haplotipas yra
susijes su mazesne eksudacinés AGDD pasireiskimo galimybe (GS = 0,46,
95 proc. PI: 0,23-0,90; p = 0,023).

Nors iSmatave VEGF-A ir VEGF-R2/KDR koncentracijas serganciy
eksudacine AGDD kraujo serume prie§ gydyma anti-KEAF injekcijomis skir-
tumy nenustatéme, taciau nustatéme, kad VEGFA rs699947 C alelis, lyginant
su AA genotipu, statistiSkai reikSmingai susij¢s su didesne VEGF-A koncent-
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racija serganCiy eksudacine AGDD kraujo serume: 485.95(945.93) vs.
194.97 (), atitinkamai, p = 0.046.

Nustate $iy Zymeny sagsajas su pradinés, eksudacinés ar atrofinés AGDD
pasireiSkimu, jvertinome S$iy zymeny sasajas su eksudacinés AGDD gydymo
anti-KEAF efektyvumu. Statistiné analizé¢ parode¢, jog RADS51B rs8017304
retesnysis alelis susij¢s su didesniu centriniu tinklainés storiu prie§ gydyma
anti-KEAF injekcijomis (p = 0,004). TRIBI rs4351379 retesnysis alelis susi-
jes su didesniu centrinio tinklainés storio sumazéjimu po SeSiy ménesiy gydy-
mo anti-KEAF injekcijomis (p = 0,03).

1L-9 151859430, rs2069870 ir rs2069884 retesnieji aleliai yra susij¢ su
blogesniu regos astrumu prie§ anti-KEAF gydyma (p=0,018; p=0,012;
p = 0,041, atitinkamai). Kita vertus, /L-9 rs2069885 retasis alelis yra susijes
su didesniu geriausio koreguoto regos astrumo pageré¢jimu praéjus SeSiems
ménesiams nuo gydymo anti-KEAF pradzios (p = 0,032). IL-10 koncentra-
cija kraujo serume nebuvo susijusi su eksudacinés AGDD gydymo efekty-
vumu.

Galiausiai, VEGFA VNP ir VEGF-A bei VEGF-R2/KDR baltymy kon-
centracijos kraujo serume buvo jvertintos kartu su eksudacinés AGDD gy-
dymo anti-KEAF injekcijomis efektyvumu. Nustatéme, jog VEGFA rs699947
C alelis yra susijes su blogesniu geriausiu koreguotu regos astrumu pries
gydyma (p = 0,027), po trijy ménesiy (p = 0,003) ir SeSiy ménesiy (p = 0,022)
nuo gydymo anti-KEAF pradzios. Taip pat, jis susijes su didesniu centriniu
tinklainés storiu pra¢jus SeSiems ménesiams nuo gydymo anti-KEAF
pradzios (p =0,032). VEGF-A bei VEGF-R2/KDR baltymy koncentracijos
nebuvo susijusios su eksudacinés AGDD gydymo anti-KEAF efektyvumu.

ISvados

1. COL8AI1rs13095226 CC genotipas, lyginant su TT ir TC genotipais,
yra susijes su didesne eksudacinés amzinés geltonosios démes
degeneracijos pasireiSkimo galimybe, o RAD5IB TT genotipas,
lyginant su CC genotipu, yra susijes su didesne pradinés AGDD
pasireiskimo galimybe taip pat tik moterims.

2. IL-9 rs1859430, rs2069870, rs11741137, rs2069885, rs2069884
haplotipai A-G-C-G-G ir G-A-T-A-T yra susij¢ su mazesne pradinés
amzinés geltonosios démés degeneracijos pasireiskimo galimybe.
Taip pat, IL-10 rs1800896 T alelis yra susijes su mazesne IL-10
koncentracija kraujo serume sergantiems eksudacine amzine
geltonosios démés degeneracija.

3. VEGFA 151570360, rs699947, rs3025033, rs2146323 haplotipas
A-A-G-A yra susijgs su mazesne eksudacinés amzinés geltonosios
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démés degeneracijos pasireiSkimo galimybe. Taip pat, VEGFA

rs3025033 G alelis yra susijges su mazesne eksudacinés amzinés

geltonosios démés degeneracijos pasireiSkimo galimybe moterims,

0 VEGFA rs699947 C alelis yra susijes su didesne VEGF-A kon-

centracija kraujo serume sergantiems eksudacine amzine geltonosios

démés degeneracija.

4. StatistiSkai reikSmingos genetiniy Zymeny s3sajos nustatytos su
eksudacinés amzinés geltonosios démés degeneracijos gydymo anti-
KEAF injekcijomis efektyvumu:

4.1. RADS51B 18017304 retesnysis alelis susijes su didesniu centriniu
tinklainés storiu prie§ gydyma anti-KEAF. TRIBI rs4351379
retesnysis alelis susijes su didesniu centrinio tinklainés storio
sumazéjimu po SeSiy meénesiy gydymo anti-KEAF injekci-
jomis.

4.2. IL-91s1859430, rs2069870 and rs2069884 retesnieji aleliai yra
susij¢ su blogesniu regos aStrumu prie$ anti-KEAF gydyma.
Kita vertus, IL-9 rs2069885 retasis alelis yra susijes su dides-
niu geriausio koreguoto regos astrumo pageréjimu praéjus
SeSiems ménesiams nuo gydymo anti-KEAF pradzios.

4.3. VEGFA 15699947 C alelis yra susij¢s su blogesniu geriausiu
koreguotu regos astrumu prie§ gydyma, po trijy ménesiy ir
SeSiy meénesiy nuo gydymo anti-KEAF pradzios. Taip pat, jis
susij¢s su didesniu centriniu tinklainés storiu pra¢jus SeSiems
meénesiams nuo gydymo anti-KEAF pradzios.

Praktinés rekomendacijos

Misy tyrimo rezultatai atskleidé naujus AGDD biozymeny kompleksus:
1L-9151859430, 152069870, rs11741137, rs2069885, rs2069884 haplotipai A-
G-C-G-G ir G-A-T-A-T, VEGFA 133025033 G alelis ir VEGFA rs1570360,
r$699947, 1s3025033, rs2146323 haplotipas A-A-G-A, IL-10 rs1800896 T
alelis kartu su sumazéjusia IL-10 koncentracija kraujo serume bei VEGFA
r$699947 C alelis su padid¢jusia VEGF-A koncentracija kraujo serume se-
rum, kurie gali padéti geriau suprasti AGDD patogenezg bei pradings ir vely-
vosios AGDD patogenezinius skirtumus. Taip pat, su eksudacines AGDD
gydymo efektyvumu susije biozymenys (RADS51B rs8017304, IL-9 rs1859430,
152069870, 152069884 ir VEGFA 1s699947) turéty bti jtraukiami  biisimus
AGDD tyrimus, analizuojancius atsakg j eksudacines AGDD gydymga ar
kuriant kity AGDD formy gydymo strategijas.
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Background. Age-related macular degeneration (AMD) is a progressive neurodegenerative disease of a central part of the neural
reting (macula) and a leading cause of blindness in elderly people. While it is known that the AMD is a multifactorial discase,
genetic factors involved in lipid metabolism, inflammation, and neovascularization are currently being widely studied in
genome-wide association studies (GWAS). The aim of our study was to evaluate the impact of new single nucleotide
polymorphisms (SNPs) in RADS1B, TRIBI, COL8AL and COLIOAL genes on AMD development. Methods. Case-control study
involved 254 patients diagnosed with early AMD, 244 patients with exudative AML, and 942 control subjects. The genotyping
of RADSIE (rs8017304 and rs2588809), TRIBI (rs6987702, rs4351379, and rs4351376), COL8AT (rs13095226), and COLIOAI
(rs1064583) was carried out using TagMan assays by a real-time polymerase chain reaction (RT-PCR) method. Results.
Statistically significant difference was found in genotype (1°I, TC, and CC) distribution of COLSA! rs13095226 between
exudative AMD and control groups (60.2%, 33.6%, and 6.1% vs. 64.9%, 32.3%, and 2.9%, respectively, p=0.036), Also,
comparing with TT+TC, rs13095226 CC genotype was associated with 3.5-fold increased odds of exudative AMD development
(OR = 3.540; 95% CI: 1.415-8.856; p = 0.007). Conclusion. Our study revealed a strong association between a variant in COL8A L
(rs13095226) and exudative AMD development.

1. Introduction accumulated between the retinal pigment epithelium (RPE)

and the Bruch's membrane (BrM) in the retina [3]. RPE con

Age-related macular degeneration (AMD) is a progressive
neurodegenerative disease of a central part of neural retina
(macula) [1]. AMD is a leading cause of central vision loss,
and while it is diagnosed in elderly people (in those aged 60
and over) [1], the first signs of the disease can occur in people
aged 40 [2]. One of the main processes involved in AMD
pathogenesis is called drusogenesis [3]. Drusen are described
as small particles of lipid, protein, and collagen detachments

trols fluid transportation between the choriocapillaris and
the retina including lipid transportation and metabolism as
well as oxygen transportation [4]. The BrM is a five-layer
extracellular matrix located between the RPE and the cho-
roid. It regulates metabolic exchange between RPE cells and
blood flow from the choroid through a semipermeable filtra-
tion barrier [5]. Any alteration in the structure of BrM might
impact dysfunction of the RPE and the outer retina [6]. One
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of the most complicated biological processes which may
affect BrM is ageing: age-related processes urge the accumu-
lation of incompletely digested phospholipids [7], combining
with oxidative stress results of lipid peroxidation [8] and
lysosomal defects in photoreceptor outer segments [9]. Oxi-
dative stress-induced lipid and protein accumulation leads
to RPE injury or early RPE cell death with changes in BrM
[10, 11]. Damaged RPE cells release huge amounts of differ-
ent cytokines and chemokines which could result in chronic
inflammation over time [12-14]. One of the cytokines is a
vascular endothelial growth factor A (VEGF-A) which can
also induce angiogenesis [15-17]. This process leads to a
growth of new fragile and leaky vessels resulting in exudative
hemorrhage and acute vision loss [18]. According to the
Age-Related Eye Disease Study (AREDS), AMD can be clas-
sified into early, intermediate, and late stages [19]. Early
AMD is described as the appearance of drusen and retinal
pigment abnormalities; when at least one large druse, numer-
ous medium-sized drusen, or geographic atrophy (GA)
without extension to the center of the macula occurs, the
intermediate stage of AMD is diagnosed; late AMD is divided
into dry AMD with the GA of the RPE and neovascular AMD
which is characterized by choroidal neovascularization with
detachments of the RPE, hemorrhages, and/for scars [20].
While it is known that the AMD is a multifactorial disease,
genetic factors involved in lipid metabolism, inflammation,
and neovascularization are currently being widely studied
in genome-wide association studies (GWAS). Products of a
collagen gene family are composed of types I, II, III, and V
of fibril-forming interstitial and type IV basement membrane
collagens. Collagens keep the architecture and function
of normal tissues as well as the structure and function of
the extracellular matrix [21, 22]. Recent studies detected
an intronic variant in COL8AT gene (rs13095226 T/C), sug-
gesting an association with advanced AMD ([23-27]. The
COL8AL gene is located on human chromosome 3 and
encodes one of the two alpha chains of type VIII collagen
which is a central component of multiple basement mem-
branes of corneal endothelial cells, including BrM, choroi-
dal stroma, and endothelia of blood vessels, playing a role in
the maintenance of vascular integrity and structure [28, 29].
BrM and new wessel formation play a key role in patho-
genesis of AMD [30]. Another collagen gene family member
is COLIOA! gene, located on human chromosome 6, which
encodes the alpha chain of type X collagen. This short-
chain collagen is expressed by hypertrophic chondrocytes
during endochondral ossification, and it was shown that the
expression of COLIOAI was significantly downregulated in
patients with osteoarthritis [31], but its expression was higher
in diverse solid tumors and correlated with tumor vasculature
[32]. The new variant near FRK/COLIOA1 (rs1999930) was
found to be associated with advanced AMD development
[24] and suggested the COL10AT as a potential locus for future
association studies. While the oxidative stress has been
linked to the various types of DNA damage playing a signif-
icant role in ageing and age-related disorders [33, 34], few
studies [35, 36] revealed a significant association between
oxidative stress-linked DNA damage and AMD develop-
ment. Recently, GWAS pinpointed new genetic variations
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in the RADS5IB gene associated with AMD [25, 26, 37, 38].
RADSIB is involved in homologous recombinational repair
of DNA double-strand breaks by promoting the activity of
the central recombinase [39]. Absence of RADS1B protein
is thought to disrupt the formation of the RAD51 nucleo-
protein filament, which is the initial stage of homologous
recombinational repair [40]. G-protein-coupled receptor-
induced proteins, playing a role in the mitogen-activated
protein kinases- (MAPK-) related signaling cascade [41, 42]
which mediates cell proliferation, differentiation, and apo-
ptosis [43] and can regulate lipid metabolism through this
pathway [44], are encoded by tribbles pseudokinase 1 (TRIBI)
gene located in human chromosome 8. It has also been
suggested that the TRIBI expression is regulated by inflam-
matory stimulation [45]. There was found one SNP in TRIB!
gene (rs6987702) to be associated with AMD in African
American and Mexican American population [46], suggest-
ing a significant role of TRIB1 in AMD development.

Association studies of these SNPs, however, have not
been conducted in both (early and exudative) AMD forms.
Genetic differences between developments of early and exu-
dative AMD still need to be researched and understood bet-
ter which might lead to future studies with focus on certain
molecular pathways involved in the pathogenesis of AMD.
Also, genetic variations combined with other risk factors
or molecular changes can benefit physicians in creating per-
sonalized genetic therapies andfor lifestyle programs for
increased risk individuals.

Considering previously studied links between genetic
variations and AMD), we chose three previously described
SNPs in RADSIB (rs8017304), TRIB1 (rs6987702), and
COLBAL (rs13095226) and four new genetic loci in RADS1B
(rs2588809), TRIB1 (rs4351376 and rs4351379), and COL10A1
(rs1064583) genes as potential biomarkers for early and
exudative AMD. The aim of our study was to determine
and evaluate their impact on the development of early and
exudative AMD in the Lithuanian population.

2. Materials and Methods

The study was conducted in the Department of Ophthal-
mology, Hospital of Lithuanian University of Health Sciences
and Laboratory of Ophthalmology, Neuroscience Institute,
Lithuanian University of Health Sciences. Fthical approval
was obtained from the Ethics Committee for Biomedical
Research (number: BE-2-/13).

Ophthalmological evaluation, study group formation,
DNA extraction and genotyping methods, and statistical anal-
ysis were described in detail in our previous studies [47, 48].

3. Results

3.1. Demographic Characteristics of the Study Groups. Our
study involved 498 patients (254 patients with a diagnosis
of early AMD and 244 patients with exudative AMD) and
942 healthy controls. The control group was formed of 942
subjects classified into different genders, which matched gen-
der classification in the early and exudative AMD group
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Tarre 1: Demographic characteristics.
i Group
“haracteristic Early AMD (1 = 254) Exudative AMD (n = 244) Control (n=942) pvalue
Gender
Male, n (%) 83 (32.7) 87 (35.7) 350 (37.2) 0.188"
Female, 1t (%) 171 (67.3) 157 (64.3) 592 (62.8) 0.665**
<0.001"
Age (years), median (IQR) 73(12) 76 (11) 530 <0,001**

“Early AMD group vs. the control group. ** Exudative AMD group vs. the control group.

TasLe 2: Analysis of Hardy-Weinberg equilibrium in contrel group
subjects.

Genotype
SNP i !\IJelel ‘distribution pvilue
frequencies in the control
group
RADSIBrs8017304 G (0.31) A (0.69)  90/401/451 0.950
RADSIB rs2588809 T (0.12) C (0.88) 17/185/740 0.175
TRIBI rs6987702 C(027) T(0.73) 83/343/516  0.019
TRIBI rs4351379 C 007y G(0.94) TI109/826 0111
COL8AI rs13095226 C(0.19) T (0.81)  27/304/611 0.138
COLIOAT rs1064583 G (0.31) A (0.69)  52/482/408  <0.001

structure; however, subjects of the control group were youn-
ger than AMD patients (p < 0.001) (Table 1).

3.2. Hardy-Weinberg Equilibrium. When genotyping results
showed that G allele at TRIBI rs4351376 was observed in
all study subjects (100%), it was not included in further
analysis. Hardy-Weinberg equilibrium (HWE) analysis
showed that the distribution of genotypes of rs6987702 and
rs1064583 deviated from the HWE in the control group
and those two SNPs were excluded from further statistical
analysis as well (Table 2).

3.3. Analysis of Single Nucleotide Polymorphisms. Analysis
of four SNPs (rsB017304, rs2588809, rs4351379, and
rs13095226) in the early and exudative AMD and control
groups showed a statistically significant difference only in
genotype (TT, TC, and CC) distribution of COLSAI
rs13095226, when compared to the exudative AMD and con-
trol groups (60.2%, 33.6%, and 6.1% vs. 64.9%, 32.3%, and
2.9%, respectively, p = 0.036) (Table 3).

Binomial logistic regression revealed that the rs13095226
CC genotype is associated with 3.5-fold increased odds of
exudative AMD development under the recessive model
(OR = 3.540; 95% CI: 1.415-8.856, p = 0.007) as well as under
the codominant model (OR=3.426; 95% CI: 1.355-8.667,
p=0.009) (Table 4). Results remained statistically signifi-
cant even after applying Bonferroni correction (p < 0.05/4)
(Table 4).

3.4, Haplotype Associations with AMD. In this section, we
performed haplotype association analysis and evaluated the
impact of haplotype constructed of two SNPs: rs8017304

and rs2588809 on early and exudative AMD development.
Linkage disequilibrium (LD) analysis was assessed by both
D' and r* measures. The r* values were 0.055 and 0.063 in
early AMD and exudative AMD analysis, respectively; for
the haplotype block, |D'| values were 0.425 and 0.457 in early
AMD and exudative AMD analysis, respectively.

Unfortunately, haplotype analysis did not reveal any sig-
nificant associations with early or exudative AMD develop-
ment after adjustment for age.

4. Discussion

Our study involved 498 AMD patients (254 patients with
the diagnosis of early AMD and 244 patients with exudative
AMD) and 942 healthy control subjects. Since we chose 7
SNPs, 5 of those were newly selected as risk factors for
AMD development, RADS1B (rs2588809), TRIBI (rs6987702,
rs4351376, and rs4351379), and COLI0OAT (rs1064583), and
2 were already associated with AMD development, RAD5IB
(rs8017304) and COLSAI (rs13095226). Unfortunately,
our study revealed only one SNP (rs13095226) which was
associated with 3.5-fold increased odds for exudative AMD
development in the population of Lithuania (p = 0.007).

One of the SNPs near the TRIBI locus called rs17321515
was found affecting lipoprotein metabolism. It was strongly
associated with triglycerides (1G), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein choles-
terol (HDL-C}) and even with increased risk of coronary heart
disease (CHD), but results remain controversial among the
studies [49-51]. Another SNP (rs2954021) located in TRIBI
gene was associated with increasing plasma TG levels and
coronary artery disease (CAD) risk [52, 53] as well as the
ather three variants: rs2001945, rs2001845, and rs2001844
[54]. Furthermore, rs2001844 was associated with increased
plasma TG and reduced HDL-C [54]. Several association
studies reported a significant association between HDL-C
and AMD development as well [55-59]; unfortunately,
others did not reveal any significant associations between
HDL-C and AMD development [60-66]. On the other hand,
while the association of HDL-C and AMD is controversial,
variant in lipid trait-associated gene TRIBI rs6987702
showed a significant association with AMD development,
but those results did not survive strict corrections for multi-
ple testing [46]. In our study, none of the SNPs in TRIBI
reached a statistically significant association with early or
exudative AMD development.
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Tasre 3: RADSIB (rs8017304 and rs2588809), TRIBI (rs4351379), and COLSAT (rs13095226) SNPs in patients with early and exudative

AMD and control groups.

