EAAHNIKH AHMOKPATIA

EQvikov kot Kamwodictpltokov

<, [Havemotqpiov Adnvov
[APY®EN TO 1837

EONIKO KAI KAITIOAIXTPIAKO ITANEINIXTHMIO
AOHNQN
XXOAH EHIXTHMON YI'EIAX
IATPIKH XXOAH

B’ ITANEHNIETHMIAKH O®OAAMOAOI'TKH KAINIKH
ArevOvovtic: Kadnynmic llovayiotg I'. ®£0d061301¢

I'ENETIKH MEAETH AXQENQN ME
AIIO®PPAEH ®AEBAX
AMOIBAHXTPOEIAOYX

ANTONIOX PATKOYXHX
O@Baiuiatpog

AIAAKTOPIKH ATATPIBH

AOHNA
IOYAIOX 2024



H éyxpion ddaxtopikng dwatpipng amd v latpikn ZyoAn tov EOvikov kat
Komodiotprakov [Tavemomnpiov ABnvov dev vmodnAdveL 6Tt AmodEYETAL TIG YVAOUES

10V ovyypaeéa (Nopog 5343/1932, Apbpo 202, Iapdypapog 2)



Hpepounvia vroPoiig aitnong yio opiopé cvpPovievTIKG ETLTPOTIG KOl EKTOVIION
o axTopukg owatpiprg: 09/03/2020
Hpepounvia opiopod tpipuehov ovoppovievtikig emrpomis: 20/05/2020

Méin Tpuerog COPUPOVAEVTIKNG EMTPOTNG:

1. Eipnvn Xat{npdriin (EmPrénovca), Avarinpotpio Kabnynirpio Opboiporoyiog, lotpikn
Yyo\n, EBviko ko Kamodiotpiaxo [avemompio AOnvov

2. Hovaywwtng Oeodoociadng, Kabnyntme OeBoiporoyiog, latpucny XyoAdn, Efvikd xon
Kamodiotprokod [avemiotipo Abnvaov

3. HAlog 'ewpydiag, Kabnyntig OpBaiporoyiag, latpuc Xyoin, EOvikd kot Kamodiotproxd

Hovemomuo Adnvav

Hpepopnvio opiopov 0épatog soaktopikig owatpifiis: 28/07/2020
Hpepounvia 1ng wpoddov sdaxtopikig drarpifig: 28/05/2021
Hpegpounvia 21ng Tpoddov drdaxtopikig dtarpific: 10/06/2022
Hpepopnvia 3ng Tpoddov droaxtopikig owwTpific: 21/07/2023
Hpepounvio opiopov ertaperovg eEetaotikig empomig: 26/07/2024
Hpepounvia vrootipiéng d1daxtopikiig owotpipng: 11/09/2024
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1. Eipnvn Xot{npdAiin (EmPrénovoa), Avarinpotpio Kabnynirpio Opboiporoyiog, lotpikn
Yyo\n, EBviko ko Kamodiotpiaxo [avemompio AOnvov

2. Hovaywwtng Oeodociddng, Kabnynte OebBoiporoyiog, latpucny Xyodn, E6vikd xon
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3. HMog Fewpydroc, Kadnyntig Oebaiporoyiog, latpikn Zxodn, EOviko ko Kamodiotpiaxod
Hovemomuo Adnvav
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latpwn Zyodn, EOviké ko Kamodiotprokod Ilavemiotiuo AdBnvav

5. Kovortavtivog Apovtoag, Avaminpotig Kabnyntmg Oebaiporoyiog, lotpikny ZyoAn,
EBviké ko Kamodiotprowo Iavemotpo Adnvav

6. Ilétpoc Ilétpov, Emikovpog Kabnyntig Oeboipodroyiag, latpikr Zyoin, EBvikd kou
Kamodiotprokod Iavemiotipo AGnvov

7. Xpnotog Kpovnng, Kabnyntme Kivikne Broynuelag-latpunig Xnueiag, latpikn ZyoAn,

EBviké ko Koamodiotprowo Ioavemotpo Adnvav
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OPKOX IIIIIOKPATOYX

"Opxilopot otov ATdéAAwva tov latpd kot otov Ackinmd kot otnv Yyeio Kot otV
TOVAKELD KoL G~ OAOVG TOVG Bg0V¢ EMKAAOVUEVOS TNV LOPTLPLO TOVGS, VO THPNO® TLOTA
Katd T dvvaun kot v Kpion pov ovtd Tov OpKo Kot T0 GVUPOANd pov avtd. Na
Bewpd avTdV TOL POV didae avTh TNV TEYVN {00 LE TOVG YOVEIG OV KO VO, LOIPACTM
podi pov o LTEPYOVTA LoV KoL TO XPHHOTA LoV oV £XEL AVAYKT PPOVTIONGC.

