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Abstract. Age-related macular degeneration (AMD) is a progressive disease that leads to blindness and is the cause of
visual impairment in an aging population. Apolipoprotein E (ApoE) is one of the key proteins in lipoprotein metabolism.
ApoE is expressed in the retina and is found in drusen in AMD patients. ApoE isoforms are significant genetic
determinants of AMD risk (€2 > €3 > €4), wherein the effects of APOE alleles vary by ethnic group. APOE genotype may
also influence response to treatment. Here we examine the effect of APOE alleles on the risk of neovascular AMD and
response to anti-VEGF treatment in patients from the population of Western Siberia. Genotyping of the rs429358 and
rs7412 polymorphisms of the APOE gene was carried out in patients with neovascular AMD (n = 315) and the control
group (n =317) using allele-specific PCR. To assess the association of APOE alleles with treatment response, 275 patients
were categorized into three groups of treatment response (good, weak, no response) after three loading injections of
aflibercept. We revealed a significant association between the €2 allele and neovascular AMD: carriers of €2 had a 1.5-fold
higher risk of AMD compared with carriers of other allelic variants (OR = 1.536; 95% Cl: 1.075-2.195). The results indicate
a moderate association of the €2 allele with the development of neovascular AMD in the Russian population. However,
no association was found between APOE genotype and short-term response to anti-VEGF therapy.
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Annens APOE €2 accolMMpoOBaH B POCCUICKOI KOTOpTe
C PMICKOM HEOBAaCKYVJ/ISIPHOI BO3PaCTHOM
MaKVJ/ISIPHOI JereHepanun

0.C. KoxxeBuuxosa (91, V.. Huxyanu 23 A.C. Aepbenéa 23 B.A. AeBATKUH 1 H.I. Koaocosa (91,

AJK. ®ypcosa (D12 3@

! DepfepanbHbli NCCNEA0BATENBCKMIA LeHTP VIHCTUTYT umTonorum n reHetrkn Cnbrnpckoro otaeneHuns Poccrinckon akagemmm Hayk, Hosocrnbumpck, Poccus
locypapcTBeHHaa HoBocnbrpckasn obnactHas KnvHnyeckas 6onbHuLa, HoBocnbnpck, Poccus
3 HoBocnbupcKmii rocyaapcTBeHHbI MeANLMHCKII yHUBepcuTeT, HoBOCMOMpCK, Poccusa

@ anzhellafursova@yandex.ru

AHHoTaumA. BospacTHasa makynapHasa gereHepauua (BMJ) - nporpeccupytollee HelipofereHepaTMBHoe 3aboneBaHue
ceTyaTKy, KOTOpOe CTAaHOBUTCA OCHOBHOWM MPUYMHOWM CHUPXKEHUA W MOTepV 3peHuA NIoAbMU CTapluero Bo3pacTa.
AnonunonpotenH E (ANOE) — ofWH 13 KiouyeBbiXx GEeIKoB NUNMAHONO MeTabosnM3mMa, KOTOPbI SKCnpeccupyeTtca B
ceTyaTKe 1 ObHapyXmuBaeTca B Apy3ax y naumeHToB ¢ BMA. M3odopmbl ANOE ABRAIOTCA 3HAUMMbIMK FeHETUYECKUMU
aetepMuHaHTamy pucka BMI (€2 > €3 > €4), npu 31om 3ddekTbl anneneir APOE pa3nnuyalotca B 3aBUCUMOCTA OT
3THMYeckom rpynnbl. leHoTMn APOE Takxe MOXeT BNUATb Ha OTBET Ha NleyeHve. B gaHHOM 1ccnegoBaHNy Mbl OLLEHUN
BnvAHne annenen APOE Ha puck HeoBackynapHon BM[ u otBeT Ha aHTU-VEGF-Tepanuio y naumeHTOB 13 HaceneHuA
3anapHon Cnbupu. feHoTnpoBaHne nonvmopdusmos rs429358 u rs7412 reHa APOE npoBeAeHo y MauueHToB C
HeoBackynapHoi BM[ (n = 315) n B KOHTpOsbHOW rpynne (n = 317) ¢ ucnonb3oBaHUeM annenb-cneyunduyeckoin MLP.
[na oueHkn casu annenennt APOE ¢ oTBeTOM Ha fleyeHne 275 naymeHToB 6bin pasfeneHbl Ha TPY rPyMMbl N0 CTeneHn
OTBeTa Ha fieyeHue (xopolunid, cnabblii, OTCYTCTBME OTBETa) MOC/E TPeX Harpy3ouHbIX MHbeKuuii apnnbepuenta. Mbl
BbIABMIM 3HAUYMMYIO accoLmaLmio Mexay annenem €2 1 HeoBackynapHon BM[: y Hocutenen €2 puck passutna BMI
6b11 B 1.5 pasa Bbllle MO CPAaBHEHMIO C HOCUTENAMU APYrUX annenbHbix BapmnaHto (O = 1.536; 95% AW: 1.075-2.195).
Pe3ynbTaTbl yKa3biBaloT Ha yMePEHHYI0 CBA3b anniena €2 C pa3BuTrem HeoBackynapHor BM/[] B poccuickor nonynaumm.
OpHako He 06Hapy»KeHo accoumaumm mexay reHotunamu APOE 1 KpaTKOCPOUHbIM OTBETOM Ha aHTU-VEGF-Tepanuto.
KnioueBbie cnoBa: Bo3pacTHasa MakynapHasa aereHepauuns; APOE; rs429358; rs7412; oteeT Ha aHTU-VEGF-Tepanuio
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Introduction