Early AMD,

Control group,

Exudative AMD),  Control group,

Gene/marker Genotype/allele (%) 1 (%) pvalue 1 (%) 1 (%) P value

AA 125 (49.2) 451 (47.9) 117 (48.0) 451 (47.9)

AG 102 (40.2) 401 (42.6) 0.745 110 (45.1) 401 (42.6) 0.423
RADS5IB rs8017304 GG 27 (10.6) 90 (9.6) 17 (7.0) 90 (9.6)

A 352 (69.3) 1303 (69.2) 0.955 544 (70.5) 1303 (69.2)

G 156 (30.7) 581 (30.8) 144 (29.5) 581 (30.8) 0.570

oc 196 (77.2) 740 (78.6) 188 (77.0) 740 (78.6)

CcT 50 (19.7) 185 (19.6) 0.410 53(21.7) 185 (19.6) 0.652
RADS51B rs2588809 T 8(3.1) 17 (1.8) 3(1.2) 17 (1.8)

C 442 (87.0) 1665 (88.4) 0.398 429 (87.9) 1665 (88.4)

T 66 (13.0) 219 (11.6) 59(12.1) 219 (11.6) 0.775

GG 214 (84.3) 826 (87.7) 217 (88.9) 826 (87.7)

GC 39 (154) 109 (11.6) 0.229 26 (10.7) 109 (11.6) 0.780
TRIBI rs4351379 cC 1(0.4) 7(0.7) 1(0.4) 7(0.7)

467 (91.9) 1761 (93.5) 0.222 460 (94.3) 1761 (93.5)

C 41 (8.1) 123 (6.5) 28 (5.7) 123 (6.5) 0.524

T 166 (65.4) 611 (64.9) 147 {60.2) 611 (64.9)

TC 74(29.1) 304 (32.3) 0.095 82 (33.6) 304 (32.3) L.036
COLEAD rs13095226 cC 14 (5.5) 27 (2.9) 15 (6.1) 27 (29)

T 406 (79.9) 1526 (R1.0) 0.585 376 (77.0) 1526 (81.0)

C 102 (20.1) 358 (1%.0) 112 (23.0) 358 (19.0) 0.051

AMLD»: age-related macular degeneration. p value < 0.05 indicated in bold is statistically significant.

Tasre 4: Binomial logistic regression analysis of the COLSAI
(rs13095226) in patients with exudative AMD and controls,

Exudative AMD AlC
SNP Model/genotype OR; 95% CI; p* value
Codontinant
TCvs. TT 0.906; .589-1.394; 0.653
BI09526  cCvs T 3426 1.355-8.667; 0.009 1051
Recessive

rs13095226 CCvs. TT+TC  3.540; 1.415-8.856; 0.007 638713

* p was adjusted for age in logistic regression models. OR: odds ratio; 95% CI:
95% confidence interval; AIC: akaike information eriterion.

Studies of variants in RADSIB revealed statistically
significant associations of SNPs in RADS5IB with breast can-
cer occurrence [67-70]. Also, RADSIB rs911263 was associ-
ated with rheumatoid arthritis (RA) [71, 72]; two SNPs
(rs11158728 and rs927220) were associated with nasopha-
ryngeal carcinoma development [73], and one (rs34094401)
was associated with Parkinson’s disease [74]. Also, litera-
ture review explains that risk alleles at RAD5IB rs8017304,
rs13081855 near COLBAI/FILIPIL locus, and rs3812111
in COL10AI are associated with a greater risk for advanced
AMD development [25]. Other three GWAS proved RAD51B
gene association with AMD as well [26, 37, 38]. Seddon et al.
conducted a 12-year follow-up study of 2765 individuals
and revealed that RADS51B (HR: 0.8; 95% CI: 0.60-0.97, p=
0.03) was significantly related to AMD progression [26].
In another study, Seddon and coauthors [38] analyzed the

progression of AMD and found 834 from 2951 subjects,
who progressed from no AMD, early AMD, or intermediate
AMD to an advanced AMD form, and also confirmed that
RADSIB was associated with AMD progression. Fritsche
et al. [25] also proved a strong RADSIEB association (p <
5% 10°*) with advanced AMD in Europeans and Asians.
Chu et al. analyzed RAD5IR influence on AMD using two
cohorts from Caucasian and Han Chinese populations, as well.
Scientists identified two new SNPs in RADSIB (rs17105278
and rs4902566) and confirmed the association between
rs8017304 and AMD development in Caucasians [37], sug-
gesting a significant role of RADSIB associated with DNA
damage/DNA repair mechanism in AMD pathogenesis.
Recent studies indicated that variants in COLSAI gene
were associated with AMD development [24-26, 38]. One
of the GWAS studies was performed on 979 patients with
advanced AMD and 1709 control subjects and revealed a sig-
nificant association between rs13095226 and AMD
(p = 2.5¢ — 06) in the European population [23]. Also, in this
study, authors found that the frequencies of minor allele C at
1513095226 in patients with polypoidal choroidal vasculopa-
thy (PCV), neovascular AMD (nAMD), and controls were
similar to the frequencies in Americans, while differences
were found between Americans and Asians [23]. Meta-
analysis of advanced AMD confirmed previously found asso-
ciations to advanced AMD [24], while in contrast, Yang
et al.’s study including 300 cases with nAMD, 300 cases with
PCV, and 300 control subjects did not show the association
of COL8AT rs13095226 with nAMD or PCV, suggesting that
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this variant may not be a risk factor for nAMD or PCV in
Chinese subjects [75]. Also, another variant of the same gene,
polymorphism of COLSAT rs13081855, was linked to exuda-
tive AMD development [27]. As in non-AMD patients, one
of the common variants in COLSAI gene (rs669676)
was found to be associated with myopic choroidal neo-
vascularization (OR: 1.88; 95% CI: 1.18-2.98, p=0.0076)
but did not survive multiple testing [74]. Our study of the
Lithuanian population discovered a strong association
between a variant in COLSAT (rs13095226) and exudative
AMD development; genotype rs13095226 CC was deter-
mined to be associated with 3.5-fold increased odds of exuda-
tive AMD development.

We also found a study, which showed the contribution
of the extracellular collagen matrix (FRK/COL10AT) path-
ways to the development of advanced AMD. A coding vari-
ant rs3812111 in COLIOAL a collagen protein, could be
involved in maintaining the structure and function of the
extracellular matrix [24]. Ferrington et al. analyzed that the
COLIOAL rs3812111 A/T (nonrisk allele/risk allele) ratio
was 0.69/0.65 in controls/age-related macular degeneration
[76]. To our knowledge, there are no studies analyzing
COL10AL (rs1064583) polymorphism in patients with AMD.

The following limitations of this study have to be
declared:

(i) Patients with atrophic AMD have not been analyzed

(ii) Sample size of AMD and healthy controls was rela-
tively small

(iii) Possibility of other risk factors was not included in
the study

A thorough medical examination of the study objects
can be acknowledged as one of the main strengths of our
study. All patients were examined for chronic infectious
and noninfectious diseases by a general practitioner. It is
also important to highlight that RADS1B (rs8017304 and
rs2588809), TRIBI (rs6987702, rs4351379, and rs4351376),
COL8AL (rs13095226), and COL10AL (rs1064583) gene
variants have never been studied in the Baltic states, namely,
in the Lithuanian population, and our study was the first of

its type.

5. Conclusion

Our study revealed a strong association between variant in
COLBAT (rs13095226) and exudative AMD development.
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Cansidering the immunological impairment in age-related macular degeneration (AMD]), we aimed to determine the associations
of [L-9 rs1B59430, rs2069870, rs11741137, rs2069885, and rs2069884 and IL-10 rs1800871, rs1800872, and rs1800896
polymorphisms and their haplotypes, as well as the serum levels of IL-9 and IL-10 with AMD. 1209 participants were enrolled
in our study. SNPs were genotyped using TagMan SNP genotyping assays by real-time PCR method. IL-9 and IL-10 serum
levels were evaluated using ELISA kits. Our study results have shown that haplotypes A-G-C-G-G and G-A-T-A-T of IL-9 SNPs
are associated with the decreased odds of early AMD occurrence (p= 0.035 and p = 0.015, respectively). A set of rare haplotypes
was associated with the decreased odds of exudative AMD occurrence (p=0.033). Also, IL-10 serum levels were lower in
exudative AMD than in controls (p = (.049), patients with early AMD (p = 0.017), and atrophic AMD (p = 0.008). Furthermore,
exudative AMD patients with IL-10 rs1800896 CT and TT genotypes had lower I1L-10 serum concentrations than those with
wild-type (CC) genotype (p=0.048). In conclusion, our study suggests that IL-10 serum levels can be associated with a minor
allele at [L-10 rs1800896 and exudative AMD. The haplotypes of 1L-9 SNPs were also associated with the decreased odds of

early and exudative AMD,

1. Introduction

Inflammation is a typical process involved in the pathogenesis
of many diseases. While the inflammation is characterized as a
signal transfer cascade which helps to identify and eliminate
foreign materials and induce tissue recovery [1], the long-
term inflammation and excessive proinflammatory molecule
excretion can cause chronic conditions, such as cancer [2],
type 2 diabetes mellitus [3], and neurodegenerative disorders
[4], including age-related macular degeneration (AMD) [5].
AMD is a worldwide leading cause of progressive and irrevers-
ible blindness affecting 1 out of 4 people older than 75 years in
developed countries [6]. Still, early signs of the disease can
appear when people are in their 50s [7]. The particular patho-
physiology of AMD is not clear, so this ocular impairment is
described as a multifactorial disease because of its associations

with environmental [8, 9] and genetic factors [10], metabolite
profile [11], and even microbiome [12] changes. Increasing
age, fernale gender, and ethnicity with the highest prevalence
in Europeans at 12.3-30% have also been pinpointed as rele-
vant risk factors [13, 14].

According to the Age-Related Eye Disease Study
(AREDS), AMD is divided into early, intermediate, and late
stages [15]. Early AMD is usually asymptomatic with defined
lipid, protein, and collagen detachments between retinal pig
ment epithelium (RPE) and Bruch’s membrane (BrM) in the
retina [16] called drusen and retinal pigment abnormalities,
The intermediate stage is described as a presence of at least
one large drusen, numerous medium-sized drusen, or geo-
graphic atrophy (GA) without extension to the center of the
macula. The late AMD is divided into dry or atrophic
AMD with the GA of the RPE, and neovascular or exudative
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AMD is diagnosed when choroidal neovascularization with
detachments in the RPE, hemorrhages, and/or scars appears
and causes central vision impairments [17].

Drusogenesis or accumulation of lipids and other metab-
olites remains a significant AMD process, resulting in
chrenic inflammation that directly affects RPE, choroidal
capillaries, and BrM [18]. The oxidative stress caused by
reactive oxygen species (ROS), nitric oxide (NO), oxidized
lipoproteins, advanced glycosylation end products (AGER),
and apoptotic cells is the leading cause of ocular inflamma-
tion [19-21]. These accumulated substances also promote
the RPE to release large amounts of different inflammatory
factors. These factors’ long-term exposure leads to the degen-
eration and atrophy of photoreceptors and RPE cells in the
retina [22]. During the inflammation, complement system
components are activated whose persistent accumulation
impairs RPE and promotes inflammatory cells’ (leukocytes,
microglial cells, and macrophages) activation [18]; when
macrophage recruitment is impaired at the site of inflamma-
tion, accumulating metabolites stimulate the release of
proangiogenic mediators, such as vascular endothelial
growth factor (VEGF), which induce progressive angiogene-
sis [19, 23-25]. New, however weak, permeable, and leaking
blood vessels in the choroid cause local edema leading to
acute vision loss with hemorrhages and fibrotic scars [26].
These pathological processes are responsible for the degrada-
tion of BrM and the extracellular matrix and lead to exuda-
tive AMD development [24]. Lin et al. found inflammation
factors (IL-10, IL-1ra, IL-9, and IL-13) that may be associated
with AMIYs pathogenesis and revealed their function and
regulation via specific NF-jB and JAK-STAT pathways,
encouraging for the new exudative AMD treatment [23].

Genetic variations in cytokine coding genes can also
cause cylokine expression changes that affect the balance
between pro- and anti-inflammatory cytokines and disturb
the appropriate immune response, leading to disease devel-
opment. IL-10 level changes were linked to the genetic alter-
ations mostly known as three [L-10 -1082 (rs1800896), -819
(rs1800871), and -592 (rs1800872) promoter site single-
nucleotide polymorphisms (SNPs) [27]. Otherwise, only
one study reported SN in the IL-9 gene associated with
the 11-9 expression. It showed that individuals carrying the
A allele of the -351 polymorphism in [L-9 promoter were
linked to the increased synthesis of IL-92 [28].

Considering the immunological impairment in AMD
development, we aimed to determine the possible associa-
tions of IL-9 rs1859430, rs2069870, rs11741137, rs2069885,
and rs2069884 and IL-10 rs1800871, rs1800872, and
rs1800896 polymorphisms and their haplotypes, as well as
the serum levels of IL-9 and IL-10 with the early, exudative,
and atrophic AMD. We also aimed to evaluate the associa-
tions between these polymorphisms and 11-9 and IL-10
concentrations.

2. Materials and Methods

2.1, Study Subjects. The study was approved by the Ethics
Committee for Biomedical Research, Lithuanian University
of Health Sciences (No. BE-2-/48).

Mediators of Inflammation

The study groups were made of subjects who were admit-
ted to the Hospital of Lithuanian University of Health Sci-
ences  Ophthalmology  Department  for  preventive
ophthalmological evaluation. In our study, 1209 participants
were enrolled: 343 subjects in early AMD, 422 in exudative
AMD, and 61 in the atrophic AMD groups. Also, 383 persons
were involved as healthy controls (Table 1). Using the global
AMD prevalence (8.7%) [13] and the minor allele frequen-
cies from https://www.ncbi.nlm.nih.gov/snp/, we calculated
that our collected sample sizes for the early and exudative
AMD and control groups were sufficient to reach 80% or
higher power for the selected SNP analysis. Unfortunately,
the atrophic AMD group is too small to reach at least 80%
power, and according to the power calculator (http://csg
.sph.umich.edu/abecasis/cats/gas_power_calculator/),  the
sample size should be about 100 cases, but the atrophic
AMD is a rarer condition than the early and exudative
AMD in Lithuanian population to collect enough samples.

Study subjects underwent ophthalmological evaluation
and general examination [29]. Participants were enrolled in
our study, according to the previously published criteria [29].

2.2, Ophthalmological Evaluation, All the study subjects were
evaluated by slit-lamp biomicroscopy to assess corneal and
lenticular transparency. Classification and grading of lens
opacities were performed according to the Lens Opacities
Classification System IIL On each examination, intraocular
pressure was measured. Pupils were dilated with tropicamide
1%. Fundoscopy, using a direct monocular ophthalmoscope,
and slit-lamp biomicroscopy with a double aspheric lens +78
diopters were performed. Results of eye examinations were
recorded on most standardized forms. For a detailed analysis
of the macula, stereoscopic color fundus photographs of the
macula, centered at 457 and 30° to the fovea, were obtained
with a Visucam NM Digital camera (Carl Zeiss Meditec
AG, Germany).

All the AMD patients underwent optical coherence
tomography (OCT), and fluorescence angiography was per-
formed in patients suspected of having late AMD after the
OCT examination.

The classification system of AMD formulated by the Age-
Related Eye Disease Study was used: early mild AMD con-
sisted of a combination of multiple small drusen and several
intermediate (63-124 jm in diameter) drusen, or retinal pig-
ment epithelial abnormalities and the presence of extensive
intermediate drusen characterized early intermediate AMD
and at least one large (2125 ym in diameter) drusen, or geo-
graphic atrophy not involving the center of the fovea
Advanced AMD was characterized by geographic atrophy
involving the fovea and/or any of the neovascular AMD fea-
tures [15].

2.3, Control Group Formation. The control group consisted
of subjects who had no ophthalmologic pathology on exam-
ination and agreed to participate in this study. After senile
cataract surgeries, the patients were also included in the con-
trol group, while they have no other ocular comorbidity. The
exclusion criteria were (i} unrelated eye disorders, e.g., high
refractive error, cloudy cornea, lens opacity (nuclear, cortical,
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or posterior subcapsular cataract) except minor opacities,
keratitis, acute or chronic uveitis, glaucoma, or diseases of
the optic nerve; (ii) systemic illnesses, e.g., diabetes mellitus,
malignant tumors, systemic connective tissue disorders,
chronic infectious diseases, or conditions following organ
or tissue transplantation; and (iii} ungraded color fundus
photographs resulting from obscuration of the ocular optic
system or because of fundus photograph quality.

2.4. General Medical Examination. Data on hypertension, dia-
betes mellitus, hyperlipidemia, coronary artery disease, and
stroke were obtained during an examination by a family doctor
and gathered from medical records for all study subjects.

2.5, Polymorphism Selection. As the IL-9 and [L-10 have been
shown having interactions (https://version-11-Ob.string-db
.org/egifnetwork?networkld=bMDXv9BDi65x), five SNPs
(rs1859430, rs2069870, rs11741137, rs2069885, and
rs2069884) in the IL-9 gene and three SNPs (rs1800871,
51800872, and rs1800896) in the IL-10 gene whose minor
allele frequencies in the Europe population are more than
0.1 were selected from the dbSNP database https://www.ncbi
anlmonih.gov/snp/. The rs2069885 is a missense variant
(resulting in a threonine to methionine amino acid substitu-
tion), the rs1859430 and rs2069884 intronic variants are
located in the coding region of IL-9, and rs11741137 is a
downstream, and rs2069870 is an upstream gene variant with
no known function. Moreover, 151859430, rs11741137,
52069884, and rs2069885 have already been published and
identified as potential biomarkers for the other diseases [30-
35]; also, rs2069870 along with the SNP in [1.-26 demonstrated
influenced susceptibility to develop allergic rhinitis [36].

The rs1800871, rs1800872, and rs1800896 SNPs are
located in the upstream [L-10 promoter region and associ-
ated with transcription of IL-10 mRNA and IL-10 protein
expression in vitro [37].

All these SNPs were selected for the association study in
the AMD group for the first time, suggesting their role in
IL-9 and IL-10 signaling pathway and AMD development.

2.6. The DNA Extraction and Genotyping. After collecting the
venous blood samples, the DNA salting-out method was used
for preparing genomic DNA from the white blood cells. Eight
SNPs were genotyped on the Step One Plus real-time PCR
system (Applied Biosystems, Foster City, USA). The TagMan
SNP genotyping assays for all eight chosen SNPs were per-
formed according to the manufacturer’s protocol.

For quality control, 5% of randomly chosen samples for
each of the § SNPs were selected for repetitive analysis.

2.7. Quantification of IL-10 and IL-9 Serum Levels. IL-9 and
IL-10 serum levels were measured in 19 control subjects, 20
patients with early AMD, 20 atrophic AMD, and 26 exuda-
tive AMD. These two assays were performed using the Invi-
trogen ELISA Kit (Cat. No. BMS2081) for human IL-9,
standard curve sensibility range: 3.1-200 pg/mL, sensitivity
0.5 pg/mL; Invitrogen ELISA Kit (Cal. No. KHCO0101) for
human IL-10, standard curve sensibility range: 0-500 pg/mL,
sensitivity <1 pg/mL, following the manufacturer’s instruc-
tions, and they were analyzed on the Multiskan FC Micro-

plate Photometer (Thermao Scientific, Waltham, MA) at
450 nm. The samples were excluded if the levels of serum
cytokines were below the detection range.

