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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Age-related macular degeneration (AMD) is a prevalent and vision
- threatening disease among the elderly. This review article focuses
on the latest understanding of its pathogenesis and the significant
treatment advances. In terms of pathogenesis, new research reveals
the complex interplay of genetic factors, such as complement pathway
gene mutations, oxidative stress, chronic inflammation, and abnormal
lipid metabolism in the development of AMD. The treatment landscape
has also witnessed remarkable progress, with anti-vascular endothelial
growth factor (VEGF) therapies revolutionizing the management of
wet AMD, and emerging treatments like gene therapy, complement
pathway inhibitors, and stem cell - based therapies showing great
potential for both wet and dry AMD. This article aims to provide a
comprehensive overview of these new insights and treatment options,
which may contribute to better clinical management and future research
directions for AMD.

Key words. Age-related macular degeneration, overview, clinical
management.

Introduction.

Age - related macular degeneration (AMD) is a progressive
neurodegenerative disease that primarily affects the macula, the central
part of the retina responsible for sharp, central vision. It is a leading
cause of severe visual impairment and blindness in individuals over
the age of 50 in developed countries [1]. As the global population
ages, the prevalence of AMD is expected to rise significantly, posing
a substantial public health burden. Understanding the pathogenesis
of AMD is crucial for the development of more effective treatment
strategies. In recent years, there have been significant advancements
in our understanding of the disease mechanisms, along with the
emergence of novel treatment modalities.

Pathogenesis of AMD.

Genetic Factors:

Genetic studies have identified numerous genetic variants associated
with AMD. Mutations in genes involved in the complement system,
such as complement factor H (CFH), factor B (BF), and complement
component 3 (C3), have been strongly linked to AMD risk [2]. The
Y402H polymorphism in the CFH gene is one of the most well -
studied genetic risk factors. This polymorphism reduces the ability of
CFH to bind to C - reactive protein and glycosaminoglycans, leading to
dysregulation of the alternative complement pathway. As a result, there
is over - activation of the complement system in the retina, causing
chronic inflammation and damage to the retinal pigment epithelium
(RPE) and choroid [3].

In addition to complement pathway genes, other genes like age -
related maculopathy susceptibility 2 (ARMS2) and high - temperature
requirement factor A1 (HTRA1) have also been associated with AMD.
The ARMS2/HTRAT1 locus on chromosome 10q26 is a major genetic
risk factor. Although the exact function of ARMS2 is still unclear,
HTRALI is a serine protease that may play a role in extracellular matrix
remodeling. Abnormal expression of HTRA1 can disrupt the normal
structure and function of the RPE - Bruch's membrane - choriocapillaris
complex, contributing to AMD development [4].
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Oxidative Stress:

Oxidative stress is considered a key factor in the pathogenesis of
AMD. The retina is highly susceptible to oxidative damage due to its
high oxygen consumption, abundant polyunsaturated fatty acids, and
continuous exposure to light. With aging, the balance between reactive
oxygen species (ROS) production and antioxidant defense mechanisms
in the retina is disrupted. Mitochondrial dysfunction in RPE cells can
lead to increased ROS generation. Excessive ROS can oxidize lipids,
proteins, and DNA in the RPE and photoreceptor cells, causing cell
damage and death [5].

Moreover, oxidative stress can up-regulate the expression of
pro - inflammatory cytokines and chemokines, further promoting
inflammation in the retina. Oxidized lipoproteins can accumulate in
Bruch's membrane, forming drusen - like deposits. These deposits can
interfere with the normal exchange of nutrients and waste products
between the RPE and the choriocapillaris, ultimately leading to RPE
atrophy and the development of AMD [6].

Chronic Inflammation:

Chronic inflammation is an important feature of AMD. The activation
of the complement system, as mentioned above, is a major contributor
to the inflammatory response in the retina. In addition to complement
activation, there is also an increase in the expression of other
inflammatory mediators such as interleukin-6 (IL-6), interleukin-8 (IL-
8), and tumor necrosis factor-o. (TNF-a) in the eyes of AMD patients
[71.

Infiltration of immune cells, including macrophages and T
lymphocytes, into the retina and choroid has been observed in AMD.
Macrophages can phagocytose debris and apoptotic cells, but in the
context of AMD, they may also secrete pro - inflammatory cytokines
and contribute to tissue damage. T lymphocytes can recognize and
attack self-antigens in the retina, leading to an autoimmune - like
response that further exacerbates inflammation and tissue destruction
[8].

Abnormal Lipid Metabolism:

Recent research has highlighted the role of abnormal lipid metabolism
in AMD pathogenesis. Lipid deposits are a characteristic feature of
AMD, and drusen contain a variety of lipids, including cholesterol
esters, triglycerides, and phospholipids. Abnormalities in lipid transport
and metabolism genes, such as apolipoprotein E (APOE), have been
associated with an increased risk of AMD.

APOE plays a crucial role in lipid transport and clearance. Different
APOE isoforms (APOE2, APOE3, and APOE4) have different affinities
for lipoprotein receptors. The APOE4 allele is associated with a higher
risk of AMD, as it may lead to impaired lipid clearance and increased
lipid accumulation in the retina. Additionally, dysregulation of lipid
metabolism can lead to the formation of oxidized lipids, which can
trigger oxidative stress and inflammation in the retina [9].