Age-related macular degeneration (AMD) is a progressive
multifactorial blinding disease, representing the leading cause
of visual impairment in an aging population. AMD is charac-
terized by atrophy of the retinal pigment epithelium (RPE),
accumulation of drusen, inflammation, and photoreceptor loss
in the macular region of the eye. Genetic susceptibility, along
with age and lifestyle, constitute the primary risk factor of
AMD, and can influence the disease phenotype and treatment
outcome. Among multiple genes and/or single nucleotide
polymorphisms (SNPs) associated with AMD, genome-wide
association studies have identified lipid metabolism pathway
genes, contributions of rare and common variants of which are
highlighted in a large genome-wide association study (Fritsche
et al., 2016; Fernandez-Vega et al., 2020).

Accordingly, numerous data confirm the involvement of
lipid metabolism violations in the pathogenesis of AMD
including: (1) drusen, the hallmark histopathologic feature of
AMD, are composed of lipids; (2) polymorphisms of genes
involved in lipid homeostasis are associated with increased
odds of AMD; (3) metabolomics studies show that patients
with AMD have alterations in metabolites from lipid pathways,
and (4) alterations in serum lipid profiles as a reflection of
systemic dyslipidemia are associated with AMD (Lin et al.,
2022). Apolipoprotein E (ApoE) is a transport protein of lipid
and cholesterol, playing a pivotal role in lipid metabolism in
the peripheral circulation, in the brain and in the re-innervation
process following nervous system injury. ApoE has the abili-
ty to bind to membrane receptors, mediating lipid transfer
between circulating lipoproteins and tissues. Additionally,
ApoE nonspecifically binds to lipophilic inflammatory com-
ponents, contributing to their clearance and participating in the
innate immune response (Huebbe, Rimbach, 2017).

Three major isoforms are known to exist in the ApoE
protein. ApoE2, ApoE3, and ApoE4 are the products of three
alleles (€2, €3, and €4) at a single gene locus defined by two
SNPs (1rs429358 and rs7412): ApoE3 has cysteine in posi-
tion 112, and arginine, in position 158, ApoE2 has cysteine
in both positions, and ApoE4 has arginine in both positions
(Argl12, Cys158 configuration is extremely rare). There are six
genotypes in the general population: three homozygous (4POE
€2/€2, APOE €3/€3, and APOE €4/¢4) and three heterozygous
(APOE €2/e3, APOE €2/e4, and APOE €3/e4). The €3 allele is
the most common and is found in 77 % of the general popula-
tion. Meanwhile, the €2 allele is found in 8 % of the general
population, and the &4 allele is found in 15 % of the general
population. However, the frequency of 4POE alleles varies
between different ethnic groups (Chan et al., 2023).