2.8, Statistical Analysis. Statistical analysis was performed
using the SPS5/W 20.0 software (Statistical Package for the
Social Sciences for Windows, Inc., Chicago, Illinois, USA).
Age and interleukin serum level data distributions were eval-
uated for normality by the Kolmogorov-Smirnov test. Con-
tinuous variables presented median with interquartile range
(IQR) based on data distribution. For nonnormally distrib-
uted data, Mann-Whitney U test was used to compare two
groups, and the Kruskal-Wallis test for the three groups (sta-
tistically significant differences observed when p < 0.05).

Categorical data (gender, genotype, and allele distribu-
tions) are presented as absolute numbers with percentages
in brackets and compared between the early, exudative, and
atrophic AMD and control groups using the y* test.

The impact of gene polymorphisms on early, exudative,
and atrophic AMD was evaluated using binomial logistic
regression analysis and presented as odds ratios (ORs) with
95% confidence interval (CI) after gender adjustment in early
AMD and age in the exudative and atrophic AMD groups.
Logistic regression analysis results were expressed as genetic
models (codominant: heterozygotes versus wild-type homo-
zygotes and minor allele homozygotes versus wild-type
homozygotes; dominant: minor allele homozygotes and het-
erozygotes versus wild-type homozygotes; recessive: minor
allele homozygotes versus wild-type homozygotes and het-
erozygotes; overdominant: heterozygotes versus wild-type
homozygotes and minor allele homozygotes; the additive
model was used to evaluate the impact of each minor allele
on AMD). The best genetic model selection was based on
the Akaike information criterion (AIC); therefore, the best
genetic models were those with the lowest AIC values, We
introduced an adjusted significance threshold for multiple
comparisons & = 0.00625 (0.05/8, since we analyzed eight dif-
ferent SNPs) due to multiple association calculations [38].

Haplotype analysis was performed between the early
AMD and control groups, exudative AMD and control
groups, and atrophic AMD and control groups using online
SNPStats software (https://www.snpstats.net/snpstats/) [39].
Two haplotype blocks were constructed based on different
chromosomes where the SNPs were located. Linkage disequi-
librium (LDY) analysis was assessed by D' and * measures.
The associations between the haplotypes with frequencies
of at least 1% and different AMD forms were calculated by
logistic regression and presented as ORs and 95% CI and p
values adjusted for gender in early AMD and age in exudative
and atrophic AMD analysis. Statistically significant differ-
ences observed when p < 0.05.

3. Results

3.1, Hardy-Weinberg Equilibrium. We evaluated the distribu-
tions of rs1859430, rs2069870, rsl1741137, rs2069885,
rs2069884, rs1800871, rs1800872, and rs1800896 genotypes
in the control group using the Hardy-Weinberg equilibrium
(HWE). Seven SNPs were in HWE (p>0.05), but
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Tapre 1: Demographic data of the studied groups.
Early AMD group Exudative AMD group Atrophic AMD group Control group al
(n=343) {n=422) (n=61) (n=383) pvalue
Males, n (%) 105 (30.6) 149 (35.3) 22 (36.1) 149 (38.9) 0.019°
0.291**
Females, n (%) 238 (69.4) 273 (64.7) 39 (63.9) 234 (61.1) i
X 0.266"
3?;&;““"3" 73(13) 77 (10) 80 (9) 72(11) <0.001°
<0.001**=

*Early AMD vs. control group. ** Exudative AMD vs. control group. *** Atrophic AMD vs. control group. IQR: interquartile range; pr significance level,

statistically significant differences observed when p < 0.05.

rs2069870 did not fulfill the HWE requirements because
there were observed only two genotypes (Supplementary
Materials, Table S1).

3.2, IL-9 (rs1859430, rs2069870, rs11741137, rs2069885, and
rs2069884) and IL-10  (rs1800871, rsIB00872, and
rs1800896) Analysis in Early, Exudative, and Atrophic
AMD. We analyzed 8 SNPS (rs1859430, rs2069870,
rsl1741137, rs2069885, rs2069884, rsI800871, rs1800872,
and rs1800896) and their genotype and allele distributions
between the early, exudative, and atrophic AMD and control
groups. Qur statistical analysis revealed that genotype distri-
butions of IL-9 rs1859430 (GG, GA, and AA) differ between
the early AMD and control groups (65.6%, 27.7%, and 6.7%
vs. 60.8%, 35.5%, and 3.7%, p=0.024). Any differences
between study groups and [L-9 (rs2069870, rs11741137,
rs2069885, and rs2069884) and IL-10  (rs1800871,
rs1800872, and rs1800896) were found (Table 2).

We performed the binary logistic regression analysis to
evaluate these SNPs’ impacts on early, exudative, and atro-
phic AMD. The analysis showed that IL-9 rs1859430 GA
genotype was associated with 30% decreased odds of early
AMD (OR =0.700; CI: 0.507-0.966; p=0.030) under the
codominant model, and about 33% decreased under the
overdominant model after adjustment for gender
(OR =0.673; CI: 0.490-0925; p=0.015). IL-9 rs11741137
CT genotype was associated with 28% decreased odds of early
AMD under the overdominant model after adjustment for
gender (OR =0.720; CI: 0.522-0.994; p=0.046). Also, we
found that IL-10 rs1800896 CC genotype was associated with
2-fold increased odds of atrophic AMD (OR =2.013; CL:
1.078-3.759; p=0.028) under the recessive model after
adjustment for age (Table 3). Since we analyzed 8 SNPs in
our study, we applied the Bonferroni correction (significance
threshold, p = 0.05/8), and the results did not survive this
strict correction. No statistically significant associations were
found in the exudative AMD group {data not shown).

While it has been suggested that AMD pathogenesis can
be differentiated by gender [14], we performed the SNP anal-
ysis in males and females separately and found that I1-9
1511741137 (CC, CT, and TT), IL-9 rs2069885 (GG, GA,
and AA), and IL-9 rs2069884 (GG, GT, and TT) genotypes
were distributed statistically significantly between males with
early AMD and control males: 73.3%, 20%, and 6.7 vs. 66.4%,
31.5%, and 2%, p=0.032; 73.3%, 20%, and 6.7 vs. 67.1%,

30.9%, and 2%, p=0.039; 73.3%, 20%, and 6.7 vs. 67.1%,
30.9%, and 2%, p = 0.039, respectively (Table 4). No statisti
cally significant associations were found in the exudative or
atrophic AMD groups and female group analysis (data not
shown).

Binomial logistic regression analysis revealed that IL-9
rs1859430 GA genotype was associated with 46 and 48%
decreased odds of early AMD in males under the codominant
and overdominant genetic models (OR = 0.547; CI: 0.302-
0.991; p=0.047 and OR =0.526; CI: 0.292-0.948; p = 0.033,
respectively). TL-9 rs11741137 CT genotype was associated
with 46% decreased odds of early AMD in males
(OR =0.543; CI: 0.301-0.979; p = 0.042) under the codomi-
nant model (Table 5).

None of the results survived strict Bonferroni correction
(significance threshold, p = 0.05/8).

3.3, Haplotype Association with the Predisposition to AMD
Occurrence. Strong linkage disequilibrium between studied
polymorphisms was observed (Table &),

While the haplotype analyses identified many of their
sets, any differences in the haplotype frequencies between
the atrophic AMD and control groups were observed
(Table 7). The results of the frequencies of haplotypes among
patients with early AMD and controls have shown that hap-
lotypes A-G-C-G-G and G-A-T-A-T of [L-9 SNPs
(rs1859430, rs2069870, rsl11741137, rs2069885, and
rs2069884) are associated with the decreased odds of early
AMD occurrence (OR = 0.49; 95% CI: 0.025-0.95; p=0.035
and OR =0.08; 95% CI: 0.01-0.61; p=0.015, respectively).
The set of rare haplotypes was associated with the decreased
odds of exudative AMD occurrence (OR =0.37; 95% CI:
0.015-092; p=0.033) (Table 7).

3.4 IL-9 and IL-10 Serum Levels in the AMD and Control
Groups. IL-9 and IL-10 serum levels were measured in
patients with early AMD (n = 20), exudative AMD (n = 26),
atrophic AMD (n=20), and controls (n = 19). Subgroups
for interleukin serum level measurements consisted of study
subjects considering the age and gender distributions in sub-
groups. 1L-9 levels did not reach the detection range, and it
was not analyzed. IL-10 serum levels differed between study
groups (p=0.02) (Figure 1). When comparing the IL-10
serum levels between every two groups, we found that IL-
10 serum levels were lower in exudative AMD than in
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Tasre 2: Distributions of IL-9 and IL-10 SNP genotypes and alleles in the early, exudative, and atrophic AMD and control groups,

Group
: 5 . 5 = s Control P P P
SNP Genotypesfalleles Early AMD Exudative AMD Atrophic AMD = o i i
(=33, n (%) (=420 (%) (=6l a(k) ‘(';'f’]”’ il i e
GG 225 (65.6) 262 (62.1) 33 (54.1) 233 (60.8)
o GA 95 (27.7) 143 (33.9) 24 (39.3) 136 (35.5) 0024 0871 0426
e d50430 AA 23 (6.7) 17 (4.0) 1(6.6) 14 (3.7)
G 545 (79.4) 667 (79.0) 90 (73.8) 602 (78.6) g b doil
A 141 (20.6) 177 (21.0) 32 (26.2) 146 (21.4) ’ . .
AA 222 (64.7) 262 (62.1) 33 (54.1) 235 (61.4)
5o AG 121 (35.3) 160 (37.9) 28 (45.9) 148 (38.6) 0349 0832 0282
; i gL 770 ST 110 0853 0350
G 121 (17.6) 160 (19.0) 28 (23.0) 148 (19.3)
cC 238 (69.4) 290 (68.7) 41 (67.2) 247 (64.5)
- CT 91 {26.5) 120 (28.6) 18 (29.5) 126 (329) 0117 03289  0.846
R 'l;r 15(4_1) _12 (2.8) 2(33) 10 (2.6)
657 (82.7) 700 (82.9) 100 (82.0) 620 (80.9) T
T 119 (17.3) 144 (17.1) 22 (18.0) 146 (19.1)
GG 240 (70.0) 293 (69.4) 11 (67.2) 250 (65.3)
5 GA 90 (26.2) 119 (28.2) 18 (29.5) 123 (32.1) 0172 0453 0.892
152069885 AA 13 (3.8) _1? (2.4) 2(3.3) 10 (2.6)
G 570 (83.1) 705 (83.5) 100 (82.0) 623 (81.3) 0382 038  'ELRET
A 116 (16.9) 139 (16.5) 22 (18.0) 143 (18.7)
GG 239 (69.7) 292 (69.2) 41 (67.2) 250 (65.3) 0199 0495  0.892
- GT 91 (26.5) 120 (28.4) 18 (29.5) 123 (32.1)
12069884 T{;I" 13 {3;8} _IU (2.4) 2(33) 10 (2.6)
569 (82.9) 704 (83.4) 100 (82.0) 623 (81.3) BT bER e
T 117 (17.1) 140 (16.6) 22 (18.0) 143 (187)
GG 208 (60.6) 252 (59.7) 38 (62.3) 232 (60.6)
1o GA 123 (35.9) 152 (36.0) 20 (328) 133 (347) 0705 0903 0957
151800871 AA 12 (3.5) 18 (4.3) 3(4.9) 18 (4.7)
G 539 (78.6) 656 (77.7) 96 (78.7) 597 (77.9)
0770 0918 0852
A 147 (21.4) 188 (22.3) 26(21.3) 169 (22.1)
GG 208 (60.6) 252 (59.7) 38 (62.3) 232 (60.6)
Giia GT 123 (35.9) 152 (36.0) 20(32.8) 133 (347) 0705 0903 0957
151800872 T(';I" 12 {3.5) 18 [2.331 31(49) 18 (4.7)
539 (78.6) 656 (77.7) 9§ (78.7) 597 (77.9) G TR G
T 147 (21.4) 188 (22.3) 26(21.3) 169 (22.1)
T 103 (30.0) 112 (26.5) 14 (23.0) 103 (26.9)
.3 TC 175 (51.0) 207 (49.1) 27 (44.3) 203 (530) 0642 0319 0084
ol 600656 ce 65 (19.0) 103 (24.4) 20 (32.8) 77 (20.1)
T 381 (55.5) 431 (51.1) 55 (45.1) 409 (53.4)
[o 305 (44.5) 413 (48.9) 67 (54.9) 357 (46.6) 0413 0350 0088

“Early AMD vs. control group. **Exudative AMD vs. control group, *** Atrophic AMD vs. control group, p: significance level and Bonferroni corrected
significance level when p = 0.05/8.
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TasLe 3: The impact of IL-9 rs185943 and rs11741137 on early AMD and I1L-10 rs1800896 on atrophic AMD.

Maodel Genotype/allele OR" (95% CI} p value AlC
Early AMD
IL-9 rs1859430
Caleanat GA vs. GG 0.700 (0.507-0.966) 0.030 1000.541
AM vs. GG 1.713 (0.857-3.424) 0.128
Dominant GA+AA vs. GG 0.794 (0.585-1.077) 0.137 998.541
Recessive AA vs, GA+GG 1.926 (0.972-3.816) 0.060 957.109
Overdominant GA vs. GGHAA 0.673 (0.490-0.925) 0.015 994.759
Additive A 0.938 (0.731-1.203) 0.613 1000.499
1L-9 rs11741137
ChdE CT vs. CC 0.734 (0.530-1.015) 0062 dies
TT vs. CC 1.489 (0.646-3.431) 0.350
Dominant CT+TT vs. CC 0.788 (0.577-1.077) 0.135 998.512
Recessive TT vs. CT+CC 1.635 (0.714-3.745) 0.245 999,381
Overdominant CT vs. CC+TT 0.720 (0.522-0.994) 0.046 996,749
Additive T 0.883 (0.675-1.156) 0.365 999,931
Atrophic AMD
IL-10 11800896
P o TCvs. TT 1.023 (0.503-2.079) 0.951 i
CCvs. TT 2.043 (0.933-4.450) 0.072
Dominant TC+CCvs. TT 1.296 (0.670-2.505) 0.441 323962
Recessive CCws. TC+TT 2.013 (1.078-3.759) 0.028 319973
Overdominant TC vs. TT+CC 0.719 (0.408-1.266) (L2553 323.257
Additive G 1.454 (0.967-2.187) 0.072 321.302

* Adjusted for gender in early AMD and adjusted for age in atrophic AMD group. OR: edds ratio; CI: confidence interval; p: significance level and Bonferroni
corrected significance level when p = 0.05/8; AIC: Akaike information criterion.

con"'?ls [3.UI (2.7) pgfml vs. 8.8 (2.4) pg/ml, p = 0.049) and TasLe 4 Distributions of IL-9 rs11741137, rs2069885, and rs2069854
also in patients with early AMD (8.0 (2.7)pg/ml vs. genotypes and alleles in the early AMD and control male groups.
9.2 (1.7) pg/ml, p=0.017) and atrophic AMD (8.0 pg/ml vs.

9.4 (1.5) pg/ml, p = 0.008). Group

We also performed the IL-10 serum level and SNP asso- SNP Genotypes/alleles Early AMD  Control P
ciation analysis and found that exudative AMD patients with (n=105),n (n=149),n value
IL-10 rs1800896 CT and TT genotypes had lower IL-10 (%) (%)
serum concentrations than those with wild-type (CC) geno- cc 77(733) 99 (66.4)
type: 7.2 (2.3) ve. 9.3 (1.4); p = 0.048 (Table 8). CT 21 (20.0) 47 (31.5)  0.032

rs11741137 T 7 (6.7) 3(2.0)

4. Discussion c 175833 us(822)
Our study is aimed at analyzing the associations between the T 35133 S3(7.8)
immunogenetic markers [1-9 (rs1859430, rs2069870, GG 77(733)  100(67.1)
rs11741137, rs2069885, and rs2069884) and [1-10 GA 21 (20.0) 46 (30.9)  0.039
(rs1800871, rs1800872, and rs1800896) polymorphisms and rs2069885 AA 7(6.7) 3200
1he;irAl;:gl;lypes, serum [L-9 and I1-10 levels and the differ- G 175 (83.3) 246 (82.6) —
en orms. B .

IL-9 belongs to the IL-2Ryc chain family and works as a A cell R
pleiotropic cytokine in inflammatory processes [40]. T lym- GG 77(733) 100 (67.1)
phocytes, or more specific Th2, were described as the pri- GT 21 (2000 46(30.9) 0.039
mary source for the IL-9 production [41]. Nevertheless, rs2069884 TT 7 (6.7) 31(20)
further ]Tluf:h'es idr“ﬁﬁ}id'jﬂ\“{jr cell types, ir\]cl|]1.u:1in%l Th9, G 175 (85.3) 246 (826) oss
mast cells, innate lymphoid cells (ILCs), NK cells, and even T 35 (133) s2017.4)

Foxp3+ Tregs, as well as mucin-producing cells, and eosino-
phils could also produce IL-9 [42-44]. Moreover, Dardalhon P significance level and Bonferroni corrected significance level when p=
et al. have identified unique T cells that produce both 1L-9  *
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TanLe 5: The impact of 1L-9 rs1859430 and rs11741137 on early AMD in males.

Model Genotype/allele OR (95% CI) p value AIC
IL-9 rs1859430
Codominant GA vs. GG 0.547 (0.302-0.991) 0.047 342.864
AA vs. GG 1.667 (0.54-5.010) 0.363
Dominant GA+AA vs. GG 0.671 {0.390-1.155) 0.150 344,355
Recessive AA vs. GA+GG 1.966 (0.661-5.843) 0.224 342,961
Overdominant GA vs, GGHAA 0.526 (0.292-0.948) 0.033 341.702
Additive A 0.863 (0.562-1.327) 1327 346.005
1L-9 rs11741137
B CT vs. CC 0.574 (0.317-1.041) 0.068 SES
TT vs. CC 3.000 (0.751-11.983) 0.120
Dominant CT+TT vs. CC 0.720 (0.415-1.248) 0.242 345,071
Recessive TT vs. CT+CC 3476 (0.873-13.769) 0076 342969
Overdominant CT vs. CC+TT 0.543 (0.301-0.979) 0.042 342,175
Additive T 0.929 (0.590-1.464) 0.751 346.357

* Only two genotypes were determined, OR: odds ratio: Cl: confidence interval: p: significance level and Bonferroni corrected significance level when p = 0.05/8;

ATC: Akaike information criterion.

TapL 6: Linkage disequilibrium between studied polymorphisms.