Treatment Advances of AMD.

Anti - VEGF Therapies for Wet AMD:

Wet AMD is characterized by the growth of abnormal blood vessels
(choroidal neovascularization-CNV) under the retina, which can leak
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blood and fluid, causing rapid vision loss. Anti-vascular endothelial
growth factor (VEGF) therapies have revolutionized the treatment
of wet AMD. VEGEF is a key factor in promoting angiogenesis, and
blocking its activity can inhibit the growth and leakage of CNV.

Currently, several anti-VEGF drugs are available, including
ranibizumab (Lucentis), bevacizumab (Avastin), aflibercept (Eylea),
and faricimab (Vabysmo). Ranibizumab is a humanized monoclonal
antibody fragment that specifically binds to all active isoforms of
VEGF - A. Bevacizumab is a full - length monoclonal antibody
originally developed for cancer treatment but is also widely used off
- label for wet AMD. Aflibercept is a recombinant fusion protein that
binds to VEGF-A, VEGF-B, and placental growth factor (PIGF) with
high affinity [10].

Faricimab is a novel bispecific antibody that targets both VEGF-A and
angiopoietin-2 (Ang-2). By blocking these two key pathways involved
in angiogenesis and vascular permeability, faricimab has shown the
potential to provide longer - lasting efficacy compared to traditional
anti-VEGF monotherapies. Clinical trials have demonstrated that anti-
VEGF therapies can stabilize or improve vision in the majority of wet
AMD patients. However, they require regular intravitreal injections,
which can be inconvenient for patients and may be associated with
risks such as endophthalmitis and retinal detachment [11].

Gene Therapy:

Gene therapy holds great promise for the treatment of AMD. One
approach is to deliver genes encoding anti-VEGF proteins to the retina
using viral vectors. For example, adeno - associated virus (AAV)
vectors can be used to transfer the gene for a soluble VEGF receptor
or an anti-VEGF antibody into RPE cells. Once transfected, these cells
can continuously produce anti-VEGF proteins, providing a long - term
solution to inhibit CNV growth in wet AMD.

Another gene - therapy approach is to correct genetic mutations
associated with AMD. For example, in cases where AMD is caused
by mutations in genes like CFH, gene - editing technologies such as
CRISPR - Cas9 could potentially be used to correct the mutations in the
relevant cells. Although gene therapy is still in the experimental stage,
early results from pre - clinical and clinical trials are encouraging, and
it may offer a more definitive treatment option in the future [12].

Complement Pathway Inhibitors for Dry AMD:

Dry AMD, which accounts for about 80-90% of all AMD cases, is
characterized by the presence of drusen and progressive atrophy of the
RPE and photoreceptor cells. Currently, there is no cure for dry AMD,
but recent research has focused on targeting the complement pathway,
which plays a crucial role in its pathogenesis.

Pegcetacoplan (Syfovre) and avacincaptad pegol (Izervay) are two
complement pathway inhibitors that have been approved for the
treatment of dry AMD with geographic atrophy. Pegcetacoplan targets
the C3 complement protein, while avacincaptad pegol inhibits the
C5 complement protein. By blocking these key components of the
complement cascade, these drugs can reduce the chronic inflammation
and tissue damage associated with dry AMD. Clinical trials have
shown that these drugs can slow down the progression of geographic
atrophy, although they do not improve vision directly [13].

Stem Cell - Based Therapies:

Stem cell - based therapies are emerging as a potential treatment for
AMD. The goal is to replace the damaged RPE cells with healthy cells
derived from stem cells. Embryonic stem cells (ESCs), induced pluripotent
stem cells (iPSCs), and adult stem cells, such as mesenchymal stem cells
(MSCs), have all been investigated for this purpose.

ESCs and iPSCs can be differentiated into RPE - like cells in vitro and
then transplanted into the retina. These transplanted cells may be able to
integrate into the existing retinal tissue, replace the dysfunctional RPE
cells, and restore normal retinal function. MSCs, on the other hand,
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may exert their therapeutic effects through immunomodulation and
secretion of growth factors that promote tissue repair and regeneration.
Although there are still many challenges to overcome, such as ensuring
the safety and long - term survival of transplanted cells, stem cell-
based therapies offer new hope for AMD patients, especially those with
advanced disease [14].

Conclusion.

The pathogenesis of AMD is a complex process involving multiple
factors, including genetic mutations, oxidative stress, chronic
inflammation, and abnormal lipid metabolism. Our understanding of
these mechanisms has significantly advanced in recent years, which has
led to the development of novel and more effective treatment strategies.
Anti - VEGF therapies have transformed the management of wet
AMD, and new drugs with longer - lasting efficacy are emerging. For
dry AMD, complement pathway inhibitors offer the potential to slow
disease progression, and stem cell - based therapies and gene therapy
hold great promise for the future. However, more research is needed
to optimize these treatment modalities, improve patient outcomes, and
ultimately find a cure for AMD. Future studies should also focus on
early diagnosis and prevention strategies to reduce the burden of this
devastating disease on the aging population.
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