The APOE gene is a major genetic risk factor for develop-
ment of both AMD and late-onset Alzheimer’s disease (AD) —
the leading cause of dementia in the elderly. Despite the
different clinical manifestations of these diseases, growing
evidence suggests that they share common pathways in their
pathogenesis including inflammation, oxidative stress, and
impaired autophagy. It is also worth noting that ApoE is a
ubiquitous component of drusen, a hallmark of early AMD,
and abundantly present in amyloid plaques in the AD brain
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(Wisniewski, Drummond, 2020). There are many data indi-
cating that ApoE variants that have a protective association
against AD are also associated with a simultaneous high risk of
AMD. Therefore, it is known that the €4 allele reduces the risk
of AMD and at the same time is the major risk factor for AD.
On the contrary, individuals with the €2 allele have a higher
risk of AMD but a reduced risk of AD (Liuska et al., 2023).

There are, however, conflicting results. Recently, Fernan-
dez-Vega et al. (2020) described a protective role the APOE €2
allele has against wet AMD in the Northern Spanish popula-
tion. A meta-analysis integrating several recent large-sample
studies to verify the effect of 4POFE polymorphisms on AMD
subtypes revealed a significantly protective role of €4 on each
subtype of AMD, but no supportive evidence of the association
of €2 with AMD (Xiying et al., 2017). On the contrary, ac-
cording to the data of Gupta and Chawla (2025), the APOE ¢4
allele may be a risk factor for AMD in the Indian population.
At the same time in a large, longitudinal cohort of more than
100 000 Europeans, Rasmussen et al. (2023) revealed that the
€2 allele has an effect on AMD and confirmed an increased
risk of AMD in people with this genotype. No evidence was
received to support an association of APOE gene polymor-
phisms with early or exudative AMD in the Chinese (Sun et
al., 2011) and Brazilian populations (Viturino et al., 2021).
According to data of Adams et al. (2012), in the Australian
population, associations of €2¢2 and £2e4 with early AMD
varied by smoking status.

These results demonstrate the importance of potential modi-
fiers of association between APOE polymorphism and AMD
and highlight its significant effects on this association that
should be taken into account in further studies. Thus, the as-
sociation of the €2 allele with AMD is controversial, and their
roles in different subtypes of the disease need to be properly
explored in different populations for a better understanding
of AMD pathophysiology. Our goal was to study the effect of
APOE alleles on the risk of developing AMD and response
to anti-VEGF treatment in patients of Russian ethnicity from
the Western Siberian population.

Materials and methods

Study population and ethical approval. This study was
conducted at the Ophthalmology Department of the Novo-
sibirsk Regional Clinical Hospital (clinical assessment) and
the Institute of Cytology and Genetics, SB RAS (genetic
analysis). The study was performed in accordance with the
tenets of the Declaration of Helsinki and was approved by
the local Ethics Committee. All participants provided written
informed consent.

The study included 315 patients diagnosed with neovascu-
lar age-related macular degeneration (nAMD) and a control
group of 317 individuals without AMD. Inclusion criteria
for the nAMD group were: age over 50 years, a diagnosis of
nAMD with active macular neovascularization confirmed by
the presence of subretinal and/or intraretinal fluid on optical
coherence tomography (OCT), and provision of informed
consent. A subgroup of 275 treatment-naive patients was
selected for the anti-VEGF therapy response analysis. Exclu-
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Table 1. The frequency of genotypes and alleles of the APOE gene in the nAMD and control groups

Group Genotypes
€2/¢€2 €2/€3 €2/e4 €3/e3

nAMD

n 8 60 7 199

% 2.94 22.06 2.57 73.16
Control

n 4 43 6 225

% 1.59 17.13 2.39 89.64

sion criteria were: a history of laser coagulation, previous
intravitreal pharmacotherapy, geographic atrophy, signs of
intraocular inflammation, or any prior vitreoretinal surgery.

The control group consisted of individuals over 50 years of
age with no clinical signs of AMD (e. g., soft or hard drusen,
geographic atrophy, RPE detachment, macular fibrosis, or
pigmentary abnormalities). Patients with senile cataract were
included in the control group.