SNP1L(D';#%) SNP2(D'; 2) SNP3 (D'; 2) SNP4 (D'; ) SNP5(D';2) SNPs(D';¢23) SNP7 (D'; ) SNPS (D5 2)

. . 0.9828; 0.9167; 0.9397; 0.9401;
SNPL(D';r) 0.8339 0.6752 0.6877 0.6922
, 0.8271; 0.8436; 0.8445;
SNP2(D';#*) 0.6366 0.6419 0.6471
0.9942; 0.9942;
SNP3(D'sr?) 0.9579 0.9633
0.9995;
SNP4(D'; 1) 0.9932
SNPS (D3 %)
) i 0.9997; 0.9883;
SNP6 (D'; ) 0.9994 0.2454
9883;
SNP7(D';r%) {02454
SNP& (1Y r2)

' is the deviation between the expected haplotype frequency and the observed frequency [’ scale: 0,1]. r* is squared correlation coefficient of the haplotype
frequencies | scale: 0,1], SNP1: rs1859430; SNP2Z: rs2069870; SMP3: rs11741137; SNP4: rs2069885; SNP5. rs2069884; SNPG: rs1800871; SNPT: rs1800872;

SNPE: 15 1800896,

and IL-10, leading to tissue inflammation [45]. Previously,
IL-9 was described as a growth factor for T cells and mast
cells [46, 47]. It is known that IL-9 can promote the growth
and function of the erythroid progenitor, fetal thymocyte,
myeloid precursor cells, and human megakarvoblastic leuke-
mic cell lines [48]. IL-9 behavior is regulated through the spe-
cific IL-9 receptor (IL9R, which is contained of two subunits:
the alpha chain (IL-9Ra) and the common gamma chain
receptor), IL-9 binds the TL-9Ra subunit and forms the TL-
9R heterocomplex. Because of the lack of specific enzymatic
activity, the JAK/STAT pathway needs to be activated, and
JAK is the initiator of the following phosphorylation cascades
[49]. Previous inflammation-associated studies were
reviewed and showed the pathogenic role of IL-9 in inflam-

matory disease development [48]. On the other hand, Elya-
man et al. have been suggested the diverse role of IL-9,
including both a regulator of pathogenic and protective
mechanisms of immune responses [50].

IL-9 is encoded by the IL-9 gene located on chromosome
5q31.1 [51]. Several [L-9 variants (rs31563, rs1859430,
rsl1741137, and rs2069885) have already been published
and identified as potential biomarkers for atopic dermatitis,
asthma and its severity, respiratory syncytial virus (RSV)
infection, and pituitary adenoma [30-35].

Namkung et al. reported that rs31563 (-4091G/A) at the
IL-9 gene was associated with increased susceptibility to
atopic dermatitis [34]. Another study revealed that IL-9
151859430 genotype frequencies were lower in asthma
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8 Mediators of Inflammation
TagLe 7: Haplotype association with the predisposition to AMD occurrence.

SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 SNP8 Frequency OR (95% CI) p value
Haplotype associations with early AMD
1 G A C G G - s e 0.7715 1 =
2 A G T A T — — — 0.1468 0.76 (0.54-1.08) 013
3 A G C G G = - - 0.0335 0.49 (0.25-0.95) 0.035
4 A A T A T — s == 0.018 1.74 (0.72-4.22) 0.22
5 G A T A T — = = 0.0108 0.08 (0.01-0.61) 0.015
6 A A C G G — - - 0.0103 2.25 (0.66-7.66) 0.19
7 (rare) * * * . * — == — 0.009 1.29 (0.32-5.21) 0.72
& — — - — = G G C 0.4549 1 —
9 —_ — —_ —_ - G G T 0.3275 1.13 (0.89-1.44) 0.31
10 —_ —_ —_ - -_ A T T 0.2166 100 (0.75-1.32) 0.98
1 (rare) _ _ _ — " " . 0.001 <0.001 (-) !
Haplotype asseciations with exudative AMD
1 G A C G G — - - 0.7713 1 -
2 A G T A T — = - 0.1487 0.96 (0.69-1.35) 0.83
3 A G Cc G G = = 0.0408 0.99 (0.57-1.73) 0.98
4 A A T A b — — 0.0165 1.11 (0.46-2.66) 0.82
5 (rare) * * * * * - - - 0.0227 0.37 (0.15-0.92) 0.033
6 = = = — — G G c 0.4751 1 .
7 — = — G G T 0.3026 0.87 (0.68-1.10) 0.24
& —_ —_ - - _ A 3 i T 0.2205 0.94 (0.72-1.22) 0.63
9 (rare) — - - —_ _ * * * 0.0018 0.34 (0.02-5.66) 0.45
Haplotype associations with atrophic AMD
1 G A C G G e = = 0.7558 1 —
2 A G T A T —_ - —_ 0.1518 1.25 (0.65-2.40) 0.5
3 A G C G G - — 0.0453 2.34 (0.93-5.88) 0.071
4 G A T A T — — — 0.0167 <0.00 (-} 1
5 A A T A T - - 0.0162 1.05 (0.23-4.68) 0.95
6 (rare) - - " - " st = == 0.0142 0.55 (0.07-4.43) 0.57
7 — —_ — -— - G G C 0.4758 1 -
8 — — — — — G G T 0.3046 0.62 (0.38-1.02) 0,06
9 —_ —_ —_ —_ —_ A T T 0.218 0.78 (0.47-1.29) 0.33
10 (rare) —_ - - — - * * * 0.0016 <0.00 (-) 1

Rare: pooled rare haplotypes; OR: odds ratio; Cl: confidence interval; p: significance level when p < 0.05; SNP1: rs1859430; SNP2: rs2069870; SNP3: rs1 1741137,
SNP4: rs2009885; SNP5: rs2069884; SNP6: rs1800871; SNP7: rs1800872; SNPE: rs 1800896,

patients than in controls under the recessive GA+AA
(p=10.021) and heterozygous GA (p=0.031) models. Also,
those patients had significantly lower A-T (rs1859430-
rs2066758) haplotype frequency (p = 0.006) and higher G-T
(rs1859430-rs2066758) haplotype frequency (p < 0.001).
Moreover, they showed that rs1859430 AG genotype was
associated with the higher I1L-9 serum levels compared with
other genotypes in the disease group (p<0.05), and the
52066758 CC genotype was linked to the partial pressure
of carbon dioxide (PaCO,) (p=0.041) [35]. Two authors
underlined the differences between gender groups in asthma
and RSV infection development, considering the sex-
dependent mechanisms. Aschard et al. showed that polysen-
sitization (SPTQ) and forced expiratory volume in one sec-

ond divided by height square (FEV{1)/H(2)) were
associated with two [L-9 variants rs2069885 and rs2069882
(p=0.02 and p=0.002, respectively, after Bonferroni’s cor-
rection). This study underlines the importance of complex
mechanisms, such as heterogeneity, according to sex and
pleiotropy, to reveal the genes involved in asthma pheno-
types [33]. Schuurhof et al. revealed that the major allele at
rs2069885 was associated with increased susceptibility to
severe RSV infection in boys” and girls” opposite associations.
Furthermore, the haplotype T-T rs2069885 and rs1799962
was a risk marker for severe RSV bronchiolitis in girls [32].
One more study found that study subjects with the dominant
genotype for these IL-9 polymorphisms (rs11741137,
rs2069885, and rs1859430) were associated with a severe
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1L-10 (pgiml}

T e =

BaRnzzzasnshanshsnanshsbsinass

Control Early

Exudative  Atrophic
group AMD AMD AMD
n=19 n=20 n=26 n=26

Fraure 1: Interleukin 10 concentrations between the groups. 1L-10
serum levels in the control (8.8 pg/ml), early AMD (9.2 pg/ml),
exudative AMD (BOpg/ml), and atrophic AMD (9.4 pg/ml)
groups. Kruskal-Wallis test (p=0.020). The bars represent the
median with interquartile variation (1™ quartile and 3" quartile),

asthma exacerbation if exposed to increased dust mite levels
(p=10.02 to 0.03). It was even replicated it in another study
(p=0.04) [52]. IL-9 rs1859430 G/A and A/A genotypes were
also found to be associated with increased odds of having
recurrent PA under the codominant (p=0.003 and p=
0.006, respectively), dominant (p=0.011), and recessive
(p = 0.021) genetic models [30].

Controversial results were observed in several studies as
well, and they reported no significant associations between
IL-9 promoter polymorphism A-345G and RSV bronchioli-
tis [52], T113M in IL-9 and atopic bronchial asthma [53],
rs1859430 and rs2069868 and Graves' disease [54], or IL-9
rs2069885 and allergic rhinitis in Iranian women [55].
Schiirks et al. tried to show associations between IL-9
rs2069885 and inflaimmatory pathways among women with
migraine, but results did not survive the corrections for mul-
tiple testing [56]. Also, IL-9 rs31563 C>T and rs31564 G>T
were not associated with gastric cardiac adenocarcinoma
and esophageal cancer in a Chinese population [57, 58].

According to the databases, any I1.-9 SNPs were analyzed
in AMD. Our study shows that IL-9 rs1859430 GA genotype
and TL-9 rs11741137 CT genotypes were associated with
decreased odds of early AMD. Unfortunately, in our study,
we applied Bonferroni’s correction because of the multiple
comparisons, and associations between study groups and
SNPs in IL-9 did not survive this strict correction.

In further analysis, the same tendencies remained only in
the male group. Even if these results did not survive Bonfer-
roni's correction, differences between male and female
groups were observed as in previous studies [14, 32, 33].
Potentially different inflammation processes in men and
women should be studied, considering the hormone role on
molecular mechanisms in inflammation and response to

inflammation, which may lead to opposite disease outcomes
[59].

Also, we performed the haplotype analysis and identified
the haplotypes A-G-C-G-G and G-A-T-A-T of IL-9 SNPs
(rs1859430, rs2069870, rsl1741137, rs2069885, and
rs2069884), which were associated with the decreased odds
of early AMD (p=0.035 and p=10.015, respectively). The
set of rare haplotypes was associated with the decreased odds
of exudative AMD (p = 0.033), which may have a potential
role in the TL-9-dependent inflammation process involved
in AMD development.

In our study, the serum IL-9 levels were not determined
because of the low detection rates. On the other hand, 1L-9
was previously involved in several AMD studies. IL-9 cyto-
kine in the aqueous humor was measured, but differences
between neovascular AMD and the control groups were not
found [60]. IL-9 was also measured in aqueous humor sam-
ples of neovascular AMD before the treatment by intravitreal
drug injection and after, and compared with the control
group, but the statistical analysis did not show any differ-
ences between study groups [61]. In another study, plasma
and agueous humor IL-9 levels between exudative AMD
and the control groups were not reported because of the
low detection rate [62]. Extremely low limits of detection of
IL-9 in the aqueous fluid of patients with neovascular AMD
were reported as well [63].

Contrarily, Lin et al. revealed that cytokine IL-9 was over-
expressed in stimulated RPE cells, with a potential associa-
tion with AMD development [23]. Unfortunately, no other
studies, including IL-9 and AMD, were found. Otherwise,
few diseases/conditions were reported, and elevated IL-9
levels were found in asthmatic patients, patients with allergic
rhinitis and a peanut allergy, and those suffering from some
autoimmune diseases [48].

IL-10 belongs to the IL-10 family, and as an anti-
inflammatory cytokine, the IL-10 takes part in the regulation
of the inflammatory response [64]. Macrophages are the pri-
mary source of I1-10. Still, other immune cells (monocytes,
dendritic cells, B lymphocytes, T helper 1 (Th1) and Th2
lymphocytes, mast cells, NK cells, cytotoxic T cells, and gran-
ulocytes like neutrophils and eosinophils) can secrete this
interleukin [65, 66]. As a pleiotropic cytokine, IL-10 inhibits
the antigen-presenting cells via the inhibition of expression
of major histocompatibility complex (MHC) class 1T maole-
cules. It also suppresses the expression of IL-1, IL-6, IL-8,
IL-12, and tumor necrosis factor-alpha (TNF-z). Further-
more, [L-10 promotes proliferation, activation, and differen-
tiation and helps prevent cell apoptosis in B cells [27, 65].
The immunosuppressive TL-10 activity is mediated by the
heterodimeric 1L-10 receptors (IL-10R1 and IL-10R2). IL-
10R1 primary ligates to IL-10 and dimerizes with IL10R2
leading to the activation of the Janus kinase/signal transducer
and activator of transcription (JAK/STAT) signaling path-
way. Phosphorylated STAT3 molecules that enter the cell's
nucleus induce changes in the expression of immunomodu-
latory genes leading to the inhibition of the secreted proin-
flammatory cytokines and downstream immune response,
and regulate the activity of growth factors, such as VEGF
[67, 68]. The IL-10 level changes were reported as a
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TasLe 8: Serum [L-10 levels in relation to the genotypes.
Early AMD Exudative AMD Atrophic AMD » Control group
Model {pg/ml), median (pg/ml), median (pg/ml}, median (pg/ml), median
(10R) value (IQR) value (IQR) value (IQR) value
1L-10 rs1800871
Dominant GA_“‘.“‘;‘ 92 (15.8) vs. 9.1 0.571 86(39) vs. 7.7 (26) 0.312 93(1.1)vs 95(22) 0230 87 (2.6) vs. 8.8 (3.9) 0442
vs, GG (1.5)
i AA vs, N e - - : - g - - =
Recessive GA+GG (- vs.9.2 (1.4) (-) vs. 7.9 (2.9) (-] vs. 9.4 (1.6) (-) vs. 8.8 {2.9)
1L-10 rs1800872
Dominant l;;l'-;;[‘(’:' a3 “f‘l”;)" 91 0571 86(3.9)ve.7.7 (26) 0312 93 (L1)vs 95(22) 0230 87 (2.6)vs. 8.8 (39) 0442
i TT vs.
Recessive GT+GG (-)vs. 9.2 (1.4) - (-) vs. 7.9 (2.9) — (-) vs. 9.4 (1.6) - () vs. 8.8 (2.9) -
IL-10 rs1800896
Dominant tf*ff 2 “(':3’3;"“ %3 0800 7.2(23)vs.93(14) 0.048 9.4 (22)vs, 93(07) 0800 88 (34)vs.87() 0573
Recessive 'J(Tg-;-‘;f 92 (-)vs. 91 (2.7) 0546 6.7 (2.2) vs. 8.5(2.5) 0054 87 (L5)vs 95(12) 0.153 87 (-)vs 88(2) 0958

“Only two genotypes were determined.

significant pathophysiclogical modulator in many diseases
and reviewed previously [27].

IL-10 and genetic variants of IL-10 were also included in
our study. IL-10 is encoded by the IL-10 gene located on
chromosome 1q32.1, and three most studied point mutations
in IL-10 promoter -592 AJC (rsl800872), -819 C/T
(rs1800871), and -1082G/A (rs1800896) were described as
leading genetic variations for SNP association studies [37].
Qur present study showed that the IL-10 rs1800896 CC geno-
type was associated with 2-fold increased odds of atrophic
AMD (p = 0.028), but these results did not survive strict Bon-
ferroni’s correction as well.

Shevchenko et al. reported similar results. They found a
higher IL10-1082 GG genotype frequency in AMD patients
than in the controls [69], while in another study, the associ-
ations of [L-10 -592 A/C, -819 C/T, and -1082G/A polymor-
phisms and late AMD were not determined [70]. Moreover,
no more such studies were found, but these SNPs were asso-
ciated with other conditions. For example, children with JL-
10-592 CC or -592 AA genotypes had a higher risk of hospi-
talization for RSV bronchiolitis than those with heterozygous
genotype [52]. Also, IL-10 rs1800872 T>G polymorphism
was associated with an increased risk of esophageal cancer
in a Chinese population [58]. It was still not associated with
gastric cardiac adenocarcinoma in the same population
[57], suggesting further investigations for the IL-10 signaling
pathway associations with cancer development.

Previous studies have also shown that the elevated 1L-10
levels in the eye induce the alternative macrophage activa-
tion, which can be associated with choroidal neovasculariza-
tion development [71, 72]. We also analyzed serum IL-10
levels and found that IL- 10 serum levels were lower in exuda-
tive AMD than in controls (p = (1.049), and also in patients
with early AMD (p =0.017) and atrophic AMD (p = 0.008).
Similar results were found by the other researcher group,

which revealed lower concentrations of IL-10 cytokine in
the wet and dry AMD groups than in controls (p <0.05
and p <0.05). Also, they determined that IL-10 levels were
higher in wet AMD than in the dry AMD group (p = 0.009)
[73]. Opposite results were found when Subhi et al. revealed
that patients with neovascular AMD had higher plasma levels
of IL-10 compared to healthy controls (p < 0.0001), and sta-
tistically significant results remained even after multivariate
analysis (after adjusting for demographics, comorbidities,
and lifestyle factors) IL-10 (p < 0.001) [74]. Statistically, sig-
nificantly elevated IL-10 serum levels in AMD palients were
determined by Nassar et al. as well [75]. On the other hand,
the expression of IL-10 did not differ between Tth cells from
AMD patients and non-AMD controls [76]. It is interesting
that IL-10 levels in the aqueous humor did not differ between
the neovascular AMD and control groups [61-63]. Few other
studies have not even determined 1L- 10 in plasma or aqueous
humor samples of AMD patients [61-63]. In contrast, the
others showed that IL-10 levels do not differ between intraoc-
ular fluid and serum samples [77].

Moreover, we found that IL-10 levels in the exudative
AMD group are associated with the minor allele T, and
patients with exudative AMD carrying IL-10 rs1800896 CT
and TT genotypes have lower IL-10 serum concentrations
than those with wild-type (CC) genotype. These findings
confirm the IL-10 promoter polymorphism (rs1800896) role
on IL-10 level changes [37], which can be responsible for the
immune response in exudative AMD development. It is
important to highlight that IL-9 (rs1859430, rs2069870,
rs11741137, rs2069885, and rs2069884) and JL-10
(rsI800871, rs1800872, and rs1800896) gene variants, as well
as serum IL-9 and IL-10 levels, have never been studied in
AMD, in the Lithuanian population, and our study was the
first of its type. While a thorough medical examination of
the study objects can be acknowledged as one of our study’s
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main strengths, we should declare that the relatively small
sample size and the other risk factors that were not involved
in our study fall into this study’s limitations.

5. Conclusions

In conclusion, inflammation is an underlying mechanism in
AMD development. We have found lower IL-10 serum levels
in patients with exudative AMD than healthy controls and
early or atrophic AMD patients. A minor allele at IL-10
rs1800896 was associated with the lower IL-10 serum levels
in the exudative AMD group. The haplotypes of IL-9 SNPs
were also associated with the decreased odds of early and
exudative AMD occurrence. Further studies will be needed
to elucidate this regulatory pathway’s underlying mechanism
and its association with AMD clinical symptoms.

Data Availability

Data will be provided in case a request is made by editors,
reviewers, or scientists.

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

AV.and LK. are responsible for the conceptualization. A.V.
and D.C. are responsible for the data curation. AV, is
responsible for the writing of the original draft preparation.
AV, D.C, RZ, and R.L are responsible for the methodal-
ogy. AV, 1.C, and LK. are responsible for the investigation.
AV, is responsible for the formal analysis. LK. and R.Z. are
responsible for the validation. R.L. is responsible for the
supervision. R.L. is responsible for the writing—reviewing
and editing,

Supplementary Materials

Table SI: genotype distribution in the control group using
Hardy-Weinberg equilibrium. Seven SNPs were in HWE
(p = 0.05), but rs2069870 did not fulfill the HWE require-
ments because there were observed only two genotypes.
(Supplementary Materials)

References

[1] C. ]. Thomas and K. Schroder, “Pattern recognition receptor
function in neutrophils,” Trends in Imnumology, vol. 34,
no, 7, pp. 317-328, 2013.

[2] N.Singh, D. Baby, J. P. Rajguru, P. B. Patil, 8. 8, Thakkannavar,

and V. B. Pujari, “Inflammation and cancer,” Annals af African

Medicine, vol. 18, no. 3, pp. 121-126, 2019.

A. 0. Odegaard, D. R. ]. Jacobs, O. A. Sanchez, D. C. |. Goff,

A, P. Reiner, and M. D. Gross, “Oxidative stress, inflammation,

endothelial dysfunction and incidence of type 2 diabetes,” Car-

diovascular Diabetolagy, vol. 15, no. 1, 2016.

[3

11

[4] T. Chitnis and H. L. Weiner, "CNS inflammation and neura-
degeneration,” The Journal of Clinical Investigation, vol. 127,
no. 10, pp. 3577-3587, 2017.