Noa Bewpd T0VG 0moYOVOUG TOV 1G0VG HE T  AdEAPLA OV Kot VA TOVG SIE® TNV TEXVN
avt ov Bélovv va ) pabovv, ywpic apolPn kot cuouPorolo Kot vo HETOOMOM UE
TapayyeAieg, odnyieg Kot GUUPOVAEG OAN TV VTOAOITN YVMOGT HOV KOt GTO TTOUOLH LoV
Kol oTo Todld eketvov pe didae kol 6Toug AAAOLS HABNTES TOL £XOVV KAVEL YPOTTH
ocvpeovio pali pov kol ¢° aVTOLG TOL £YOVV OpKIcHEl GTOV 1TPIKO VOUO Kol GE
KAvEVOY GALO Kot vo 0Epamed® TOVG TAGYOVTEG KOTA TN SUVOUN OV KoL TNV Kpion LoV
Yopic TOTE, EKOVGIMS, Vo TOLG PAAY® N va Tovg adtknom. Kat va un ddow moté oe
Kavéva, £6T® KL av pov 1o {ntnoet, Bovatneopo eappako, o0Te vo 0O TOTE TETOLN
oupupovin. Opoiwg vo un d®o® moté oe yuvaika @apuako ywo v amofdiet. Na
dtnpnom dg ™ o1 pov kot TNy téxvn Hov kabapn kot ayvr. Kot va pun xeypovpynom
ndoyovieg and AMBovg oAAG V' apnow® TV TPAEN vt Yo Tovg ekove. Kat 6™ omota
OTTIOL KL OV LTI, VO UTTM Y10, TV OQEAELN TOV TOGYKOVIMV OTOPEVYOVTAS KAOE EKOVGLN
adtkio kot BAGPN kot kdbe yevetnolo TpaEn Kot e yovaikeg Kot Pe avopes, ELeBepovg
Kot 000A0VG. Kat 6,11 0w 1 akoVo® KATd TNV AGKNOT| TOL EXOYYEALATOS OV, 1] KL EKTOG,
v ) {on TV avOpoOT®V, Tov dev TPEMEL TOTE VoL KOWOTo0el, Vo ClOTTHoM Kol Vo,
TO TNPNO® HVUOTIKO. AV TOV OPKO OV 0VTO THNPNO® TIGTA KoL OV TOV afeTow, £10e v’
ATOAOVG® YL TAVTA TNV EKTIUNOT OA®V TOV avOpOT®V Yoo T (N Hov Kot Yo TV
TEYVN LOV, OV OU®G Tapafd Kot afETHo® TOV OPKO OV VO VTOGT® Ta. ovTifeTo amd

Al

avta .

I[Inyn: Iotétomog latpikng Zyxoing E6vikod kot Kamodiotprokov IMovemotnuiov
AbBnvav (https://school.med.uoa.gr/tmima/orkoi/)
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BIOI'PA®IKO XHMEIQMA

HHPOXQIIIKA XTOIXEIA

Ovopatenovopo: Aviaviog Paykodong

Huegpounvia yévvnonge: 22/10/1991

E-mail: tonyragou@gmail.com , tonyragou@med.uoa.gr, antonios.ragkousis@nhs.net

XIIOYAEX

XentéuPprog 2010 — Iovhog 2016: Iruyio latpikng, latpikn Zyoin EOvikov &

Komodiotprokov [Tavemompiov ABnvav

BaBuog IMruyiov: Apiota (8.64/10)

XentéuPprog 2017 — NoéuBprog 2019: Metamtuyiaxo mpdypappa «lotpikn

ansikovion otny OpBaiporoyion, latpun Zyoin Anpokpiteiov [ovemotpiov
Opdxng

BaBpog IMruyiov: Apiota (9.47/10)

ANy vrotpogiog Adym g vynAotepng fadroroyiog petald Tmv eortnTodv (TPMTOG

oV Katdraln).

EITATTEAMATIKH EMIIEIPIA

XentéuPprog 2016 — lavovdprog 2017: Metamtuylakdg VIGTPOPOG 1 TPdS TOV

[Mpoypdppatog Metekmadevtikng [paktiknig Acknong latpadv «Avopéag
ByevomovAiogy oty OeBaiporoyikn khvikn tov vocokopeiov YIEIA

Defpovdprog 2017 — XenmtéuPprog 2017: Aypotikog wtpdg oto I1.I. Mmiov — K.Y,
YToAidag

XentéuPprog 2017 — Avyovotog 2021: Eidikevdpevog opBaipiotpog 610 VOGOKOLELD

EpvBpdg Zravpdc “Kopyrorévelo-Mnevakeo” otnv Adnva
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mailto:antonios.ragkousis@nhs.net

Avyovctog 2021 — lavovdpilog 2022: Aypotkog wtpoc oto K.Y. ITdpov

Defpovaprog 2022 — Pefpovdprog 2023: Medical Retina Fellow, Liverpool

University Hospitals NHS Foundation Trust, AifeprovA, Hvouévo Baciieo

Méptiog 2023 — AskéuPprog 2023: Senior Medical Retina Fellow, University Hospital

Southampton NHS Foundation Trust, aovBduntov, Hvopévo Baciielo

AexéuPproc 2023 - onuepa: Medical Retina Fellow, Moorfields Eye Hospital, NHS

Foundation Trust, Aovdivo, Hvouévo Baciielo

AAEIA AYKHXEQY EITAITTEAMATOX - TITAOX
EIAIKOTHTAX

Adewn Aoknong latpikov Enayyélpatoc: Tepipépeta Attikng, AtehBvvon Anudciog
Yyelag ko Kowovikng Mépyuvag ILE. Avtikod Topéa A.IL. 5295/26-07-2026

Tithoc latpikng Ewdwodtntog oty OeBoiporoyia: ITaveddnviog latpikdg OAAoyog
A.I1. 2430/05-04-2023

EBO Diploma: European Board of Ophthalmology (EBO) Diploma Examination May
2022

EENOTI'AQXYXEYX AHMOXIEYXEIX XE ITEPIOAIKA ME KPITEX
ENTOX PUBMED

1. Ragkousis A, Kazantzis D, Georgalas I, Theodossiadis P, Kroupis C, Chatziralli I.
PONI1, APOE and SDF-1 Gene Polymorphisms and Risk of Retinal Vein
Occlusion: A Case-Control Study. Genes. 2024;15(6):712.

2. Ragkousis A, Kazantzis D, Georgalas I, Theodossiadis P, Kroupis C, Chatziralli I.
Association of PON1, APOE and SDF-1 Gene Polymorphisms with Treatment



Response to Intravitreal Anti-VEGF Treatment in Patients with Retinal Vein

Occlusion. Seminars in Ophthalmology. 2024;39(3):201-208.

3. Ragkousis A, Kozobolis V, Kabanarou S, et al. Vessel Density around Foveal
Avascular Zone as a Potential Imaging Biomarker for Detecting Preclinical
Diabetic Retinopathy: An Optical Coherence Tomography Angiography Study.
Seminars in Ophthalmology. 2020 Aug 17;35(5-6):316-323.

4. Ragkousis A, Xirou T, Bontzos G, Gkoumas E, Kontou E. Bilateral Anterior
Ischaemic Optic Neuropathy as First Manifestation of Henoch-Schonlein Purpura

(IgA Vasculitis). Mediterranean Journal of Rheumatology. 2021;32(1):81-85.