Clinical examination and anti-VEGF treatment protocol.
Peripheral blood samples were collected from all participants
in the morning after fasting into EDTA-containing vacuum
tubes. Patients in the therapy subgroup (n = 275) received
three loading doses of aflibercept (0.5 mg/0.05 mL) adminis-
tered intravitreally at 4-week intervals. Injections were per-
formed under topical epibulbar anesthesia (Alcaine) using
a 27-gauge needle inserted at least 3 mm from the limbus.
Treatment efficacy was assessed through clinical and instru-
mental examination before the initiation of therapy and after
the third loading dose. This included: best-corrected visual
acuity (BCVA) measured using an ETDRS (Early Treatment
Diabetic Retinopathy Study) chart, central retinal thickness
(CRT) measured by optical coherence tomography (OCT).
The treatment response was classified by clinicians at the
Novosibirsk Regional Clinical Hospital as optimal (good),
partial (weak), or no response, based on the dynamics of
BCVA and CRT changes, approximating the criteria proposed
by Amoaku et al. (2015).

DNA extraction and APOE genotyping. Genomic DNA
was isolated from whole blood using a diaGene (Russia) DNA
extraction kit according to the manufacturer’s protocol. DNA
samples were diluted to a concentration of 8 ng/uL and stored
at —20 °C. APOE genotyping for the rs429358 and rs7412 poly-
morphisms was performed using the allele-specific PCR with
the TagMan probes method described by Zhong et al. (2016).
The genotyping assay comprised three separate reactions to
identify the €2, €3, and &4 alleles. Each 25 pL PCR reaction
mixture contained: 12.5 pL of 2x BioMaster HS-qPCR mix
(Biolabmix, Russia), containing HS-Taq DNA polymerase,
dNTPs, PCR buffer, and Mg?*, 0.5 pg of each forward and
reverse APOE primer, APOE TagMan probe, genomic DNA
template, water to a final volume of 25 pL. The amplification
protocol was as follows: initial polymerase activation at 95 °C
for 5 min, 40 cycles of denaturation at 95 °C for 15 s, and an-
nealing/extension at 64 °C for 1 min.
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Alleles
£3/e4 c4/el €2 €3 4
38 3 83 496 51
13.97 1.10 0.13 0.79 0.08
36 3 57 529 48
14.34 1.20 0.09 0.83 0.08

Statistical analysis was performed using StatTech v. 4.0.6
(StatTech LLC, Russia). The normality of quantitative data
distribution was assessed using the Kolmogorov—Smirnov test.
Data are presented as mean (M) + standard deviation (SD) or
median (Me) with interquartile range (Q1-Q3) and 95% confi-
dence intervals (95% CI), as appropriate. Categorical data are
described using absolute values and percentages. Comparisons
of percentages in contingency tables were performed using
Pearson’s chi-square test. A p-value of < 0.05 was considered
statistically significant.

Results

APOE genotype and allele distribution

Genotyping of the APOE gene polymorphisms (rs429358 and
rs7412) was performed in 315 patients with neovascular age-
related macular degeneration (nAMD) and 317 control subjects
using the allele-specific PCR method described by Zhong et
al. (2016). The genotype distributions for both polymorphisms
were in Hardy—Weinberg equilibrium in all groups.

The frequencies of the resulting ApoE isoforms (€2, €3, €4)
are summarized in Table 1. The overall allelic and genotypic
frequencies of the rs429358 and rs7412 variants did not dif-
fer significantly between the nAMD and control groups in a
logistic regression analysis adjusted for age and sex.

However, a subsequent analysis focusing on the ApoE iso-
forms revealed a significant association. The frequency of the
€2 allele was significantly higher in nAMD patients compared
to the control group (0.13 vs. 0.09, p = 0.018, likelihood
ratio chi-square test). Carriers of the €2 allele had a 1.5-fold
increased risk of nAMD compared to carriers of other allelic
variants (OR = 1.536; 95% CI: 1.075-2.195) (Table 2). These
results indicate a moderate association of the APOE &2 allele
with nAMD development in the Russian population.

Table 2. Analysis of the association of carriage of the €2 allele
with the risk of AMD

Group Allele APOE Odds Cl(95%)
ratio
€2 €3 €4
nAMD, n =315 83 547 1.536 (1.075-2.195)
Control,n=317 57 577
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Association between APOE genotype

and treatment response

The association between APOE genotype and variability in
treatment response was assessed in a cohort of 275 nAMD pa-
tients (275 eyes). Patient clinical characteristics are presented
in Table 3. The majority of patients presented with type 1 (oc-
cult) macular neovascularization (52.4 %, n = 144), followed
by type 2 (44.0 %, n = 121) and type 3 (3.6 %, n = 10).