[5] D. H. Anderson, M. |. Radeke, N. B, Gallo et al,, “The pivotal

role of the complement system in aging and age-related macu-

lar degeneration: hypothesis re-visited,” Progress in Retinal

and Eye Research, vol. 29, no. 2, pp. 95-112, 2010.

W. Smith, J. Assink, R. Klein etal,, “Risk factors for age-related

macular degeneration: pooled findings from three continents,”

Ophthalmology, vol. 108, no. 4, pp. 697-704, 2001.

R. Klein, B. E. Klein, 5. C. Jensen, and 5. M. Meuer, “The five-

year incidence and progression of age-related maculopathy:

the Beaver Dam Eye Study,” Ophthalmology, vol. 104, no. 1,

pp. 7-21, 1997.

[8] F. M. C. Medina, A. A. L. da Motta, W. Y. Takahashi et al.,
“Pharmacogenetic effect of complement factor H gene poly-
morphism in response to the initial intravitreal injection of
bevacizumab for wet age-related macular degeneration,” Oph-
thalmic Research, vol. 54, no. 4, pp. 169-174, 2015,

[9] M. Parekh, “Association between dietary fat intake and age-
related macular degeneration in the Carotenoids in Age
Related Eye Disease Study (CAREDS): an ancillary study of
the Women's Health Initiative,” Archives of Ophthalmology,
vol. 127, no. 11, pp. 1483-1493, 2009.

[10] L. G. Fritsche, W. lgl, |. N. C. Bailey et al,, "A large genome-
wide association study of age-related macular degeneration
highlights contributions of rare and common variants,”
Nature Genetics, vol. 48, no. 2, pp. 134-143, 2016,

[11] M. Zhang, N. Jiang, Y. Chu et al, “Dysregulated metabolic
pathways in age-related macular degeneration,” Scientific
Reports, vol. 10, no. 1, p. 2464, 2020,

[12] J. Rullo, P. M. Far, M. Quinn et al., “Local oral and nasal
microbiome diversity in age-related macular degeneration,”
Scientific Reparts, vol. 10, no. 1, p. 3862, 2020.

[13] W. L. Wong, X. 5u, X. Li et al, “Global prevalence of age-
related macular degeneration and disease burden projection
for 2020 and 2040: a systematic review and meta-analysis,”
The Lancet Global Health, vol. 2, no. 2, pp. el06-e116, 2014

[14] M. Sasaki, S. Harada, Y. Kawasaki et al,, "Gender-specific asso-
ciation of early age-related macular degeneration with sys-
temic and genetic factors in a Japanese population,” Scientific
Reports, vol. 8, no. 1, p. 785, 2018,

[15] Age-Related Eye Disease Study Research Group, “The Age-
Related Eye Disease Study system for classifying age-related
macular deg tion from opic color fundus photo-
graphs: the Age-Related Eye Disease Study Report Number
6," American Journal of Ophthalmology, vol. 132, no. 5,
pp. 668681, 2001,

[1&8] F. L. Ferris, M. D. Davis, T. E. Clemons, L.-Y. Lee, E. Y. Chew,
and A. S. Lindblad, “A simplified severity scale for age-related
macular degeneration: AREDS Report Mo. 18," Archives of
Ophthalmelogy, vol. 123, 2005,

[17] S. Ryan, C. Wilkinson, and A. Schachat, David Hinton CW,
Reting, Elsevier, 5t Louis, 4th edition, 2006,

[18] J. W. Miller, “Age-Related Macular Degeneration Revisited -
Piecing the Puzele: The LXIX Edward Jackson Memorial Lec-
ture,” American Journal of Ophthalmology, vol. 155, no. 1,
pp. 1-35.13, 2013

[19] 1. Bhutto and G. Lutty, “Understanding age-related macular
deg tion (AMD); relationships between the photorecep-
tor/retinal pigment epithelium/Bruch's

[6

7

135



12

(20)

[21]

[22)

(23]

[24]

[29]

[30]

[31]

[32]

[33]

[34]

membrane/choriocapillaris complex,” Molecular Aspects of
Medicine, vol. 33, no. 4, pp. 295-317, 2012.

F. Parmeggiani, M. R. Romano, C. Costagliola et al., “Mecha
nism of inflammation in age-related macular degeneration,”
Mediators of Inflammation, vol. 2012, Article 1) 546786, 16
pages, 2012,

H. Xu, M. Chen, and ]. V. Forrester, “Para-inflammation in the
aging retina,” Progress in Retinal and Eye Research, vol. 28,
no. 5, pp. 348-368, 2009,

J. T. Handa, N. Verzijl, H. Matsunaga et al., “Increase in the
advanced glycation end product pentosidine in Bruch’s mem-
brane with age,” Investigative Ophthalmology & Visual Science,
vol. 40, no. 3, pp. 775-779, 1999,

T. Lin, G. B. Walker, K. Kurji et al, “Parainflammation associ-
ated with advanced glycation endproduct stimulation of RPE
in vitro: implications for age-related degenerative diseases of
the eye,” Cytokine, vol. 62, no, 3, pp. 369-381, 2013,

L A, Bhutto, D. 5. McLeod, T. Hasegawa et al, “Pigment
epithelium-derived factor (PEDF) and vascular endothelial
growth factor (VEGF) in aged human choroid and eyes with
age-related macular  degeneration,” Expen'mmm! Eye
Research, vol. 82, no. 1, pp. 99-110, 2006,

A, Das and P. G, McGuire, “Retinal and choroidal angiogene-
sis: pathophysiology and strategies for inhibition,” Progress in
Retinal and Eye Research, vol. 22, no. 6, pp. 721-748, 2003.
H. R. Coleman, C.-C. Chan, F. L. Ferris 3rd, and E. Y. Chew,
“Age-related  macular  degeneration,”  Lancet  (London,
England), vol. 372, pp. 1835-1845, 2008,

5. 8. Iyer and G. Cheng, “Role of interleukin 10 transcriptional
regulation in inflammation and autoimmune disease,” Critical
Reviews in Immunology, vol. 32, no. 1, pp. 23-63, 2012,

S. B. Larly, P. Huyett, K. Brown-Steinke, L. Borish, and J. W.
Steinke, “Functional analysis of —351 interleukin-9 promoter
polymorphism reveals an activator controlled by NF-xB,”
Genes and Immunity, vol. 10, no. 4, pp. 341-349, 2009.

R.  Liutkeviciene, A. Vilkeviciute, G. Streleckiene,
L. Kriauciuniene, R. Chaleckis, and V. P. Deltuva, "Associa-
tions of cholesteryl ester transfer protein (CETF) gene variants
with predisposition to age-related macular degeneration,”
Gene, vol. 636, pp. 30-35, 2017,

T. Mickevicius, A. Vilkeviciute, B. Glebauskiene,
L. Kriauciuniene, and R. Liutkeviciene, “Do TRIBI and IL-9
gene polymorphisms impact the development and manifesta-
tion of pituitary adenoma?” In Vive, vol. 34, pp. 2499-2505,
2020,

J. E. Sordillo, R. Kelly, 5. Bunyavanich et al,, "Genome-wide
expression profiles identify potential targets for gene-
environment interactions in asthma severity,” The Journal of
Allergy and Clinical Innnunology, vol. 136, 2015,

A, Schuurhof, L. Bont, C. L. E. Siezen et al,, “Interleukin-9
polymorphism in infants with respiratory syncytial virus infec-
tion: an opposite effect in boys and girls,” Pediatric Pulmonol-
ogy, vol. 45, no. 6, pp. 608-613, 2010.

H. Aschard, on behalf of the EGEA cooperative group,
E. Douzigon et al., “Sex-specific effect of IL9 polymorphisms
on lung function and polysensitization,” Genes and Immunity,
vol. 10, no. 6, pp. 559-565, 2009,

J-H. Namkung, J.-E. Lee, E. Kim et al, "An association
between IL-9 and IL-9 receptor gene polymorphisms and
atopic dermatitis in a Korean population,” Journal of Dermato-
logical Science, vol. 62, pp. 16-21, 2011,

(33)

[36]

[37)

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

136

Mediators of Inflammation

L.-X. Chen, C.-M. Xu, F. Gao, M.-F. Zhu, M.-]. Xu, and ].-
R. Zhang, “Associations of IL-18 and IL-9 expressions and
gene polymorphisms with asthma,” European Review for Med-
ical and Pharmacological Sciences, vol. 24, pp. 6931-6938,
2020.

Y. Zhang, J. Li, C. Wang, and L. Zhang, “Association between
the interaction of key genes involved in effector T-cell path-
ways and susceptibility to develop allergic rhinitis: a
population-based case-control association study,” PLoS One,
vol. 10, no. 7, article e1131248, 2015.

D. M. Turner, D. M. Williams, D. Sankaran, M. Lazarus, P. ],
Sinnott, and I. V. Hutchinson, “An investigation of polymor-
phism in the interleukin-10 gene promoter,” Enropean Journal
of Immunogenetics : Official Journal of the British Society for
Histocompatibility and Immunagenetics, vol. 24, no. 1, pp. 1-
8, 1997,

A. Vilkeviciute, N. Bastikaityte, R. Mockute et al., “The role of
SNPs in [LIRL] and ILIRAP genes in age-related macular
degeneration development and treatment efficacy,” In Vivo,
vol. 34, no, 5, pp. 2443-2451, 2020,

X Solé, E. Guind, ]. Valls, R. Iniesta, and V. Moreno,
“SNPStats: a web tool for the analysis of association studies,”
Bivinformatics (Oxford, England), vol. 22, pp. 1928-1929, 2006.
X. C. Li, A. D. Schachter, M. 5. Zand et al., “Differential expres-
sion of T-cell growth factors in rejecting murine islet and
human renal allografts,” Transplantation, vol. 66, no. 2,
Pp. 265-268, 1998,

E. Schmitt, R. van Brandwijk, J. van Snick, B. Siebold, and
E. Riide, “TCGF I1I/P40 is produced by naive murine CD4+
T cells but is not a general T cell growth factor,” European
Journal af Immunology, vol. 19, no. 11, pp. 2167-2170, 1989,
S. Koch, N. Sopel, and S. Finotto, “ThY and other IL-9-
producing cells in allergic asthma,” Seminars in Immunopa-
thology, vol. 39, no. 1, pp. 55-68, 2017,

R. |. Noelle and E. C. Nowak, “Cellular sources and immune
functions of interleukin-9," Nature Reviews Immunology,
vol. 10, no. 10, pp. 683-687, 2010.

X. Xiao, 5. Balasubramanian, W. Liu et al., *OX40 signaling
favors the induction of T},9 cells and airway inflammation,”
Naiure Immunology, vol. 13, no. 10, pp. 981-990, 2012,

V. Dardalhon, A, Awasthi, H. Kwon et al., "IL-4 inhibits TGE-
beta-induced Foxp3+ T cells and, together with TGP-beta,
generates [L-9+ IL-10+ Foxp3(-) effector T cells,” Nature
Immunelogy, vol. 9, no. 12, pp. 1347-1355, 2008,

L. Hiltner, C. Druez, J. Moeller et al., “Mast cell growth-
enhancing activity (MEA) is structurally related and function-
ally identical to the novel mouse T cell growth factor
P40/TCGFIII (interleukin 9)," Eurapean Journal of Immunol-
ogy, vol, 20, no. 6, pp. 1413-1416, 1990.

C. Uyttenhove, R. ]. Simpson, and J. van Snick, “Functional
and structural characterization of P40, a mouse glycoprotein
with T-cell growth factor activity,” Proceedings af the National
Academy of Sciences of the United States of America, vol. 85,
no. 18, pp. 6934-6938, 1988,

S. Chakraborty, K. F. Kubatzky, and 1D, K, Mitra, “An update
on interleukin-9: from its cellular source and signal transduc-
tion to its role in immunopathogenesi tional Journal
af Molecular Sciences, vol. 20, no. 9, p. 2113, 2019.

L. Knoops and ].-C. Renauld, *IL-9 and its receptor: from sig-
nal transduction to tumorigenesis,” Growth Factors (Chur,
Switzerland), vol, 22, no. 4, pp. 207-215, 2004.

LI Y
Inter




Mediators of Inflammation

[50] W. Elyaman, E. M. Bradshaw, C. Uyttenhove et al., “IL-9

induces differentiation of TH17 cells and enhances function

of FoxP3+ natural regulatory T cells,” Proceedings of the

National Academy of Sciences of the United States of America,

vol. 106, no. 31, pp. 12885-12890, 2009,

M. M. Le Beau, R, Espinosa, W. L. Neuman et al, "Cytogenetic

and molecular delineation of the smallest commonly deleted

region of chromosome 5 in malignant myeloid diseases,” Pro-
ceedings of the National Academy of Sciences of the United

States of America, vol, 90, no. 12, pp. 5484-5488, 1993,

B. Hoebee, L. Bont, E. Rietveld et al, “Influence of promoter

variants of interleukin-10, interleukin-9, and tumor necrosis

factor-alpha genes on respiratory syncytial virus bronchioli-

tis,” The Journal of Infections Diseases, vol, 189, no. 2,

pp. 239247, 2004.

M. B. Freidin, V. P. Puzyrev, L. M. Ogorodova, O. §. Kobia-

kova, and 1. M. Kulmanakova, “Polymorphism of interleukins

and interleukin receptor genes: population distribution and

association with atopic bronchial asthma,” Genetika, vol. 38,

no. 12, pp. 1710-1718, 2002.

W, Zhu, N, Liw, Y. Zhao, H. Jia, B. Cui, and G. Ning, “Associ-

ation analysis nfpﬁl}rmnrphisms in IL-3, [L-4, IL-5, IL-9, and

IL-13 with Graves’ disease,” Journal of Endocrinological Inves-

tigation, vol, 33, no. 10, pp. 751-755, 2010,

I, Fatahi, A. Chaleshtori, K. G. Samani et al., “Assessment of

the effects of IL9, IL9R, IL17A, and IL17F gene polymorphisms

on women with allergic rhinitis in Shahrekord, Iran,” Annals

of Medical and Health Sciences Research, vol. 6, no. 4,

pp. 216-223, 2016,

M. Schiirks, T. Kurth, ]. E. Buring, and R. Y. L. Zee, “A candi-

date gene association study of 77 polymorphisms in migraine,”

The Journal of Pain : Official Journal of the American Pain

Seciety, vol. 10, no. 7, pp. 759-766, 2009.

[57] J. Yin, X. Wang, . Wei et al, “Interleukin 12Brs3212227 T > G
polymorphism was associated with an increased risk of gastric
cardiac adenocarcinoma in a Chinese population,” Diseases of
the Esophagus : Official Journal of the International Society for
Diseases of the Esophagus, vol. 28, no. 3, pp. 291-298, 2015,

[58] J.-M. Sun, Q. Li, H-Y. Gu et al, “Interleukin 10 rs1800872

T=>G polymorphism was associated with an increased risk of

esophageal cancer in a Chinese population,” Asian Pacific

Journal of Cancer Prevention : APJCP, vol. 14, no. 6,

pp. 3443-3447, 2013,

R. Lauretta, M. Sansone, A. Sansone, F. Romanelli, and

M. Appetecchia, "Gender in endocrine diseases: role of sex

gonadal hormones,” International Journal of Endocrinology,

vol. 2018, Article 1D 4847376, 11 pages, 2018,

H. Zhou, X. Zhao, M. Yuan, and Y. Chen, *Comparison of

cytokine levels in the aqueous humar of polypoidal choroidal

vasculopathy and neovascular age-related macular degenera-

tion patients,” BMC Ophthalmology, vol. 20, no. 1, p. 15, 2020.

[61] T. Sato, M. Takeuchi, Y. Karasawa, T. Enoki, and M. Ito,

“Intraccular inflammatory cytokines in patients with neovas-

cular age-related macular degeneration before and after initia-

tion of intravitreal injection of anti-VEGE inhibitor,” Scientific

Reports, vol. 8, no. 1, p. 1098, 2018,

1. Agrawal, P. K. Balne, X. Wei et al,, “Cytokine profiling in

patients with exudative age-related macular degeneration and

polypoidal choroidal vasculopathy,” Investigative Ophthalmol-

ogy ¢ Visual Science, vol. 60, nao. 1, pp. 376-382, 2019.

[63] P. Pongsachareonnont, M. Y. K. Mak, C. P. Hurst, and W.-
C. Lam, “Neovascular age-related macular degeneration: intra-

[51]

[52]

[53]

[54]

[55]

[56]

[59]

(60]

[62]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71

[72]

(73]

[74]

[75]

[77]

137

13

ocular inflammatory cytokines in the poor responder to rani-
bizumab treatment,” Clinical Ophthalmology (Auckland, NZ),
vol. 12, pp. 1877-1885, 2018,

T. A. Hamilton, Y. Ohmori, and ]. Tebo, “Regulation of che-
mokine expression by antiinflammatory cytokines,” Immuno
logic Research, vol. 25, no. 3, pp. 229-246, 2002.

1. Trifunovi¢, L. Miller, Z. Debeljak, and V. Horvat, *Patho-
logic patterns of interleukin 10 expression-a review,” Bio-
chemia Medica, vol. 25, no. L, pp. 36-48, 2015.

W. Ouyang, 5. Rutz, N. K. Crellin, P. A, Valdez, and $. G.
Hymowitz, “Regulation and functions of the 1L-10 family of
cytokines in inflammation and disease,” Awnnual Review of
Immunology, vol. 29, no. 1, pp. 71-109, 2011,

M. Wills-Karp, A. Nathan, K. Page, and C. L. Karp, “New
insights into innate immune mechanisms underlying allerge-
nicity,” Mucosal Immutnology, vol. 3, no. 2, pp. 104-110, 2010.
P. Gao, N. Niu, T. Wei et al,, “The roles of signal transducer
and activator of transcription factor 3 in tumor angiogenesis,”
Oncotarget, vol. 8, no. 40, pp. 69139-69161, 2017.

A. V. Shevchenko, V. F. Prokofev, V. L. Konenkov et al., "Cyto-
kine gene polymorphisms in patients with age-related macular
d ation,” Vestnik Oftal gif, vol. 132, no. 2, pp. 8-13,

2016.
¥.-Y. Tsai, J.-M. Lin, L. Wan etal,, “Interleukin gene polymor-
phisms in age-related macular degeneration,” Visual Science,
vol. 49, no. 2, pp. 693-698, 2008,

]. Kelly, A. Ali Khan, . Yin, T. A. Ferguson, and R. 5. Apte,
“Senescence regulates macrophage activation and angiogenic
fate at sites of tissue injury in mice,” The Journal of Clinical
Investigation, vol. 117, no. 11, pp. 3421-3426, 2007.

L. He and A. G. Marneros, “Macrophages are essential for the
early wound healing response and the formation of a fibrovas-
cular scar,” The American Journal of Patholagy, vol. 182, no. 6,
Pp. 2407-2417, 2013,

Z. Litwiniska, A. Sobus, K. Luczkowska et al,, “The interplay
between systemic inflammatory factors and microRNAs in
age-related macular degeneration,” FFrontiers in Aging Neuro-
science, vol. 11, p. 286, 2019.

Y. Subhi, M. Krogh Nielsen, C. R. Molbech et al,, "Plasma
markers of chronic low-grade inflammation in polypoidal cho-
roidal vasculopathy and neovascular age-related macular
degeneration,” Acta Ophthalmologica, vol. 97, no. 1, pp. 99-
106, 2019.