5. Mangouritsas G, Koutropoulou N, Ragkousis A, Boutouri E, Diagourtas A.
Peripapillary Vessel Density In Unilateral Preperimetric Glaucoma. Clinical

Ophthalmology. 2019;Volume 13:2511-2519.

6. Bontzos G, Kabanarou SA, Gkizis I, Ragkousis A, Xirou T, Peto T. Retinal
neurodegeneration, macular circulation and morphology of the foveal avascular

zone in diabetic patients: quantitative cross-sectional study using OCT-A. Acta

Ophthalmologica. 2021 Nov;99(7):e1135-e1140.

7. Kontou E, Bontzos G, Triantafyllou D, Garnavou-Xirou C, Ragkousis A, Xirou T.
Conservative management of streptococcal necrotizing periorbital fasciitis

following primary VZV infection. I/ Giornale di Chirurgia. 2020;41(1):114-117.

XYMMETOXH XE EINIXTHMONIKEX XYNANTHXEIX
IMPO®OPIKEX ANAKOINQXEIX XE XYNEAPIA

1. A.Ragkousis, T. Xirou, E. Gkoumas, D. Alonistiotis, P. Bitza, S. Kabanarou, C.
Kourvelou, A. Bechli, E. Kontou.
“Bilateral anterior ischaemic optic neuropathy with macular star as first

manifestation of Henoch-Schonlein purpura (IgA vasculitis)” (10" Panhellenic



Congress of Ocular Inflammations and Infections, ®@sscalovikn, 30 Nogufpiov —
2 Agkepfpiov 2018)

A. Ragkousis, V. Kozobolis, S. Kabanarou, G. Bontzos, G. Mangouritsas, I.
Iliopoulos, I. Chatziralli

“Qualitative and quantitative analysis of retinal vasculature in patients with
diabetes mellitus using optical coherence tomography angiography” (15" Annual
Congress of Greek Retina and Vitreous Society, GVRS, Méyapo Movciknig
Abnvav, Adnva, 30 Iavovapiov — 01 Defpovapiov 2020)

A. Ragkousis, S. Kabanarou, G. Bontzos, G. Mangouritsas, I. Chatziralli
“Hyperreflective foci in diabetic patients without diabetic retinopathy or with mild
non-proliferative diabetic retinopathy” (16" Annual Congress of Greek Retina and
Vitreous Society, GVRS, Méyapo Movcikng Adnvav, Admva, 28-30 Iavovapiov
2021)

Mamareli V., Smoustopoulos G., Ragkousis A., Bontzos G., Gkizis I., Xirou T.,
Mangouritsas G., Kabanarou S.

“Long-standing Leber’s hereditary optic neuropathy: A case report on response to
idebenone treatment” (16 Annual Congress of Greek Retina and Vitreous

Society, GVRS, Méyapo Movoikng Adnvav, Adnva, 28-30 Tavovapiov 2021)

ANAPTHMENEX ANAKOINQXEIX XE XYNEAPIA

1.

Garvanou-Xirou C, Vasileias D, Boutouri E, Tsamis D, Ragkousis A, Gkizis I,
Anastasakis A, Terzidou C, Kabanarou S

“Diagnosis of pattern dystrophy in a case with multiple sclerosis (MS) on
fingolimod (Gilenya) treatment and progressive dyschromatopsia” (EVER 2018
Congress, Nikatwo I'oAAiag, 4-6 Oktofpiov 2018)

G. Bontzos, A. Ragkousis, D. Triantafyllou, E. Kontou, S. Kabanarou, E.
Chatzispasou

“Retrospective review of patients with ocular inflammation associated with
systemic disease” (10th Panhellenic Congress of Ocular Inflammations and

Infections, ®ecoaiovikn, 30 NoeguPpiov — 2 Askepfpiov 2018)

3. A. Ragkousis, G. Mangouritsas, N. Koutropoulou, E. Boutouri, I. Armenis
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“Peripapillary vessel density in eyes with preperimetric glaucoma” (23 ESCRS
Winter Meeting, A0fva, 15-17 ®gfpovapiov 2019)

. Bontzos, T. Xirou, D. Triantafyllou, A. Ragkousis, E. Kontou

“Conservative management of streptococcal necrotizing periorbital fasciitis
following primary VZV infection” (52° [TaveAAvio O@Baiporoyikd Zovédpro,
Abnva, 6-8 Tovviov 2019)

. A. Ragkousis, V. Kozobolis, S. Kabanarou, G. Bontzos, G. Mangouritsas, I.
Heliopoulos, I. Chatziralli

“Vessel density in a width of 300 um around foveal avascular zone (FD-300) as a
potential imaging biomarker for detecting preclinical diabetic retinopathy using
optical coherence tomography angiography” (EURETINA 2020 Virtual, 2-4
Oxtwppiov 2020)

G. Bontzos, S.A. Kabanarou, 1. Gkizis, A. Ragkousis, T. Xirou, T. Peto

“Retinal Neurodegeneration, Macular Circulation and Morphology of the Foveal
Avascular Zone in Diabetic Patients. Quantitative Cross-Sectional Study Using
OCT-A” (30"Meeting of the European Association for the Study of Diabetes Eye
Complications Study Group, EASDec, Bapkeidvn, lonavia, Virtual Meeting, 5-6
Noepfpiov 2020)

. A. Ragkousis E. Gkoumas, S. Kyriazi, A. Papadopoulos, N. Koutropoulou, E.
Boutouri, G. Mangouritsas

“Vascular and structural findings in unaffected fellow eyes of patients with
unilateral primary open angle glaucoma using optical coherence tomography
angiography” (OCT & RETINA Forum 2021, 9-23 Anpikiov 2021)

. Ragkousis Antonios, Kroupis Christos, Kazantzis Dimitrios, Georgalas Ilias,
Theodossiadis Panagiotis, Chatziralli Irini

“PON1 L55M SNP as a promising genetic biomarker for predicting response to
anti-VEGF treatment” (10" EURETINA Winter Meeting, Bilviovc, Ai0ovovia,
11 Maptiov 2023)

. Ragkousis Antonios, Kroupis Christos, Kazantzis Dimitrios, Georgalas Ilias,
Theodossiadis Panagiotis, Chatziralli Irini

“PON1 Q192R genetic polymorphism associated with the risk of retinal vein
occlusion” (24" EURETINA Congress, Bopkeldvn. 19-22 Zentepfpiov 2024)

11



IMTAPAKOAOYO®HXH XYNEAPIQN

1.