Following three loading doses of anti-VEGF therapy,
patients were categorized based on treatment response: 221
(80.4 %) had an optimal response, 41 (14.9 %) had a partial
response, and 13 (4.7 %) were non-responders. No statisti-
cally significant associations were found between the type of
response and patient sex or age (p > 0.05).

At diagnosis, the median central retinal thickness (CRT)
was 294 um (IQR: 238-399 um). After three loading doses,
269 patients (97.8 %) showed a reduction in CRT, with a
median decrease of 22 % to 236 pm (IQR: 213-267 um).
A positive dynamic in best-corrected visual acuity (BCVA) was
observed in 167 eyes (60.7 %). The median BCVA improved
from 32 letters (IQR: 30-50) at baseline to 60 letters (IQR:
35-75) in the optimal response group after loading doses.
A significant increase in BCVA and a reduction in CRT were
observed in the early treatment phase (p < 0.05). However,
at baseline, there were no statistically significant differences
in BCVA (p = 0.306) or CRT (p = 0.928) between patients
who later demonstrated an optimal response and those with a
partial or absent response.

We hypothesized that APOE genotype might influence
interindividual variability in response to therapy. However,
Pearson’s chi-square analysis showed no significant associa-
tion between the studied APOE alleles or genotypes and the
type of response to anti-VEGF therapy (Table 4).

Discussion

This is the first study to investigate the association of APOE €2,
€3, and €4 alleles with both the risk of AMD and the response
to anti-VEGF therapy in a Russian population from Western
Siberia. Our findings confirm a significant association between
the APOE €2 allele and an increased risk of developing neovas-
cular AMD. However, we found no statistically significant link
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Table 3. Clinical characteristics of patients

Parameter Clinical characteristics
Number of patients, n 275
Age, years 72 [64; 78]
Gender, n (%)
Women 194 (70.5)
Men 81 (29.5)
MNV type, n (%)
MNV 1 144 (52.4)
MNV 2 121 (44.0)
MNV 3 10 (3.6)
BCVA, letters 50 [30; 62]
BCVA after 3 IVI, letters 60 [35; 70]
BCVA gain after 3 IVI
Positive 167 (60.7)
No gain 83(30.2)
Negative 25(9.1)
CRT initial, mkm 303 [264; 366]

CRT after treatment, mkm 240 [215; 281]

CRT change after 3-IVI, n (%)

Increase 6(2.2)

Decrease 269 (97.8)
Type of response to treatment, n (%)

No response 13(4.7)

Weak response 41(14.9)

Good response 221 (80.4)

between APOE polymorphisms and the short-term anatomi-
cal and functional response to anti-VEGF treatment after the
loading phase. Previously, the ApoE £2/e3/e4 isoforms have
been reported to be associated with the risk of developing
AMD: in several studies, the €4 allele was associated with a
decreased risk, and the €2 allele, with an increased risk (Adams
etal., 2012).

Apolipoprotein E is a key protein in lipoprotein metabolism.
It exists in three major isoforms, defined by amino acid substi-
tutions at positions Cys112Arg and Arg158Cys, which are de-
termined by two single-nucleotide polymorphisms (rs429358

Table 4. Distribution of APOE genotypes and alleles in groups with different therapeutic outcomes of anti-VEGF therapy

Parameter

No response

APOE genotypes, n (%) €2/¢€2 0(0.0)
€2/€3 1(2.0)
£2/e4 1(12.5)
€3/e3 8(4.7)
€3/e4 3(8.8)
€4/e4 0(0.0)

APOE alleles, n (%) €2 2(15.4)
€3 8(61.5)
&4 3(23.1)

Type of response to treatment

p-value
Weak Good
0(0.0) 7(100.0) 0.326
8(15.7) 42(82.4)
3(37.5) 4(50.0)
28(16.3) 136 (79.1)
2(5.9) 29 (85.3)
0(0.0) 3(100.0)
11(26.8) 3(24.0) 0.392
28 (68.3) 136 (61.5)
2(4.9) 2(14.5)
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and rs7412). These ApoE isoforms are encoded by three alleles:
€2 (rs429358*T/rs7412*T), €3 (rs429358*T/rs7412*C), and &4
(rs429358*C/rs7412*C). ApoE is expressed in the retina and
has been identified within drusen in AMD patients (Abyadeh
etal., 2023). In numerous population-based studies, the APOE
&4 variant has been associated with a protective effect against
AMD, whereas the €2 allele has been linked to an increased
risk of the disease (Hu et al., 2021).