K. Nassar, 5 Grisanti, E. Elfar, |. Liike, M, Liike, and
S. Grisanti, “Serum cytokines as biomarkers for age-related
macular degeneration,” Graefe'’s Archive for Clinical and
| Ophthalmology, vol. 253, pp. 699-704, 2015,

Q. Wu, B. Lin, L. Yuan et al, “Dysregulations of follicular
helper T cells through IL-21 pathway in age-related macular
degeneration,” Molecular Immunalogy, vol. 114, pp, 243-250,
2019.

1. C. ten Berge, Z. Fazil, L. 1. Born et al,, “Intraocular cytokine
profile and autoimmune reactions in retinitis pigmentosa, age-
related macular degeneration, glaucoma and cataract,” Acta
Ophthalmologica, vol, 97, no. 2, pp. 185-192, 2015.

I .
Lxper



. cells

Article

ey

VEGFA Haplotype and VEGF-A and VEGF-R2 Protein
Associations with Exudative Age-Related Macular Degeneration

Alvita Vilkeviciute 1*(2, Dzastina Cebatoriene 2, Loresa Kriauciuniene ! and Rasa Liutkeviciene !

check for
updates

Cilation: Vilkeviciute, A
Cebatoriene, I; Krisuciuniens, L;
Liutkeviciens, R, VEGFA Haplotype
and VEGF-A and VEGF-R? Prdein
Assodiations with Exudative
AgeRelated Macular Degeneration.
Cells 2022, 11, 996, hitps:/ /dloi org/
103390/ cell=s 11060895

Academic Editors: Sarah Xin Zhang,
Joshua Jianxin Wang and Michael
E. Boulton

Received: 17 January 2022
Accepled: 11 March 2022
Published: 15 March 2022

Publisher’s Note: MDP] stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access arlicle
distributed  under  the
conditions of the Creative Commons
Attribution (CC BY) license (https:/ /
creativecommens.org /licenses /by /
4.0/).

terms  and

Neuroscience Institute, Lithuanian University of Health Sciences, Medical Academy, Eiveniu St 2,
LT-50161 Kaunas, Lithuania; loresa.kriauciuniene@lsmuni.lt {L.K.}; rasa.liutkeviciena@lsmuni 1t {R.L.)
2 Medical Academy, Lithuanian University of Health Sciences, A. Mickeviciaus 5t. 9,

LT-44307 Kaunas, Lithuania; dzastina.cebatoriene@lsmu. It
*  Correspondence: alvita.vilkeviciute@ismuni lt; Tel.: +370-6-242-4461

Abstract: Qur study aimed to reveal the associations between VEGFA SNPs (rs1570360, rs699947,
r=3025033, and rs2146323), their haplotypes, VEGF-A and VEGF-R2 serum concentrations, and early
and exudative AMD. A total of 339 subjects with early AMD and 419 with exudative AMD groups,
and 374 healthy subjects, were genotyped for four VEGEA SNPs (rs1570360, rs699947, r<3025033,
and rs2146323). VEGF-A and VEGFR-2 serum concentrations were measured in exudative AMD
and controls. The results revealed that rs30250323 G allele was significantly associated with lower
odds of exudative AMD under the dominant model (OR = 0.67; 95% CI: 0.49-0.80; p = 0.0088)
and additive (OR = 0.7; 95% CL: 0.54-0.90; p = 0.0058) models after Bonferroni correction. In the
female group, rs3025033 AG genolype was associated with exudative AMD under the codominant
model (OR = 0.57; 95% Cl: 0.37-0.87; p = 0.009) and G allele under the dominant (OR = (.55; 95%
CI: 0.37-0.82; p = 0,0032) and additive models (OR = 0.60; 95% CI: 0.42-0.84; p = 0.0028). Haplotype
analysis revealed that individuals carrying rs1570360, rs699947, rs3025033, and rs2146323 haplotype
A-A-G-A had decreased risk of exudative AMD (OR = 0.46, 95% CI: 0.23-0.90; p = 0.023). The VEGF-A
and VEGF-R2 serum concentrations did not differ between study groups; we found that patients with
exudative AMD carrying at least one C allele at rs699947 have statistically significantly higher VEGF-
A serum concentrations compared to AA genotype carriers (485.95 (945.93) vs. 19497 (-), respectively,
p = 1L046). In conclusion, we found that VEGFA rs3025033 and haplotype rs1570360A-rs699947 A-
rs302503306- rs2146323A play a protective role for exudative AMD in the Caucasian population.
Furthermore, rs699947 is associated with elevated VEGF-A serum concentrations in exudative AMD.

Keywords: age-related macular degeneration; VEGIA; haplotype; serum concentration; rs1570360;
rs699947; rs3025033; 2146323

1. Introduction

Age-related macular degeneration (AMD) is widely described as a multifactorial, pro-
gressive, neurodegenerative disease of the macula, causing loss of visual functions leading
to blindness. The macula is a part of the retina where the photoreceptors, responsible for
visual acuity and colour perception, are concentrated [1]. Most eye function impairments
are associated with age-related alterations and, together with the other risk factors such as
environmental and genetic factors, lead to severe eye conditions [2]. Exponential popula-
tion ageing is a recent worldwide problem affecting human health, including eye diseases.
Itis known that AMD affects about 10% of people older than 65 years and more than 25%
of people older than 75 years in developed countries [2]. The previous study's projection
shows that the number of people with early AMD will increase up to 21.5 million and
late AMD up to 4.8 million in Europe [3], while worldwide the numbers are expected to
increase dramatically, even up to 288 million in 2040 [3].

AMD can be classified based on histopatholegical changes [4]. Early and intermediate
AMD often may not cause any symptoms. Early AMD signs include small drusen (protein
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and lipid deposit) formation between the retinal pigment epithelium (RPE) and Bruch'’s
membrane [2]. The intermediate form is described as a presence of at least one large drusen,
numerous medium-sized drusen, or geographic atrophy (GA) without extension to the
center of the macula with mild symptoms, such as mild blurriness, in their central vision or
trouble seeing in low lighting. The advanced AMD is divided into dry or atrophic AMD
with the GA of the RPE, and neovascular or exudative AMD is diagnosed when choroidal
neovascularization with detachments in the RPE haemorrhages and/or scars appear and
cause progressive blurring or other central vision impairments [5].

Considering the multifactorial AMD pathogenesis, drusogenesis and oxidative stress
remain the essential processes [6]. Accumulation of melecular debris, including lipid and
protein particles as well as reactive oxygen species (ROS) leading to chronic inflammation,
cause the irreversible damage of RPE cells and photoreceptors in the macula [7,8], and also
the breakdown of the blood-ocular barrier, which is a normal function to protect the eye [9].

The above-mentioned pathological alterations cause ocular damage, resulting in cy-
tokine release and pro-angiogenic and anti-angiogenic factor disbalance, including in-
creased vascular endothelial growth factor A (VEGFA) production, which plays a crucial
role in angiogenesis and vascular permeability. Moreover, vascular leakage and inflam-
mation caused by excessive VEGEFA release were found to play a critical role for choroidal
neovascularisation and exudative AMD development [7,10].

VEGFA can regulate angiogenesis in the vascular endothelium binding two types
of VEGF family receptors: VEGF-R1, encoded by FMS-related tyrosine kinase 1; FLT1
gene (OMIM* 165070) and VEGF-R2, encoded by kinase insert domain receptor; KDR gene
(OMIM* 191306) [11]. One of these high-affinity receptor tyrosine kinases, VEGF-R2, is a pri-
mary angiogenic receptor associated with VEGFEA-stimulated vascular permeability [12,13],
and the VEGF-R1 focuses on endogenous VEGFA inhibition [12,14].

While only the exudative AMD is already treated with anti-VEGFA inhibitors, in
recent years, the VEGFA and its signaling pathway have been targeted for the most effective
therapy development [15], including the other molecules based on the pathogenic processes
in which they are involved [16].

Although AMD invelves many risk factors, a substantial genetic contribution reveals the
genetic marker associations with AMD susceptibility [17], including a relationship between
the VEGFA and VEGFR2 gene variants and AMD as well [18-21]. Regarding the significant
associations and conflicting results between genetic markers and AMD [22] in previous studies,
we aimed to investigate the associations between four single nucleotide polymorphisms (SNPs)
in VEGFA (OMIM* 192240), and VEGF-A and VEGFR-2/KDR protein roles in AMD in the
Caucasian population to focus on a potential tool for early diagnosis.

2. Materials and Methods
2.1. Study Groups

This study was conducted after the approval of the Ethics Committee for Biomedical
Research, Lithuanian University of Health Sciences (No. BE-2-/48; 8 October 2018).

Study groups consisted of subjects admitted to the Hospital of Lithuanian University
of Health Sciences Ophthalmology Department for ophthalmological evaluation. Tn our
study, 1132 participants were enrolled: 339 subjects in early AMD and 419 in the exudative
AMD group. The Control group was formed of 374 healthy subjects (Table 1). Using
the global AMD prevalence (8.7%) [23] and the minor allele frequencies from [24], we
calculated that our collected sample sizes for the early, exudative AMD and control groups
were sufficient to reach 80% or higher statistical power for the selected VEGEA SNP analysis.

An ophthalmological evaluation was performed for all the study subjects, and data
about general health and other diseases were obtained from study subjects. All study
subjects agreed to participate and signed an informed consent form.
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Table 1. Demographic characteristics of study groups.

ys Early AMD Exudative AMD Control Group
Characteristic N =339 N = 419 N =7 p Value
Gender 0.068 *
Males, n (%) 104 (30.7) 149 (35.6) 139 (37.2) 0 '639 A
Females, n (%) 235 (69.3) 270 (64.4) 235 (62.8) o
Age, median (IQR) 73013) 77(10) 72(10) (g'xi
[QR—i quartile range; p—significance level when p = 0.05; * Early AMD vs. Control group; ** Exudative AMD

vs. Control group.

2.2, AMD Groups

All the AMD patients underwent optical coherence tomography (OCT), and optical
coherence tomography angiography (OCT-A) was performed in patients suspected of
having late AMD after the OCT examination. Exudative AMD was diagnosed in one eye of
the study subjects.

Age-Related Eye Disease Study (AREDS) classification was used for AMD diagnosis
and has been described previously [25].

Early AMD was defined as a combination of multiple small drusen and several
intermediate drusen (63-124 pum in diameter) or retinal pigment epithelial abnormalities.

Intermediate AMD was characterized by the presence of extensive intermediate drusen
and at least one large (giant) druse (125 pum in diameter) or geographic atrophy (GA) not
involving the center of the fovea.

Advanced AMD was characterized by GA involving the fovea and/or any of the
features of neovascular AMD.

2.3. The Control Group

Subjects without ophthalmologic pathologies and patients after senile cataract surg-
eries (without any other ocular comorbidities) were included in the control group. The
following exclusion criteria were also described in previous publications [26]:

(1) unrelated eye disorders, e.g., high refractive error, cloudy cornea, lens opacity (nuclear,
cortical, or posterior subcapsular cataract) except minor opacities, keratitis, acute or
chronic uveitis, glaucoma, or diseases of the optic nerve;

(2)  systemic illnesses, e.g., diabetes mellitus, malignant tumors, systemic connective
tissue disorders, chronic infectious diseases, hypertension, coronary artery disease,
stroke or conditions following organ or tissue transplantation;

3)  ungraded colour fundus photographs resulting from obscuring the ocular optic system
or because of fundus photograph quality.

2.4. DNA Extraction

DNA extraction was carried out at the Laboratory of Ophthalmology, Neuroscience
Institute, LUFS. The DNA was extracted from 200 pL peripheral venous blood samples
utilizing silica-based membrane technology, using a genomic DNA extraction kit (Gene]ET
Genomic DNA Purification Kit, Thermo Fisher Scientific, Vilnius, Lithuania), based on the
manufacturer’s recommendations.

2.5. SNP Selection

In the present study, two tag SNPs (intronic variants rs3025033A /G and 1s2146323A /C)
covering two haploblocks (Figure 1) (rs833068 have already been analyzed in our previous
research study) [26] were selected from the CEU population using the public HapMap
database. The pairwise option of the online Tag SNP tool was used with the following
settings: 1° = 0.8 set and the minimum number of SNPs tagged by each tag SNP was 2,
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Figure 1. Haploblocks in CEU population, HapMap data. 2 = 0.8 set: a minimum number of SNPs
tagged by each tag SNP = 2.

Two other VEGFA promoter polymorphisms, - 2578C/ A (rs699947) and — 1154G/A
(rs1570360), were selected additionally based on the previous inconsistent results [27] and
potential multiple SNI” associations with the AMD [19].

Finally, 4 SNPs in VECFEA gene were selected for genotyping and further analysis:
151570360 (chromosome6:43770093 (GRCh38)), rs699947 (chromosomef:43768652 (GRCh38)),
rs3025033 (chromosomet:43783338 (GRCh38)), rs2146323 (chromosome6:43777358 (GRCh38)).

2.6. Genotyping

The genotyping of four VEGFA gene polymorphisms, rs1570360, rs699947, rs3025033,
and rs2146323, was carried out at the Laboratory of Ophthalmology, Neuroscience Institute,
LUHS. The identification of all single-nucleotide polymorphisms was performed on a
“StepOnePlus” real-time PCR quantification system (Thermo Fisher Scientific, Singapore)
using predesigned TagMan® Genotyping assays (Thermo Fisher Scientific, Pleasanton,
CA, USA) according to the manufacturer’s recommendations. Genolyping results were
obtained using Genotyping program on the StepOne software.

2.7. Quality Control of Genotyping

A total of 5% randomly chosen samples were repetitively genotyped for all four SNFPs
to confirm the same rate of genotypes from initial and repetitive genotyping,.

2.8. Serum VEGF-A and VEGF-R2 Concentration Measurement

Obtained serum was partitioned into 200 pL aliquots to Eppendorf tubes and frozen
at =80 °C. Serum VEGF-A and VEGF-R2 concentrations were determined by sandwich
enzyme-linked immunosorbent assays, using the Human VEGF-A ELISA (Cat. No. BMS277-
2) and VEGF-R2/KDR ELISA (Cat. No. BMS2019) kits following the manufacturer’s in-
structions. Results were observed using a Multiskan FC microplate photometer (Thermo
Scientific, Waltham, MA, USA) at 450 nm. VEGF-A assay sensitivity was 7.9 pg/mL,
VEGF-R2/KDR—7 pg/ml.

2.9. Statistical Analysis

Statistical analysis was performed using the SPSS/W 27.0 software (Statistical Package
for the Social Sciences for Windows, Inc., Chicago, IL, USA). Continuous data (age, protein
serum level data distributions were evaluated for normality by the Kolmogorov-Smirnov
test. Continuous variables presented as median with interquartile range (IQR) based on data
distribution. The Mann-Whitney test was used to compare two groups for non-normally
distributed data.

141



Ceifs 2022, 11, 996

5of 16

Categorical data (gender, genotype, and allele distributions) are presented as absolute
numbers with percentages in brackets and compared between the early, exudative, AMD,
and control groups using the cli-sguare (x) test. Hardy=Weinberg equilibrium was eval-
uated to compare the observed and expected frequencies of VEGEA rs1570360, rs699947,
13025033, and rs2146323 using x? test in the control group as well.

The impact of SNPs on early and exudative AMD was evaluated using binemial logistic
regression analysis. Results are presented as odds ratios (OR) with 95% confidence interval
(CI) and adjusted by covariate effect for age in the exudative AMD groups. Logistic regression
analysis results were expressed as genetic models (codominant: heterozygotes vs. major allele
homozygotes and minor allele homozygotes vs. major allele homozygotes; dominant: minor
allele homozygotes and heterozygotes vs. major allele homozygotes; recessive: minor allele
homozygotes vs. major allele homozygotes and heterozygotes; overdominant: heterozygotes
vs. major allele homozygotes and minor allele homozygotes); the additive model was used to
evaluate the impact of each minor allele on AMD: major allele homozygotes vs. heterozygotes
vs. minor allele homozygotes. The best genetic model selection was based on the Akaike
information criterion (AIC); therefore, the best genetic models had the lowest AIC values.
We introduced an adjusted significance threshold for multiple comparisons alpha = (L0125
(0.05/4, since we analyzed four SNPs in the VEGF-A gene) [25].

Haplotype analysis was performed in the early AMD and contrel groups, and exuda-
tive AMD and control groups separately, using online SNPStats software (https:/ /www.
snpstats.net/snpstats/ (accessed on 15 December 2021)) [29]. Linkage disequilibrium (LD)
analysis was assessed by D’ and r> measures. The associations between the haplotypes
and different AMD forms were calculated by logistic regression and presented as ORs and
95% CI and values adjusted for age in exudative AMD analysis. Haplotypes with less
than 1% frequencies were pooled into one group and described as “rare”. A two-sided test
with a value less than (.05 was considered statistically significant. Graphs were performed
using GraphPad Prism version 9.0.0 for Mac, GraphPad Software, San Diego, CA, USA,
www.graphpad.com (accessed on 21 February 2022).

3. Results
3.1. VEGFA (rs1570360, rs699947, rs 3025033, and rs2146323) Genotype and Allele Associations
with Early and Exudative AMD

VEGFA SNPs’ genotype distributions were evaluated in the control group using Hardy-
Weinberg equilibrium (HWE). Three SNPs were in HWE (p = 0.05), but rs1570360 did not
conform the HWE requirements (p < 0.001) (Table 2).

Analysis of genotype and allele distributions showed statistically significant differ-
ences of rs3025033 genotypes (AA, AG, and GG) between exudative AMD and control
groups (69.2%, 27.7% and 3.1% vs. 61%, 33.4%, and 5.6%, respectively, p = 0.029) (Table 2).
Still, these results did not survive Bonferroni correction.

Allele frequency analysis showed that G allele at rs3025033 was statistically signifi-
cantly less frequent in the exudative AMD group than controls (16.9% vs. 22.3%, respec-
tively, p = 0.007) (Table 2).

Binomial logistic regression revealed that G allele at rs3025033 was significantly asso-
ciated with lower odds of exudative AMD under the dominant model (OR = (0.67; 95% CI:
0.49-0.80; p = 0.0088) and additive (OR = 0.7; 95% CIL: 0.54-0.90; p = 0.0058) model as best
according to AIC value, even after Bonferroni correction (Table 3).

142



Ceils 2022, 11, %6

6of 16

Table 2. Frequencies of VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) genotypes and alleles
in early AMD, exudative AMD, and control groups.