10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.
21.

12" Congress of International Society of Dacryology & Dry Eye, Zdmneto,
ABMva, 5-7 OxtoPpiov 2017

OpBaArpdpapa 2017, Nocokopeio Eppikog Ntovav, Anva, 4 Noguppiov 2017
13" Annual Congress of Greek Retina and Vitreous Society (GVRS), A0fva, 8-10
dePpovapiov 2018

32" International Congress of Hellenic Society of Intraocular Implant and
Refractive Surgery (HSIOIRS), Adnva, 1-4 Maptiov 2018

9th Annual Congress on Controversies Ophthalmology: Europe (COPHy EU),
Abnva, 22-24 Moprtiov 2018

24" Glaucoma congress of Hellenic Glaucoma Society, A09va, 10-12 Moiov 2018
18" EURETINA congress, Biévvn, Avotpia, 20-23 Zentepfpiov 2018

36 ESCRS congress, Biévvn, Avotpia, 22-26 Tenteuppiov 2018

10" Panhellenic Congress of Ocular Inflammations and Infections, ®eccaiovixn,
30 Nogpppiov — 2 Aekepfpiov 2018

14™ Annual Congress of Greek Retina and Vitreous Society (GVRS), A0nva, 24-
26 lavovapiov 2019

23 ESCRS Winter Meeting, A0fva, 15-17 ®ePpovapiov 2019

25" Glaucoma congress of Hellenic Glaucoma Society, A0fva, 11-13 Ampidiov
2019

52° TTaveAAnvio OeBaiporoykd Xuvédpilo, ABnva, 6-8 Iovviov 2019

It Hellenic Ocular Surface and Dry Eye Society Congress, A0nva, 29-30
Noepppiov 2019

15" Annual Congress of Greek Retina and Vitreous Society (GVRS), A6yva, 30
Iavovapiov — 1 @efpovapiov 2020

EURETINA 2020 Virtual, 2-4 OktoBpiov 2020

16™ Annual Congress of Greek Retina and Vitreous Society (GVRS) Virtual, 28-
30 Iavovapiov 2021

EURETINA 2021 Virtual, 9-12 Zentepppiov 2021

11" Panhellenic Congress of Ocular Inflammations and Infections Virtual, 3-5
AgxepBpiov 2021

EURETINA 2022, Appovpyo, 'eppavia, 1-4 Zentepfpiov 2022

FLORetina 2022, Poun, ItaAia, 8-11 Askepfpiov 2022

12



22. 10" EURETINA Winter Meeting, Bilviovg, Atdovavia, 11 Maptiov 2023

23. EURETINA 2023, Apoctepvrap, OAlovdia, 5-8 Oktmppiov 2023

24, American Academy of Ophthalmology (AAO) Annual Meeting 2023, Zav
®paveoicko, HITA, 3-6 Noeufpiov 2023

25. 28" Glaucoma Congress of Greek Glaucoma Society, AOfva, 11-13 Axpidiov 2024

MMAPAKOAOY®HXIH EKITAIAEYTIKQN ITPOTPAMMATQN
(COURSES)

1. ATLS (Advanced Trauma Life Support) Course oto Kévtpo 'Epsvvag kot
Exnaidevong «Zovkdkog» tov II'N ATTIKON, o11g 9-10 XentepPpiov 2016,
pe motomoinon and 1o American College of Surgeons.

2. BLS (Basic Life Support) Course v 1t dopyavoon tng EAAnvikng Etoupeiog
Enciyovoag IIpovocoxopeioxnc ®Ppovtidag ot Aapio, otig 6 Maiov 2017, pe
moTonoinon and to European Resuscitation Council.

3. 14" EGS European Glaucoma Residents’ Course, AtscaBova, IToptoyahia,
18-19 ZemtepPpiov 2020

4. Moorfields Eye Hospital Laser Simulation Course, Aovdivo, Hvopévo
Bowoiketo, 8 Iovviov 2024

5. Moorfields International Uveitis Symposium, Aovdivo, Hvopévo BaciAeto,

11- 13 IovAiov 2024
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EYXAPIXTIEX

Apyid 8o Bera va evyaptotom Bepud v emiPAémovca g S10aKTOPIKNG dStoTpipng,
Avaminpatpia Kadnyntpia Opbaiporoyiog ko Eiprvn XatinpdAin, wov pe tipnoce pe
™ SVVATOTNTO TOV HOV £3MGE VO, EKTOVIO® TNV TALPOVGO. SIO0KTOPIKT

dwTpiPn], Kot yw T ovveyny ¢ ompign, Kabodnynon Kol EUMIGTOGUVY] KOTd TN
SLAPKELLL TNG CLALOYNG Kol AVAALGONG TOV SEGOUEVOV KoL TNG CLYYPAPNG TNG OALTPIPNG.
Xwpig ) Ponbeta g, n Tapovoa dtatpiPn dev Oa giye mpaypotomomOeti.

[dwaitepeg evyapiotieg opeidm otov Kabnyntm Kiwikng Bloynueiog-latpuig Xnueiog
K. Xpfoto Kpovmn yioa v ocvveyn tov gvBdppuvor, v Kabodnynon tov kot tnv
moAOTIUN Ponbeld Tov otV OpYAVMOT KOl OAOKANP®OOTN TNG YOVOTOTNONG TMV
ONUEWKADV LETAAAAEE®V GTO EPYACTNPIO.