The pivotal role of anti-VEGF agents in managing neovas-
cular AMD is undeniable, having revolutionized the preven-
tion of severe vision loss. Nonetheless, a subset of patients,
approximately 10-30 % (Fursova et al., 2023), exhibit a subop-
timal response and continue to experience vision deterioration.
The underlying causes for this treatment resistance remain
unclear, with genetic predisposition considered a potential
determinant (Kozhevnikova et al., 2023).

Given the high prevalence of AMD and the substantial
socio-economic burden associated with long-term anti-
VEGF therapy, the ability to predict treatment outcomes is
of paramount clinical importance. We hypothesized that
APOE genotype could influence the considerable individual
variability in treatment response. This premise is supported
by several international studies investigating the association
between ApoE and AMD biomarkers (Gupta, Chawla, 2025).
However, an analysis of the relationship between 4POE
genotype, the risk of neovascular AMD, and the response to
anti-VEGF therapy had not been previously conducted within
a Russian population.

We focused on the short-term response following the initial
loading doses of anti-VEGF therapy, as this period is con-
sidered a critical window for assessing the maximum potential
morphological and functional response. Analyzing this phase
was hypothesized to best reveal the extent of genetic influence
on subsequent long-term outcomes. While some studies have
demonstrated that the most significant improvements occur
within the first three months of treatment, our investigation
in the West Siberian cohort did not identify APOE genotype
as a significant predictor of outcome at this stage. This lack of
association concerning the treatment response contrasts with
findings from other studies. For instance, research by Wickre-
masinghe et al. (2011) and Bakbak et al. (2016) reported that
the APOE €4 allele was linked to better visual outcomes fol-
lowing anti-VEGF treatment. The disparity between our results
and those in the literature could be attributed to several factors.
The ethnic variation in APOE allele and genotype distribution
is well-documented, suggesting that the relationship between
APOE and AMD pathophysiology may be population-specific
(Ramadan et al., 2019).

Furthermore, the influence of ApoE might become ap-
parent only over a longer observation period or under different
treatment regimens, such as personalized dosing protocols,
as suggested by other authors. Another critical consideration
is the treatment initiation timeline. A significant delay often
exists between diagnosis and the start of therapy, which can
drastically diminish the potential for visual improvement
and might obscure underlying pharmacogenetic associations
(Kozhevnikova et al., 2023).
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The biological plausibility of ApoE’s role in AMD is
supported by its involvement in lipid metabolism. ApoE is
detected in drusen, the earliest hallmarks of AMD, and is
crucial for lipid transport across cell membranes, being highly
expressed by the retinal pigment epithelium (RPE) (Anderson
etal., 2001). Evidence from murine models indicates that the
€2 allele is associated with age-related accumulation of subreti-
nal phagocytes and exacerbated choroidal neovascularization,
while the €4 allele shows protective effects (Levy etal., 2015).
This aligns with population studies where the &4 allele often
confers a protective effect against AMD development, and g2
increases risk, a pattern consistent with our findings regarding
disease susceptibility (Adams et al., 2012).

APOE polymorphisms can influence treatment outcomes
in AMD patients. In patients with neovascular AMD, the
presence of the APOF €4 allele conferred significantly better
visual outcomes after anti-VEGF treatment (Wickremasinghe
et al., 2011). The results of a study by Bakbak et al. (2016)
also showed improvement of visual activity in AMD patients
carrying the €4 allele and indicated an association between
the €4 allele and visual improvement in AMD patients using
ranibizumab, whereas no association with treatment was ob-
served for the €2 allele.

Conclusion

Our study revealed a statistically significant association be-
tween the €2 allele of APOF and the development of neovas-
cular AMD in the Russian population of Western Siberia. No
association was found between A POE genotype and short-term
response to anti-VEGF therapy (after three intravitreal injec-
tions). Considering the rising prevalence of AMD, further phar-
macogenetic studies are essential to elucidate potential genetic
markers that could guide personalized treatment strategies.
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