Exudative
Early AMD Control Group
SNP AMD HWE
N =339 i N=374 P Value * P Value ** P Value ***
Genotype/Allele (%) N=419 (%) p Value
n (%)
rs1570360
GG 162 (47.8) 183 (43.7) 177 (47.3) .
AG 128 (37.8) 168 (40.1) 125 (33.4) o= 9156 0.126 o512
AA 19(145) 68 (16.2) 72(19.3) <
G 452 (66.7) 534 (63.7) 479 (B4)
A 226 (33.3) 204 (36.3) 269 (36) 0295 e 0734
rs699947
AA 86 (25.4) 119 (28.4) 112 (29.9) _
AC 174(51.3) 187 (11.6) 173 (1630 G 0.317 0.589 0183
cC 79 (23.3) 113 (27) 59 (23.8) :
A M6 (51} 425 (50.7) 397 (53.1)
c 332 (49) 413 (493} 351 (46.9) 0441 0348 0902
rs3025033
AA 215 (63.4) 290 (69.2) 228 (61)
AG 112 (33) 116 27.7) 125 (33.4) s 0.399 0.029 0242
GG 12(35) 13 (3.10) 21 (5.6) i
A 542 (80) 656 (83.1) 581 (77.7)
G 136 (20) 142 (16.9) 167 (22.3) 02% 0.007 0118
52146323
C 142 (41.9) 191 (45.6) 158 (422)
AC 157 (46.3) 169 (40.3) 157 (42) i 0248 5w 026
AA 40(11.8) 59 (14.1) 59 (15.8) /

L5 441 (85} 551 (65.8) 473 (63.2)

A 237 (33) 287 (342} 275 (36.8) 0477 0296 0773
HWE p value—Hardy-Weinberg equilibrium significance level p = 0.05; p—significance level and Bonferroni
corrected significance level when p < 0.05/4; p-values marked with bold indicat istically significant p-values,
* Early AMD vs. Control group; ™ Exudative AMD vs. Control group; ** Early AMD vs. Exudative AMD.
Table 3. Binomial logistic regression analysis of VEGFA (rs1570360, rs£99947, rs3025033, and
152146323) in early and exudative AMD and contral groups.

rs 1570360
Early AMD vs, Control Group Exudative AMD vs. Control Group
Model Genotype/Allele  OR (95% CI) p Value AIC OR (95% CI) * p Value AIC
151570360
GG 1 1
Cadaminant AG 1.12 {0.81-1,55) 0499 989.3 1.25 (0.91-1.73) 0171 10457
AA 0.74 (0.49-1.13) 0168 0.94 (0.63-1.41) 0.763
y GG 1 1 -
Dominant AG+AA  DIB{0.73-132) 0.9 900.7 1.14 {0.85-152) 035 1455
N GG+ AG 1 1
Recessive AA 071 (0.48-1.05) 0.087 9875 0.85 (0.58-1.24) 04 10455
. GG + AA 1 1
Cverdominant AG 1.21 {0.89-1.64) 023 9892 1.27 {0.94-172) on 10438
Additive A 091 (0.75-1.11) 03 9895 1.02 (0.84-1.23) 088 10462
15609947
Codominant MAA T 1
AC 1.31 (0.92-1.86) 0132 9.4 0.97 (0.69-1.37) 0.87 M55
cc 1.16 {0.76-1.75) 0492 1.28 {0.86-1 89) 0226
Dominant AA 1 1
AC+CC 1.26 (0.90-1.75) 017 9885 1.07{0.78-1.47) 0.67 1M6.1
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Table 3. Cont.
81570360
Early AMD vs. Contral Group Exudative AMD vs. Control Group
Model Genotype/Allele  OR (95% CI) P Value AlC OR (95% CI}* p Value AlC
Recessive Ad + AC 1 1
L 2]55 0.97 {0.69-1.38) 088 9907 1.30(0.93-1.81) 13 104349
Overdominant AN-CC 1 1
AC 123 {D91-1.64) 018 q88.9 0.87 (0.65-1.16) 034 1045.4
Additive C 1.08 {0.88-1.33) 0.45 990.1 1.12(0.92-1.37) 0.25 1044.%
rs3025033
Codominant AM 1 1
AG 0.95 (0.69-1.30) 0.751 9908 0.65 (0.51-0.95) nos 1040.7
GG 061 {0.29-1.26) 0.181 0.50 (0.24-1.03) 0.061
Dominant AA 1 1
AG + GG 0.90 (0.67-1.22) 05 990.3 067 (0.49-0.90) 0.0085 1039.4
Recessive AA+AG 1 1
GG 062 (0.30-1.27) 018 9889 0.56 (0.27-1.15) 011 1043.7
Overdominant AA+ GG 1 1
AG 0.95 (0.72-1.34 09 990.7 0.73 (0.53-0.99) 0.5 10423
Additive G 0.87 {D.68-1.13) 03 LN 0.70 (0.54-0.90) 0.0058 10387
rs2146323
Codominant cC 1 1
AC 1.11(0.81-1.53) 0.509 85,9 0.584 (0.61-1.15) 0.28 1046.5
AA 0.75 ((.48-1.20) 0231 0.79 (0151-1.21) 128
Dominant CcC 1 g
AC + AA 1.01 (0.75-1.37 092 990.7 N.A3 (DA2-1.11) 02 10440
Recessive CC+AC 1 1
A 0.71 (D.46-1.10) 012 G883 066 (0.57-1.28) 045 1045.7
Overdominant CC+ AA 1 1
AC 1.19 {D.89-1.60) 0.24 9854 0,88 (0.67-1.20) 045 1045.7
Additive A 093 (0.75-1.15) 049 990.2 0,88 (0.72-1.07) 02 1044.7

OF—odds ratio; Cl—confident interval; p—significance level and Bonferroni corrected significance level when
p = 0.05/4; p-values marked with bold indicate statistically significant p-values; AIC—Akaike information criteria;
* Ods adjusted for age in exudative AMD analysis,

3.2. VEGFA (51570360, rs699947, rs3025033, and rs2146323) Genotype and Allele Associations
with Early and Exudative AMD by Gender

We analyzed VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) genotype and
allele associations with early and exudative AMD by gender and found that rs3025033
association with exudative AMD remained only in females (Supplementary Material,
Tables S1 and 52), but not in males (Supplementary Material S1, Tables 53 and S4). After
the strict Bonferroni correction, three significant results remained. We found associa-
tion between rs3025033 AG genotype and exudative AMD under the codominant model
(OR = (.57; 95% CI: 0.37-0.87; p = 0.009); we also revealed that G allele is associated with
lower odds of exudative AMD for females under the dominant (OR = 0.55; 95% CI: 0.37-0.82;
p = 0.0032) and additive models (OR = 0.60; 95% CI: 0.42-0.84; p = 0.0028) (Supplemen-
tary Material, Table 52). AIC value shows that the additive model was best for revealing
rs3025033 association with exudative AMD in females (Supplementary Material, Table S2).

While the logistic regression analysis showed significant associations between rs2146323
and exudative AMD in females, the results did not survive Bonferroni correction
(Supplementary Material, Table S52). No associations were found between rs2146323 and
early AMD in females (Supplementary Material 51, Tables 51 and 52) nor males (Supplemen-
tary Material, Tables 53 and S4).

We also compared the genotype and allele frequencies between females with early
AMD and exudative AMD and males with early AMD and exudative AMD. We found that
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allele G at rs3025033 was less frequent in females with exudative AMD than in females
with early AMD (14.4% vs. 20%, respectively p = 0.019). Still, the result did not survive
Bonferroni correction (Supplementary Material, Table S1).

3.3. Haplotype Analysis
Haplotype analysis was performed in separate groups of AMD. Pairwise linkage
disequilibrium (LD) between studied polymorphisms was observed (Table 4).

Table 4. Linkage disequilibrium between the four VEGFA SNDPs,

SNPs Early AMD vs. Controls Exudative AMD vs. Contrals

D* r # Value o r 1 Value
a1 56 -rs69997 [.O7182 0.2521 [iXi] 0.7087 0.2641 .0
r515370360-rs3025033 03771 00204 an 0.391% 0.0210 0.0
rs1570360-152146323 0.0895 0.0077 0.001 01151 0.0138 0.0
12A99M 7-rs3025033 0.1503 0.0066 0.0021 0.038% 0.0004 0.4298
TSAHIMT-rs2146323 0.9904 0.5051 on 09871 0.4970 0.
r53025033-rs2146323 0.0866 0.0036 0.0232 0.1544 0.0150 0.0

SNP—single nucleotide polymorphism; I is the deviation between the expected haplotype frequency and the
observed frequency (D scale: ,1). 1 is the squared correlation coefficient of the haplotype frequencies (r* scale:
0,1); p—significance level; significant when p < 0.05.

Haplotype analysis revealed that there is no association between VEGFA haplotypes
and early AMD (Table 5), but individuals carrying rs1570360, rs699947, rs3025033, and
152146323 haplotype A-A-G-A had decreased risks of exudative AMD (OR = (.46, 95% CL:
0.23-0.90; p = 0.023) (Table 6).

Table 5. Associations between VEGEA haplotypes and risk of early AMD.

Frequency (%)
Haplotype SNP1 SNP2 SNP'3 SNI'4 OR (95% CI) 7 Value
Early AMD Controls Total

1 G C A c 3113 3171 3143 1.00 -

2 G A A A 18.87 15.22 16.98 1.30 {D.92-1.84) 014

3 A A A G 16.08 15.55 15.8 1.08 (0.78-1.50) 0.64

4 G C G c 13.14 10.3% 11.68 1.31 (0.87-1.97) 019

Bl A A A A 9.17 10.01 459 0.96 {0.63-1.45) 0.86

6 G A G A 3.3 6,14 4.88 0.61 (0.33-1.13) 012

7 A C A C 47 456 463 1.14 (0642013 0.66

8 A A G A 334 5.09 4.29 0.63 {0.34-1.17) 014

rare - - * . NA NA 072 0.00(-) 1
OR—odds ratio; Cl—confident interval; p—significance level; significant when p < 0.05; p-values marked with
bold indicate statistically significant p-values; AlC—Akaike information criteria; SNP1 rs1570560; SNI'2 rs695947;
SNP3 rs3125033; SNP4 rs2146323; rare—pooled haplotypes with frequencies <1 %. *—allele of rare haplotype.
Global haplotype association p value: 0,025,
Table 6. Associations between VEGFA haplotypes and risk of exudative AMD.
Frequency (%)
Haplotype SNP1 SNP2 SNP3 SNP4 OR (95% CI) p Value
Exudative AMD Controls Total

1 G < A C 351 3171 33.52 1.00 -

2 A A A C 16.2 15.55 15.89 0.93 (0.68-1.27) 0.65

3 G A A A 1465 1522 14.88 0.86 (0.61-1.22) 04

4 A A A A 114 1001 1076 1.07 (0.73-1.57) 073

5 G C G C 8.62 10.35 9.38 0.81 {0.53-1.23) 032

[ G A G A 5.08 614 5.58 0.69 (0.40-1.20) 019

7 A C A C 5.44 4.56 504 1.17 (0.69-1,98) 0,56

8 A A G A 299 500 398 046 (0.23-0.90) 0.023

rare * * LA " NA NA 0,95 0.36 {0.09-1.46) 015

OR—odds ratio; Cl—confident interval; p—significance level; significant when pr < 0.05; p-values marked with
bold indicate statistically significant p-values; AIC—Akaike information criteria; SNF1 rs1570360; SN2 rs699947;
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SNI3 rs3025033; SNP4 rs2146323; rare—haplotypes with frequencies < 1 %;. *—allele of rare haplotype. Global
haplotype assaciation p value: 0.13.

3.4. VEGF-A and VEGF-R2/KDR Serum Concentration Analysis

Serum protein concentrations were measured in 20 patients with exudative AMD
before treatment and 21 control group samples. The Control group for VEGF-A and VEGF-
R2/KDR serum concentration measurement consisted of subjects considering the age and
gender distributions based on the exudative AMD group.

We compared the VEGF-A serum concentrations between exudative AMD and control
groups but did not find a significant difference (422.674 (677.02) vs. 615489 (425.49),
respectively, p = 0.424) (Figure 2).
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Figure 2. VEGF-A serum concentrations between groups. The bars represent the median with
nterquartile range (first quartile and third quartile) and whiskers from min to maximum values.
VEGF-A serum concentration in exudative AMD group: 422.674 (677.02) pg/mL and control group:
615.489 (425.49) pg/mL. Mann-Whitney-U test, p = 0.424.

We also compared the VEGF-R2/KDR serum concentrations between exudative AMD
and control groups, but there was also no statistical difference (12,759.2 (5358.85) vs.
15,428.35 (6098.03), respectively, p = 0.183) (Figure 3).
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Figure 3. VEGF-R2/KDR serum concentrations between groups. The bars represent the median
with interquartile range (first quartile and third quartile) and whiskers from minimum to maximum.
VEGF-R2/KDR serum concentration in exudative AMD group: (12,759,2 (5358.85) pg/mL and control
group: 15,428.35 (6698.03) pg/mL. Mann-Whitney-U test, p = 0.183.

3.5, VEGF-A and VEGF-R2/KDR Concentrations by VEGFA Genotypes

We also performed VEGF-A and VEGF-R2/KDR serum concentration and VEGFA
1570360, rsf99947, rs302503, and rs2146323 genotype association analysis and found that
patients with exudative AMD carrying at least one C allele at rs699947 have statistically
significantly higher VEGF-A serum concentrations compared to wild-type allele A homozy-
gous genotypes carriers (485.95 (945.93) vs. 194.97 (), respectively, p = 0.046) (Table 7).
However, there were only two subjects with the AA genotype.

Table 7. VEGF-A and VEGF-R2/KDR concentration associations with VEGFA polymorphisms in
exudative AMD and controls,

VEGE-A VEGF-R2/KDR
Madel Exudative Control Group Exudative Control Group
AMD (pg/mL),  p Value {pg/mL), pValue  AMD (pg/mL),  p Value (pg/mlL), ¢ Value
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
1570360
. o 12,5856 14,435.95
Dominant 383.55 (427.3) 71125 (472.66) (6294.67) vs. " (7035.44) vs.
: vs, 64036 0142 vs. 526,14 0.181 = 0.569 0916
AG+ AAvs GG 13.402.08 162116
(1234.32) (391.91) (5875.31) (7547.33)
2 17,8766 () vs. 1542835 (-) vs.
Recessive TH.99 [-) vs. F27.89 (-) vs. &
omr L e 0615 12,6739 0560 15473.4 0451
AAvs AG+ GG 42142 (546.25) 58123 (518.70) (4551.86) w814)
rsHe9947
14,7352
. = 54682 (553.1) 13,357.85 S .
Dominant 48595 (45.93) g un vs. 71125 0531 (5451.18) vs. 0.130 (7207.88) vs. 0347
AC+CCvs, AA vs, 194.97 (-) : : 168728
(272.64) 1140318 () (0171.29)
i 14,044.95 16,211.6
o 422,67 (1231.56) 526.14 (9396.71) . % i
i roeie vs. 43475 0447 v, 711.254 0156 S 0231 {67A185) vs. 0654
CCvs. AC + AA (678.21) (479.99) 1241833 14,435.95
: s (4638.02) (7008.14)
53025033
12,5666 14,089.38
4 401 86 (734.59) (29,32 (336.84) y ‘ !
Dominant vs. 51755 0935 va. 52614 oo (BA0Gvs gy @I ey
AG+ GG vs AA (1022.04) (621.82) 17,349.15 175248
2 (77059.45) (8218.45)
3 . - (=) vs, - () vs.
Recessive -(-) vs. 45431 - () vs. 581.23 i
” . . 12,673.9 15,819.95
GG vs. AG + AA (819.36) (377.25) (5468.76) (6956.65)
52146323
13,35785
: 38355 (1282.99) 73512 (743.12) s, 13,443 55 (7708)
By ey vs. 454311 0.866 vs. 536.48 o7 CIRON o vs1581998  02m
AAVE (527.24) (31829) (Se2h5h (7312.38)
) S vs. 15,8804 () vs.
Recessive -{-) vs. 42.67 T39.89 (-) vs. 2 e 2
. x ) 0.402 12,759.2 S 1542835 0952
Advs AC +CC (677.02) 546,82 (484.33) (5358.85) (6568.4)

IQR—interquartile range; any missing [OR value is due to the small sample size in the study subgroup;
p—significance level; significant when p < 0.05; p-values marked with bold indicate statistically significant p-values.
4. Discussion

This study analyzed four SNI's in the VEGFEA gene and their associations with early
and exudative AMD., Study results revealed that the G allele at rs3025033 was significantly
associated with lower odds of exudative AMD. We also found that these associations
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with exudative AMD remained only in females but not in males, suggesting the potential
gender role in AMD development. Furthermore, the differences of rs3025033 allele G
frequencies were observed between females with exudative AMD and females with early
AMD, but the results did not survive Bonferroni correction. Moreover, associations between
152146323 and exudative AMD in females were found, but the results did also not survive
Bonferroni correction.

A haplotype of VEGFA SNPs analysis revealed that individuals carrying rs1570360,
rs699947, re3025033, and rs2146323 haplotype A-A-G-A had decreased risk of exudative
AMD, showing a protective role of this haplotype. No studies have previously included all
these SNPs in AMD analysis. Only Mori et al. (2010) analyzed VEGFA —116A, rs1570360
associations with AMD, but did not reveal significant results [27]. Another three studies
examined rs1570360 associations with exudative AMD treatment efficacy but not with the
AMD occurrence [30-32].

VEGFA promoter polymorphism —2578C/ A (rs699947) is widely studied in a large
number of angiogenesis-asscciated diseases, including many different types of cancers [33-35]
and their response to anti-VEGFA agent treatment [36].

This SNI” was also studied in patients with AMD, but statistically significant differ-
ences in the genotypic distribution of VEGFA rs699947 were not found, and any significant
associations were revealed [20,27,37,38]. Scientists also tried to find the differences between
the AMD subtypes comparing neovascular and atrophic AMD groups but did not reveal
significant results [39].

Previous results were found in much smaller study groups. Still, our study confirmed
those findings in bigger samples groups, including 339 subjects in early AMD and 419 in
the exudative AMD groups, and 374 subjects in the control group.

Other research studies have analyzed rs699947 associations with anti-VEGFA treat-
ment [30,31,40-42] or photodynamic therapy response [32,43,44] but conflicting results
suggest that other risk factors [45] or SN’ combinations may be associated with the AMD
treatment as well [46,47]. Our analysis of SNPs and VEGF-A and VEGF-R2 serum concentra-
tions revealed that carriers of at least one C allele at rs699947 have statistically significantly
higher VEGF-A serum concentrations compared to wild-type allele A homozygous geno-
type carriers (485.95 (945.93) vs. 194.97 (-), respectively, p = 0.046).

Bulgu et al. (2014) included in their study an intronic VEGFA variant rs3025033 and
genotyped it for 82 AMD patients and 80 controls. Unfortunately, about 98% of genotypes
were determined as AA, so no further statistical analysis was performed [48].

Lietal (2021) analyzed the rs3025033 effect on VEGF165b protein production but did
not reveal significant results; on the other hand, they showed that this SNF promoted cell
proliferation in human retinal vascular endothelial cells (h\RVECs) [49].

Another study performed by Immonen et al. (2010) analyzed the associations between
153025033 and photodynamic therapy response, but no associations were revealed [44].

In contrast, the frequencies of the VEGIA +5092, rs2146323 were significantly different
in photodynamic therapy non-responders and responders [44]. However, similar frequen-
cies of this SNP were found between the exudative AMD patients and controls [37] and any
AMD patients and controls [48]. Furthermore, it was shown that rs2146323 C allele was
protective against dry AMD, and the allele A was associated with the disease. Moreover,
there was a significant difference in the genotype frequencies of this SNP between the wet
type of AMD and dry type AMD [45]. Our study results showed associations between
152146323 and exudative AMD only in females, but these results did not survive when we
applied strict Bonferroni correction. Furthermaore, we did not find any associations between
this SNP and VEGF-A or VEGF-R2 serum concentrations.

Other widely studied SNPs show significant associations with the AMD and high-
light the possible VEGFA rs1413711 and rs833061 polymorphisms contributions to AMD
susceptibility [50].

Bulgu et al. (2014) found that the presence of ancestral allele (G) in rs1413711 was
protective for all AMD patients, and the AA genotype was a risk factor for AMD and
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even a highly increased risk factor for dry AMD [18]. Opposite results were shown in
another study: SNP +674, rs1413711 CC genotype was significantly associated with a higher
risk of exudative AMD [19]. The conflicting results of these studies may be explained by
differences in the size of study groups and populations (Turkish and Caucasian of Northern
European origin).

Habibi et al. (2014) showed that VEGEA +405, rs2010963 CC and VEGEA +936, rs3025039
TT genotype frequencies were higher in Tunisian AMD patients than in controls [51].

These results confirmed the previous associations between VEGEA +936, rs3025039,
and wet AMD in the Japanese population [52]. Deeper analysis showed that genotype TT
for rs3025039 was associated with elevated VEGF-A protein serum levels [20].