Oa NBera Vo eKEPACH TIG ELMKPIVELG OV EVYOPIOTIEC OTO VITOAOITO dVO HEAN TNG
Tperots emtpomng tov Kabnynt Oebaiporoyiog k. ITavayudtn @codocidon Kot tov
Koafnynm OeBaiporoyiog k. HAio Tewpydia yio v mapoakoiovdnon g mpoddov
™G TopoVcag SOAKTOPIKNG STPIPNg KaBMdS Kot Yo TIg ¥PNOLES GLUPBOVAELG Kot
odnyieg Tovg.

Emiong, euyoapiotd moAdd tov cuvadehpo Anuntpro Kalavtln yio 6An v fonrbeia

01N GLALOYY| TOV LAKOV NG dtaTpPc.

Téhog, opeil® evyvopocHVI 6TOVG YOVEIG oV Yo TV MO 6TNPIEN TOV LoV EYOVV
TPOCPEPEL EOC TOPO KL EVYOUOL 1] OLOKANP®GN TNG SATPIPNS OV VoL Evat ol pikpn

avTomddoom Yo 0G0 £X0VV KAVEL Kot cLveXILovY Vo KAVouv Yo Léva.
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IHPOAOI'OX

H andppatn eAéBog tov apeipAnctpogdotg (retinal vein occlusion, RVO)
elvar M dgbtepn MO GLYVN OayYEWKN SlTOPAY] TOV OUEPANGTPOES0VS HETA TN
dwfntiky apeipinotpocdonddeie. H RVO pmopel vo TPoKOAEGEL OMUOVTIKY
dwtapayn ™S O6pacng AGY® CYNUOTICUOD OWNUATOG OXPAS KNALdAG, toyopiog 1
veoayyeimong. XvyKekpiuéva, M 1oTIkn vro&ion kot 1 oyyelokn PAAPN mpokaAovv
QAEYHOVT], 0EEWDMTIKO GTPEG KO TAPOYWYT KUTOKIVAOV LE TOV OYYEWKO £vO0ONALoKO
avéntikd mopdyovta (vascular endothelial growth factor, VEGF) va eivar o mo
ONUOVTIKOG TopdyovTag Tov 0dNyel 6TV avAmTTLEN 001 LLOTOG TNG WYPAS KNAIDOS LEGH
ALENUEVNG QLY YELKNG O10TEPATOTNTOG,

H artionaBoyéveon g RVO etvar molvmapayovtikn ko facileton kupimg oty
Tprado Tov Virchow, mov amoteAeital amd apodvvapukés aArlayés (eAefikn otdon),
ayyswok evoodniiokn PAAPN kot vrepmnkTikétnTo. H nhwcio etvon vag onpovtikog
Tapdyovtag Kivovvov, ®otdco, 1 RVO umopel va epgaviotel kol ce vedTEPOLS
acBeveic. 'Exovv avayvopiotel 5169opot GLGTNUOTIKOL TOPAYOVTIES KIVOUVOL OGS M
VIEPTOOT), 1 SLGAMTISALIO KOl 0 GOKYOPDOONS dafNTNG Tov BempPobvTal Amd TOVG Lo
onpoavtikovg. Emmiéov, televtaia kdmoleg HEAETES Exovv avadeiEeL T GLGYETION TNG
ndonong pe yovidlakoOs TOAVHOPPIOUOVS, 7oL  avEAvovV Tov  Kivouvo  evog
OpoppwtiKod enelcodiov, e AVTIKPOVOUEVO OGTOGO OTOTEAEGLLOTAL.

O1 eyyvoelg evdobaroedikamv anti-VEGF mopayoviov eivon 1 «gold standardy
Bepameio Tov 01N UATOG ®YPAS KNALdaG 6TV RV O, AOy® TG 0MOTEAEGLATIKOTNTOG KOl
™G AoQAAEG OV TapEYovV. QoT1dcG0, £va VITOAOYIGIHO TOC00TO TV acOevdv
EUPAVICEL «UEPIKN» 1 «KOUIO OVTATOKPIOT GTOLG EVOODAAOEIIIKOVG TOPpAyoVTES anti-
VEGF, éyovtag emiong TOAAATAES VTOTPOTES TOV OONUATOG.

Me Bdon ta mopamdve, GKOTOG TNG TAPOLGAS S1OAKTOPIKNG dlaTpiPng eival va
dlepeuvioet v mBavl  GLOYKETION  TMEVIE  LLOVOVOUKAEOTIOKAV  YEVETIKMV
noivpopeicpumv (single nucleotide polymorphisms — SNPs) and tpia dwapopetikd
yovidwa mov oyetilovtal pe To 0EEWMTIKO OTPEG Kot T GAEYUOVY| [arolitorpweivy E
(APOE), mapoolovaon 1 (PONI) kou mapayovias 1 mov mpospyetor omo oTpmuotia
xkotropa (SDF-1)] pe v omdepan oAEPag apEPANCTPOEIdOVE G  EAANVIKO

ninBvopd. Emnpdcbeta, va alohoynel n cuoy£Tion Tov YOVOTLTTOV LE TV OVOTOMIKT
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KOl AELITOVPYIKN avTamokplon otn Oepomeio pe evdobaroedikég eyyvoelg anti-VEGF

napayovTev, 1 onoia oev giye pelet el £og Tdpa.
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2YNTOMOI' PA®IEX

RVO: Retinal vein occlusion, Amoepacn eAEpac apgiBAncTpoeldons
CRVO: Central retinal vein occlusion, Atdé@paén kevtpiknig eAEPag
AUEPANGTPOEIOOVC

BRVO: Branch retinal vein occlusion, Awoppaén kAadov pAEPag
AUEPANGTPOEIOOVC

HRVO: Hemiretinal vein occlusion, Huopgipinotpoeidikn andepaén
QAEPOG apEIPANGTPOEIOOVC

OCT: Optical coherence tomography, Otk TOpOYPAPi0t GLVOYNG
OCT-A: Optical coherence tomography-angiography, Ayygloypo@io omTikng
TOLOYPAPIOG GLVOYNG

CMO: Cystoid macular oedema, Kvotikd oidnua wypdc knAiidog

CST: Central subfield thickness, ITdyog kevtpikov vomediov

VEGF: Vascular endothelial growth factor, Ayystokog ovEnTikog
Tapdyovtog Tov evoodniiov

PCR-RLFP: Polymerase Chain Reaction — Restriction Fragment Length
Polymorphism

SNP: Single-nucleotide polymorphism, MovovoukAeoTidotkdg
TOAVLOPPIOUOG

APOE: Apolipoprotein E, AtoAmonpwteivn E

SDF-1: Stromal cell-derived factor 1, ITapdyovtag 1 mov mpoépyeton amod Ta
GTPOUATIKA KOTTOPO

PONI1: Paraoxonase 1, ITapao&ovéon 1
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KEDPAAAIO 1: TOIIOI'PA®IKH ANATOMIA THX QXPAX
KHAIAAX

H oyxpd niida ivor pio KoKAIKN €0g ®OEWNG TEPLoyn 6Tov omichio mdAo Tov
0QBOALOD, GTNV KPOTAPIKT) TAELPE TOVL OTTIKOV JICKOV, LE SLAUETPO TEpimov 5.5 mm.
Bpioketan petald twv 600 kiplov (dvo Kot KATm) KPOTAPIKOV oyYELK®V TOEWOV TOV
apePAnoTpocdovs. lotoroykd, yapaktnpileTot amd TV TOPOVGia TEPIGGOTEPOV OO
EVOC OTPOUATOV YOYYAMOK®OV KLTTOP®OV KOl omd TNV VYNAN GLYKEVIPWON OF
Aovteivn kot CealavOivn  (EovBoeOAdeg mOL GVAKOLV OTNV  KoTnyopio. T®V
KOPOTEVOEWMV YPOOTIKOV) Kol Mro@ovokivng. H oypd knAida etvar vehBovn yio v
VYNAIG-avdAvoNg Opacng, TNV AVTIANYN TOV XpOUATOV Kol EEVTNPETEL TIG KEVTIPIKESG
15-20° 1ov omtikov mediov. H wypd xniida ywpiletoar oto €€1g TOmOYpOPIKA-
avatopkd onpeia avagopds (Ewova 1) [1,2]:
= O oppardg (umbo) givar €va evtomopa dtoupétpov 150-200 um ko PBpioketon
010 KEVTPO Tov Pobpidiov. H vyniotepn cvykévipmon kwviov BpickeTal oTov
oueard. Koatd 1t PvBookdmnon, o opeards avtiotoryel omnv  pukpn
AVTOVAKANGT] POTOC 6TO KEVTPOL TOL fobpiov.

= To PoBpido (foveola) dwapopemdvel 10 KeVIpIKO £30.p0oG TOL Pobpiov, €xet
dugpetpo ~ 350 um kot amoterel (cvpmeptlapnPavorévon Tov OUPOAOD) TO
AENMTOTEPO HEPOVG TOL OUPPANGTPOEOOVS pe Tayog 150 um. To PoBpidio
AmOTEAEITOL OO TLKVMG GTOPAYIEVO KOVIO EVA AEITOVV TANPW®S TaL Yoy YAoK
KOTTOPO.

= H PoBpwn avéyyeiog Covn (foveal avascular zone, FAZ) mepilapfdaver to
BoBpidto ko ekteivetan Aiyo mo wépa. H axpiprig didperpog moikilel avdpeca
o€ vy atopa Kot cuviBog kopaivetor peta&d 400 um kon 500 um. H meproym
QT TPOPOJOTEITOL LEGM O18YVONG OO TOL YOPLOTPLYOEDN.

= To BoBpio (fovea - Ewdva 2) eivar Eva evidmmpo 610 KEVTPO TG @YPAG KNAIdaG
pe KAlon 22° kou amoteAeitan omd Aemtd mubuéva (to fobpidto) Kot moyvTEPOL
nepdmpra. H didpetpog tov Bobpiov givar 1500 um (rapdpota pe tov ontikd
dioko).

» H mapaPobpikn mepioyn (parafovea) ivar €vag daxtditog evpovg 0.5 mm mov

nepPdAlel To PobBpucd yeihoc. Xtnv meployn avty vapyovv 4-6 oTpOUOTL

YOYYAMOKOV KUTTAp®V Kot 1 €60 KOKKOONG otifdda mepthapfaver 7-11
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OTPAONOTO TUPNVOV TOV diToAmV Kuttdpov. H avaloyia kovia/pafdio oty

napaPobpikn meproyn sivorn 1:1.

H mepBobpikr) meproyn (perifovea) eivar évag daktoAlog €dpovg 1.5 mm

e€mtepicd ¢ mopafobPIKnG TEPLOYNG. TNV TEPLOYN QLT VILAPYOVY AryOTEPQL

OTPAOUOTO YOYYAUK®V KUTTAPOV KOl 1) £60 KOKKMONG oTIPdda teptiapfavel 6

OTPAOUOTO TUPNVOV TOV JITOA®V KLTTAP

nepPobpikn meproyn eivorn 1:2.

REGIONS OF THE MACULA (AREA CENTRALIS)

perifoveal
area

parafoveal
area

fovea

foveola

umbo

05 L (05
mm|0.35 mm|mm

1.5 mm

ov. H avaioyio kovio/papdio otnv

Ewéva 1. Tomoypagikd-ovatopkd onpeio avoeopds e oxpdg kniidog. Inyn: Yanoff M, S.Duker J.

Ophthalmology. 5th Edition. Elsevier; 2019.