Moreover, an extensive analysis of VEGFA promoter and gene polymorphisms showed
that SNPs +674, +4618, +5092, +9162, and +9512 their haplotypes, CICCT and TCACC, were
associated with a 15-fold increased risk of exudative AMD and the promoter SNPs —460T,
—417T, —172C, —165C, —160C, —152G, —141A, —116A, +405C haplotype was associated
with about an 18-fold greater risk [19]. Two of these polymorphisms were included in
our study and, together with another two SNPs, revealed a protective haplotype for
exudative AMD. It is important to elucidate the SNI’ combinations and their role in AMD
to understand the pathogenesis and possible treatment strategies better.

VEGF-A serum levels, as well as VEGFA SNPs, are widely studied in AMD patients.
While we did not find any statistical differences in VEGF-A serum levels between the
exudative AMD patients and controls, we confirmed results from several other studies
which included total AMD patients or only exudative AMD patients, consisting of 27 to 71
samples per group in different populations [53-60]. Further studies revealed significantly
elevated VEGF-A levels in exudative AMD patients compared to controls [61,62]. Signifi-
cantly elevated VEGF-A levels in total AMD patients compared to controls were also found
in a few studies [20,51,63].

VEGF-R2 protein associations are not so widely analyzed as VEGF-A, but conflicting
results were also found. Ornek et al. (2016) found that decreased VEGFR-2 serum levels
were associated with both dry and wet type AMD. Furthermore, negative correlations
between VEGIR-2 with foveal retinal thickness in AMD patients and a significant positive
correlation with subfoveal choroidal thickness revealed the possible VEGF-R2 role in AMD
development [64]. Another two studies showed opposite associations and found elevated
VEGFR2 protein levels in patients with exudative AMD group than in the controls [65,60],
suggesting the role of VEGFR-2 in the pathogenesis of AMD.

5. Conclusions

In conclusion, we found that rs3025033 polymorphism of VEGFA and the haplotype
151570360 A 15699947 A-rs3025033G-152146323A can play a protective role for exudative
AMD in our population. Furthermore, the C allele at rs699947 is associated with elevated
VEGF-A serum concentrations in exudative AMD patients. Since the genetic variations
were associated with exudative AMD, our findings need to be replicated in additional
studies. While the main strength of our study was a large number of early and exudative
AMD patients, further studies are still needed to investigate the pharmacologic role of these
angiogenesis-related markers in AMD therapy.

Supplementary Materials: The following are available online at https:/ /S www.mdpi.com /article/
10,2390/ cells11060996 /51, Table S1: Frequencies of VEGFEA (rs1570360, rs699947, rs3025033 and
r52146323) genotypes and alleles in females with early AMD and exudative AMD, and controls, Table
52: Binomial logistic regression analysis of VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) in
females with early and exudative AMD and controls, Table 53: Frequencies of VEGFA (rs1570360,
5699947, rs3025033, and rs2146323) genotypes and alleles in males with early AMD and exudative
AMD, and controls, Table 54 Binomial logistic regression analysis of VEGFA (rs1570360, rs699947,
rs3025033, and rs2146323) in males with early and exudative AMD and controls.
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Table 1. RADS51B, TRIB1, COL8A41 and COLI10AI genotype distributions in the control
group using Hardy-Weinberg equilibrium

Gene SNP Allele frequencies Ge;:)g]:lilills tgl:(l::;mn pHv‘:;Ee
RADS51B rs8017304 | G (0.31) | A (0.69) 90/401/451 0.950
RADS5IB rs2588809 | T (0.12) | C (0.88) 17/185/740 0.175
TRIBI rs6987702 | C(0.27) | T (0.73) 83/343/516 0.019
TRIBI rs4351379 | C(0.07) | G (0.94) 7/109/826 0.111
COL8AI rs13095226 | C(0.19) | T (0.81) 27/304/611 0.138
COL10A41 |rs1064583 | G (0.31) | A (0.69) 52/482/408 <0.001

p-significance level, p is statistically significant when <0.05.

Table 2. IL-9 and IL-10 genotype distributions in the control group using Hardy-Weinberg

equilibrium

Gene SNP Allele frequencies Gel;gtszjtg;it;;lz)ﬁgons pHv‘:;l];:e
1L-9 rs1859430 | A (0.21) | G (0.79) 14/136/233 0.280
IL-9 152069870 | G (0.16) | A (0.84) 0/121/160 <0.001
1L-9 rs11741137 | T (0.19) | C (0.81) 10/126/247 0.195
1L-9 rs2069885 | A (0.19) | G (0.81) 10/123/250 0.260
1L-9 rs2069884 | T (0.19) | G (0.81) 10/123/250 0.260
IL-10 rs1800871 | A (0.22) | G (0.78) 18/133/232 0.848
IL-10 rs1800872 | T (0.22) | G (0.78) 18/133/232 0.848
IL-10 rs1800896 | C(0.47) | T (0.53) 77/203/103 0.204

p-significance level, p is statistically significant when <0.05.

Table 3. IL-10 haplotype associations with early, exudative, and atrophic AMD

Haplotype | rs1800871 | rs1800872 | rs1800896 Frequency‘ OR (95 % CI) ‘pvalue

Haplotype associations with early AMD

1 G G C 0.4549 1 -

2 G G T 0.3275 1.13(0.89-1.44) | 0.31

3 A T T 0.2166 1.00 (0.75-1.32) | 0.98
4 (rare) * * * 0.001 <0.001 (-) 1
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Table 3. Continued

Haplotype | rs1800871 | rs1800872 | rs1800896 | Frequency | OR (95 % CI) |[p value

Haplotype associations with exudative AMD

1 G G C 0.4751 1 —

2 G G T 0.3026 0.87 (0.68-1.10) | 0.24

3 A T T 0.2205 0.94 (0.72-1.22) | 0.63
4 (rare) * * * 0.0018 0.34 (0.02-5.66) | 0.45

Haplotype associations with atrophic AMD

1 G G C 0.4758 1 —

2 G G T 0.3046 0.62 (0.38-1.02) | 0.06

3 A T T 0.218 0.78 (0.47-1.29) | 0.33
4 (rare) * * * 0.0016 <0.00 () 1

Rare — pooled rare haplotypes; OR — odds ratio; CI — confidence interval; p-significance level

p<0.05.

Table 4. Frequencies of VEGFA (rs1570360, rs699947, rs3025033 and rs2146323)
genotypes and alleles in females with early AMD and exudative AMD, and controls

Gene/ |Genotype/| Early |Exudative| Control p
marker allele AMD, AMD, group, |value*|value**|value***
n (%) n (%) n (%)
N=235 | N=270 | N=235
VEGFA GG 115(48.9) | 119 (44.1) | 108 (46) | 0.142 | 0.285 0.498
rs1570360 AG 88 (37.4) | 107 (39.6) | 79 (33.6)
AA 32(13.6) | 44(16.3) | 48(20.4)
G 318 (67.7) | 345 (63.9) | 295 (62.8) | 0.097 | 0.646 0.208
A 152 (32.3) | 195 (36.1) | 177 (37.2)
VEGFA AA 61 (26) 81 (30) 70(29.8) | 0.618 | 0.490 0.182
1$699947 AC 122 (51.9) | 118 (43.7) | 113 (48.1)
CC 52(22.1) | 71(26.3) | 52(22.1)
A 244 (51.9) | 280 (51.8) | 253 (53.8) | 0.556 | 0.530 0.984
C 226 (48.1) | 260 (48.1) | 217 (46.2)
VEGFA AA 148 (63) | 199 (73.3) | 147 (62.6) | 0.374 | 0.017 0.032
rs3025033 AG 80 (34) | 64(23.7) | 75(31.9)
GG 7(3) 7 (2.6) 13 (5.5)
A 376 (80) | 462 (85.6) | 369 (78.5) | 0.573 | 0.003 0.019
G 94 (20) | 78 (14.4) | 101 (21.5)
VEGFA CcC 96 (40.9) | 124 (459) | 92 (39.1) | 0.560 | 0.308 0.299
1s2146323 AC 111 (47.2) | 109 (40.4) | 107 (45.5)
AA 28 (11.9) | 37(13.7) | 36 (15.3)
C 303 (64.5) | 357 (66.1) | 291 (61.9) | 0.417 | 0.165 0.584
A 167 (35.5) | 183 (33.9) | 179 (38.1)

p — significance level and Bonferroni corrected significance level when p = 0.05/4; *Early AMD
vs. Control group; **Exudative AMD vs. Control group; ***Early AMD vs. Exudative AMD.
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Table 6. Frequencies of VEGFA (rs1570360, rs699947, rs3025033, and rs2146323)

genotypes and alleles in males with early AMD and exudative AMD, and controls

Early Exudative | Control
Gene/ | Genotype/ | AMD, AMD, group, P P p
marker allele n (%) n (%) n (%) |value*| value** |value***
N=104 N=149 N=139
VEGFA GG 47 (45.2) 64 (43) 69 (49.6) | 0.684 | 0.378 0.920
rs1570360 AG 40 (38.5) | 61(40.9) | 46 (33.1)
AA 17(16.3) | 24(16.1) | 24 (17.3)
G 134 (64.4) | 189 (63.4) | 184 (66.2) | 0.686 | 0.488 0.818
A 74 (35.6) | 109 (36.6) | 94 (33.8)
VEGFA AA 25 (24) 38(25.5) | 42(30.2) |0.488| 0.671 0.844
15699947 AC 52 (50) 69 (46.3) | 60 (43.2)
CC 27 (26) 42 (28.2) | 37(26.6)
A 102 (49) | 145(48.7) | 144 (51.8) | 0.512 | 0.451 0.933
C 106 (51) | 153 (51.3) | 134 (48.2)
VEGFA AA 67 (64.4) | 91(61.1) | 81(58.3) | 0.623 | 0.756 0.775
rs3025033 AG 32(30.8) | 52(34.9) 50 (36)
GG 5(4.8) 6 (4) 8 (5.8)
A 166 (79.8) | 234 (78.5) | 212 (76.3) | 0.352 | 0.516 0.727
G 42(20.2) | 64(21.5) | 66(23.7)
VEGFA CC 46 (44.2) 67 (45) 66 (47.5) 10.333 | 0.744 0.701
1s2146323 AC 46 (44.2) | 60 (40.3) 50 (36)
AA 12 (11.5) | 22(14.8) | 23 (16.5)
C 138 (66.3) | 194 (65.1) | 182 (65.5) | 0.840 | 0.926 0.831
A 70 (33.7) | 104 (34.9) | 96 (34.5)

p — significance level and Bonferroni corrected significance level when p = 0.05/4; *Early
AMD vs. Control group; **Exudative AMD vs. Control group; ***Early AMD vs. Exudative

AMD.

159



dnous3 [oyuo)) ‘sa ANV dAnepnxy

dnoag jonuo) sa NV A[1eq

1'00% L0 (82°'1-85°0) 98°0 gee 9¢°0 (92°1-€5°0) 28°0 D QANIPPY
9°00% 8L°0 (TS 1-L5°0) €60 1'seg ¥0 (9€°1-9t°0) 6L°0 DD+VV SADY | JUBUIWOPISAQ
T00% S0 (S0'Z-€7°0) 69°0 L'S¢E€ vL0 (19°7-97°0) £€8°0 OV+VV 'SA DD OAISSOITY
€00¥ LSO (0v' 1-+5°0) L8°0 4% €€°0 (0€°1-9¥°0) LL'O VV 'S4 DO+OV jueunOq
—_— 89%°0 (00Z-2T0) L90 6occ L€9°0 (Tr'T—+T0)9L0 VV 'S4 DD
0690 (8% 1-65°0) 06°0 09€°0 (F€1-S+°0) LLO VV Sa DY JUBUTIOPO))
€€0ST0ESI VAADHA
00t S0 (TS T1-180) IT'1 ggee 96°0 (LS T-8LO)IT'T o) QANIPPY
700t 19°0 (08 1-1L0) €1'T L'¥Ee 620 (61°T-6L0) TE'T DD+VV SA DV JUBUTIOPIOAQ
9'00% 8L°0 (T8 1-+9°0) 80°1 86¢¢ 160 (TL1-¥5°0) L6°0 DV+VV 'SADD OAISSOIY
00¥ ¥0 01T¥L0)STT LYEe 870 Py T-LLO) LE'T VV 'S4 DD+0V jueunO
_— S0S°0 (T€T990) ¥T'1 loce 695°0 Lr'T-190) €T'1 VV '$4 DD
8TH'0 (0TTTL0)STT v€T0 (0L°T-8L0) 9F'1 VV 'S4 Qv JUBUTIOPO))
LY6669ST VADHA
00t 610 (FST1-18°0) TI'1 L'S¢E€ 1L°0 (0S'1-9L°0) LO'T \% QANIPPY
€'86€ €10 (9€°T06'0) 9’1 1'seg 6£°0 (STTHL0)9T'T VV+DD 'SA DY JUBUTOPIOAQ
900t 9L°0 (69°1-6t°0) 160 86¢¢ 680 (S8 1-Lt"0) ¥6°0 DOV+DD SA VY OAISSOIY
1'66€ 120 (STT+80) SE'1 £gee 610 (66'1-CL0) 0T'1 DD SA YY+DV jueunO(
00y SI8°0 (01°295°0)80°1 ILee 916°0 (F1°2-0S°0) #0'1 DD SAYY
€10 (6v'T-68°0) 6¢'1 S6€°0 (YTT€L0)8T'1 DD sA DY JUBUTIOPO))
09€0LS TSI VAIDHA
oIV anead | (1D % S6) O DIV anead | (1D % $6) O B I —

$]0.31100 puv NV
2A1DPNXD puv (1402 YJIn Sl u1 (€ZS9F 1754 pup ‘SSOSZOES ‘L #666954 0950LSI54) VAIDHA SO S1SQpup uo1ssa.432.1 2115130] [p1uiourg °/ ajqo.[

160



‘0 T> sorouanbaxy yim
sadKjordey pojood — ar1e1 eLI9ILIO UOIIRWLIONUL NIV — DIV S0°0 = d uoym [9a9] ooueoyrudis — d {[eAIOUI JUOPIFUOD — [0) ‘O1JBI SPPO — YO

1 () 000 Lo VN VN * * * * drel
v1°0 (LT'T#€0) £9°0 6T 60'S I3 v D v v 8
99°0 (10T+9°0) ¥1'1 97 98y L'y 8 v 8 v L
710 (€1'1-€€0) 190 887 19 £€5°¢ v D v D 9
98°0 (97'1-€9'0) 96°0 65°6 10°01 L1'6 v v v v S
61°0 (L6'T-L8°0) IET 8911 s€01 pIEl 8 D 8 D v
¥9°0 (0S'1-8L°0) 80'T 861 s¢sl 8091 D v v v 3
v1°0 (#8'1-76'0) 0€'T 8691 sl L8'81 v v v D [4

- 00’1 £r1¢ IL1€ €Il 8 v 8 D 1

anjea d (ID % $6) 4O oL © \..M_MMHMW@ T m@i fkied TEIPITST | €0STOEST | LP6669S1 | 09€0LSTSH [ddSyordeny

ANV A}4p2 y1im suonv1oossv adGojdvy y.yngA *g 219v.L

‘SIsA[eue (JNV 9ANEPNXD Ul a3 10J pAIshipe sy ‘BLIAILIO UOTIBULIOJUL
NreY — DIV /S0°0=d uoym [9A9] 9oUBOIJIUSIS PIJOALIOD [UOLIJUOY PUB [9AJ] douedjIugis — d ‘[eAloiul JuopIyu0d — [ ‘O13el SPPo — YO

900t 98°0 (Tr'1-6L°0) €0°1 86¢¢ S8°0 (8€°1-89°0) L6°0 v OANIPPY
1'00t 9t°0 (€6'1-¥L0) 0T'1 I'P€€ 61°0 LETH80) T VV+VV 'S4 QY JUBUTIOPIOAQ
900t 9L°0 (1L 1-8%°0) 06°0 9pEe LTO (6£°1-1€0) 990 OV+ID SA VY OAISSII0Y
00t 790 (6L 1-0L0)TI'T 9'6e€ 19°0 (06'1-89°0) ¥1°1 DD SA VV+OV Jjueurwioq
—_— 6¥6°0 (€£6'1-05°0) 86°0 ocec YLV O (S9° 1-+€0) SLO DD SAVV

2050 (86'1-2L0) 61'1 TTE0 (6TT9L0) TE'T DD sV JUBUTIOPO))

€TEOVITSI PoIDHAA
DIV anpead | (1D % S6) 4O DIV anpead | (1D % S6) O B [ —
dnoag [o13uo)) sa (qIAV 2AREpnxXy dnoasg jonyuo) sa NV A1er]

panuuo) <, aqn



Name, Surname:
E-mail:

Education:
20172021
20152017

20112015

Work Experience:
2019-02-2019-06

from 2017

2015-2017

Scientific Projects:
2019-07-01-2019-08-30

2018-2020

2015-2018

CURRICULUM VITAE

Alvita Vilkevicitté
alvita.vilkeviciute@lsmuni.lt

Lithuanian University of Health Sciences, PhD studies in Biology

Lithuanian University of Health Sciences, Master’s degree in
medical biology

Lithuanian University of Health Sciences, Bachelor’s degree in
medical and veterinary genetics

assistant lecturer, Lithuanian University of Health Sciences,
Institute of Biological Systems and Genetics Research

junior researcher, Lithuanian University of Health Sciences,
Neuroscience Institute, Laboratory of Ophthalmology

laboratory assistant, Lithuanian University of Health Sciences,
Neuroscience Institute, Laboratory of Ophthalmology

Lithuanian Research Council students’ scientific summer
internship project “Molecular markers for throat cancer”
(student’ supervisor). No. 09.3.3-LMT-K-712-15-0210

Lithuanian Business Support Agency project “The invention of
a new methodology and genetic testing kit for early depression
and bipolar disorder diagnosis and medication treatment”
(junior researcher). No. J05-LVPA-K-03-0042

Lithuanian Research Council project “Healthy and patients
with age-related macular degeneration new genetic and
metabolomic and biomarkers search” (laboratory assistant).
No. SEN-11/2015

Professional Memberships:

From 2016
From 2018

Honours and Awards:
2018

2019

Lithuanian genetics association
LSMU PhD students council

Awarded by Lithuanian science academy for the best master
thesis “Association of genetic markers and age-related macular
degeneration”. Supervisor prof. Dr. Rasa Liutkevi¢iené

3" place winner in the contest LSMU “Best PhD Student
2019~

162



PADEKA

Labiausiai dékinga Sio mokslinio darbo vadovei prof. dr. Rasai Liutke-
vi¢ienei uz nuolatinj pozityvuma ir motyvacija, pasitikéjimg ir palaikyma bei
nuosekly ir riipestingg vadovavimg visam moksliniam darbui.

Dékoju Lietuvos sveikatos moksly universiteto ligoninés Kauno kliniky
Akiy ligy kliniky gydytojams prisidéjusiems prie §io mokslinio darbo atli-
kimo. Ypac dékoju savo draugams ir kolegoms, gydytojams Ritai Mockutei,
Dzastinai Cebatorienei ir Mantui Banevi¢iui bei Oftalmologijos laboratorijos
jaunesniosioms mokslo darbuotojoms Gretai Gedvilaitei ir Kristei Kaikarytei
uz pagalbg atliekant mokslinj darbg ir palaikyma.

Esu ypa¢ dékinga savo mylimai Seimai ir mylimiems draugams uz supra-
tingumga bei nuolatinj palaikyma. Be Jusy, mano pasiekimai biity nieko verti.
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