Fovea

Nerve fibre layer —

Inner limiting
membrane

0,00 0 : .
3’5?33%%%030%0%0 = I— Ganglion cell layer
-] o ‘0
i —t— ° . o .
Inner plexiform layer +—— Retinal capillaries
o: D
Inner nuclear layer —{2s2558%2 %o 0 &
0 020°009 0% "0
00 e° = o
Outer plexiform o2 2 s
Henle) layer | o c ° 0o o c o
( b 96060 ©.00 ocooﬂoooooo"”\“ S Syisl el B atis e Ococnuco 000 00%0. Out |
- SNt gRisabion 000 0 L 00e 0t b e e et 00 &P 0855251+ Outer nuclear
External limiting | 035595 0383%85° 0 5 © $0:% 0 0 ° © 008050 %0°50222802¢% layer
membrane
f i | f i +— Rods and
llH“U H'H'L'J'H'Ul“".'ﬂ“ut" J““H U'H L'U'H'H“L""J'l" " | ' ' J'. L1 "L LU cones
RPE Helslsls[s]slslsTss]alels[s[]ele]elsTa s aTa]e]s|oTolo e e e Fopottetorvrororoeterers o o o o a[s s [s[s[a[a[s[s[s[s[s 315 [3]

Bruch membrane

== &= Choriocapillaris

Ewova 2. Bobfpio. IInyn: Bowling B. Kanski’s Clinical Ophthalmology. 8th Edition. Elsevier; 2016.
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KEDPAAAIO 2: IXTOAOI'IKH AOMH KAI AITEIQXH TOY
AMO®IBAHXTPOEIAOYX KAI TOY XOPIOEIAOYX

O apePANcTPoEdNG elval 0 VOOTOTOC OO TOVG TPELS YITOVESG TOL 0PHAALOD.
Amoteleitor and tov vevpoousOntnplokd (M Wiwg apeiPAnotposidn) kot and &va
e€OTEPIKO peAaypOUATIKO eMONA0, TO peAdyypovv emBnAo. O apEIPANGTPOEING
ovvdéetan eEmtepkd pe ™ pepPpavn tov Bruch kot ecwtepikd e 10 VOAOEES, EVD
Bploketon 6e GuVEKELD LE TO OTTTIKO VEVPO 0TG01mS, 6TO onpeio TG eE660V TV a&OVMV
TOV YOYYAMOK®OV KUTTApoV amd Tov oeBaAind (Eucova 3).

O vevpoasHnTplog apEIPANCTPOEWNG amotereitar amd TIG oKkOAovbeg
oTpddeg amd écm mpog ta £Ew [3,4]:

1. 'Ecw agpopiotikn pepPpdvn (internal limiting membrane). XynpatiCetor and Tic
écm amoinéelg (footplates) twv xvttdpwv tov Miiller kot mposkoiidTar 6TO
omic010 PAOIDOES VAAOELDEC.

2. ZuPado tov vevpwaov wov (nerve fibre layer). Amotedeiton amd TOLG
VEVPAEOVESG TOV YAYYAMOK®OV KVTTAP®V, Ol 0moiol TeEpvovV amd T0 MOU0EdE
TETAAO Kol oYNUoTilOVV TO OTTIKO VEVPO.

3. Zupada tov yoyyhaxkaov kuttapov (ganglion cell layer). Anoteieiton and o
KUTTOPIKG COUATO TOV  YOYYAMOKOV KuTtdpwv. Ymapyovv dvo tHmot
yoyyAMokov kuttdpov: o) Ta “midget” yoyyAokd kottopa mov Bpickoviol oty
TEPLOYN TS WYPAS KNAISOC, TV 0oV o1 devdpiteg cuvdmtovtal pe Tov aZova
evog povo dimolov kvttdpov, kot B) Ta moivcuvantikd yoyyAokd KOTTOpo
Bpiokovtol Kuplwg otV TEPLPEPELN TOV AUPPANCTPOESOVG Kat KABE KOTTAPO
€€ aVTOV cuvanTETAL e £MG KOt EKOTO dimoda KHTTOPA.

4. 'Eco dwtvot) otifdda (inner plexiform layer). Amoteleitar and T cuvAyELg
TOV VELPAEOVOV TOV JIMOAWMV KLTTAPMOV LE TOVG OEVOPITEG TV YOYALOK®MV
KUTTOPOV KO TIG OTOANEELS TOV AUOKPOVOV KUTTAPOV.

5. 'Eco xokk®mong otipdda (inner nuclear layer). Amotedeiton omd To0 KOTTOPUKE
CONOTA TOV JIMOAWDV, TOV 0pLLOVTIOV, TOV ALOKPOIVOV Kol TOV KUTTAP®Y TOV
Miiller.

6. 'E&o diktvot otifdda (outer plexiform layer). Amoteheiton amd t1g cuvhyelg
HeTA&D TOV TEMK®OV OTOANEEDV TV POTOVTOd0XEMV (Kovioy kot papdinv) kot

TOV EVOPLITAOV TOV HTOA®V Kol 0plOVTIOV KVTTAP®V.
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7. 'E&o kokkddng otifada (outer nuclear layer). AmoteAeitan omd Toug TLPNVES
TOV POTOVTOS0YEWDV.

8. 'E€w apopiotikn pepPpdvn (outer limiting membrane). ZynpoatiCetor omd pio
oelpd Lovav TPockOAANoNG LETAED TOV POTODTOO0YEWV Kol TV OKTIVOELODV
AToPLAdWV TV KVTTApPWV ToL Miiller.

9. Ztpdoa tov pafdiov kot tov koviov (layer of rods and cones). [Teptaapfavet
TO €0 KOl £E® TUNUA TOV GOTOUTOS0YEWMV. ATEIKOVIGTIKA L Tn Pondeta g
OCT topoypapiog dtakpivovior 4 empépovg tunpata-Coveg (Euova 4): a)
Mvoeong {ovn (myoid zone) mov oynuatiletal amd To €60 TUNUOTO TOV
pwtobmodoyéwv, B) EAlenyoeidng {ovn (ellipsoid zone) mov oynuatileton omd
70 TAOVG10 Gg PToYOVOpLaL EE® LEPOG TOV £GM TUNUATOG TOV POTOVTOI0YEMV,
v) 'E€o tpqpata tov potobrmodoyiwv, o) Interdigitation zone mov avrictotyel
0TO ONUELD ETAPNG TOV KLAVOP®VY TOL £® TUNUATOG TOV OOTOVTOS0YEWV LUE

TIG UYYPOAAYVEG TOL HEAAYYPOOL EMBNAiOV

Vitreous chamber
Optic  Optic
Muller cell disc  cup

Inner plexiform
layer
Optic nerve

R A — ‘ Ganglion cell
e

\

Amacrine cell
¢ &

Bipolar cell YN

Outer plexiform J.:s e

layer

Choroid %

Site of retinal
detachment

Horizontal cell

Photoreceptor cell

Outer segment
of photoreceptor

Pigment
epithelium

Ewova 3. Ztifddeg kot kouttopa Tov apeipinotpoetdn. Inyn: Ansari MW, Nadeem A. Atlas of Ocular
Anatomy. Springer 2016 [5]
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ayer of Inner Segments and Outer Segments

’
Retinal Pigment Epithelium

Ewéva 4. Aneikovion tov otiddov tov apeipinotpoedong pe xpnon e Ontikng Topoypagiog
Yvvoyns. MZ, myoid zone; EZ, ellipsoid zone; OS, outer segments of photoreceptors; IZ, interdigitation
zone. [Inyn: Damian I, Roman G, Nicoarda SD. Analysis of the Choroid and Its Relationship with the
Outer Retina in Patients with Diabetes Mellitus Using Binarization Techniques Based on Spectral-
Domain Optical Coherence Tomography. J Clin Med 2021, Vol 10, Page 210 [6]

To perdyyxpovv emBnio (retinal pigment epithelium) amoteieiton amd povn
oTIBéd0 KUPOEWDV/KIOVOEDDV KLTTAP®Y KOl EKTEIVETOL A TO XEIAN TOL OMTIKOV
VEDPOL £MC PEXPL TNV TPLOVAOTYH TEPLPEPELD, OOV cLuvE)ILeTaL TPOG TaL EUTPOS, poll e
TN GLVEYELD TOL VELPOALGHN TN POV AUPIPANGTPOEION OG LEAXYYPOUATIKO ETONAL0 TOV
AKTIVOTOV 6OWUATOG. To factkd dKpo Tov KLTTpmV PpiockeTal oe ETaPT| e TN POCIKN
pepppavn, n oroia Bewpeiton TpuMqpo g pepPpdvng tov Bruch.

Meto&d Tov KuTTdpmv Tov peAdyypov emONAiov VRAPYOVY GULUTAEYUOTO
otevov  ovvdécewv (zonula occludentes) mov amotelobv tov €€  ouparTo-
apeipAnotpoctdikd epaypd. O €E0 apato-ap@PANCTPOEdIKOS PPUYUOS OTOTPETEL
Vv dppor| vYpPov 6Tov LIAUPIPANGTPOEWKO Ydpo. To pedyypovv embnio €xel
EMIONG ONUAVTIKO POAO GTNV PAYOKLTTAPMOT| T®V AmoPANBEVTIOV 60 TUNUATOV TOV

Q®TOHTOO0YEWMV, OTOPPOPA CNUOVTIKO TUNUO TNG TPOCTINTTOVCHS OKTIVOPOANG Kot
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vrootpilel petaforikd Tovg poTodmodoyeic (eivar onueio amobKeLONG PETIVAANG,

N omoia gival amapaitnn yio T cLVOEST POTOYPDOCTIKAOV).

Choriocapillaris

e

Ewéva 5. Xtevég ouvdéoelg (zonula occludentes) petald tmv KuTTapmV TOL pEAayypdov emBnAiov.

IInyn: Bowling B. Kanski’s Clinical Ophthalmology. 8th Edition. Elsevier; 2016.

H owdtoon tov éom 2/3 100 ap@iPAnotposidods mpoépyetal amd v
apuePANoTPOEdIK)  KukKAOQOpio  HEG®  TNG  KEVIPIKNG  optnpiog  TOL
apePAnoTpocdovs. Yrdapyovv 2 kbpia enimeda Tpryoctdikdv oiktvmv (Euoveg 6 kot
7):

a) t0 emmoAng (1] €é0®) TPYOEWIKd ALY, To omoio Ppioketal 010 emimedo TV
YOYYMOKAOV KOTTAP®V Kol

B) To ev 1o Paber (M £Em) TPLY0EdIKO TAEY LA, TO omtoio BpiokeTal 6T0 eminedo TG £0w
KOKK®O0LG oTifddag. To ev to Babet Tpryoetdcd TAEypa ovolaotikd teptéyet 600 VITo-
TAEypata: To évo Bpioketal otV TAvVe TAELPA TS €00 KOKKOIOVS oTIAd0S (YV®GTO
Kol ®G EVOLAUECO TPLY0EWdIKO TAEypa) [7,8] kot To GAAO 6TV KAT® TAELPE TG £0®
KOKK®OO0LS GTIRASOC.

To é€m 1/3 tov apeiPAnotpocdois (amd v EEm KokKdON oTiPdda péypt To
peAdyypovv emONAL0) eivor ovayyELo Kot TPOQOSOTEITAL EUIETT OO TO XOPLOTPLYOELD].

H xevipun apmpia 1o ap@ipAnotpocidods eivar o mpmdTog KAAS0G TNG
0QBOALKNG apTNPiag Kot EIGEPYETAL GTO OTTTIKO VELPO Ttepinov 1-1.5 cm wicw amd tov

BoABo. Kabwg owamepvd T0 mMOuocdéc métado, 1 KEVIPIKNY aptnpio.  TOL
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ApPPANOTPOEIBOVG GLVOIEVETAUL OO TNV KEVTIPIKT GAEPA TOL AUEPANGTPOEOOVG Kot
CLUTAONTIKEG VELPIKES Tveg. ZTNV TEPLOYN TNG ONTIKNG ONANG 1 KEVIPIKT aptnpic TOL
apePANoTpoedovg dlakAadileTor og Avm Kol KAT® KAAS0, ot omoiot dtokAadilovton
TEPALTEPM GE KPOTAPIKOVG Kol ptvikoVs kAAdovs. Kabévag amd toug 4 khprovg kKAadovg
(v KpoTapikds, Gve pviKoc, KAT® KPOTapikos, KATM pvikoc) ivat ek ayyeio Kot
TPOPOJOTEL £val TUNHOL TOV AUPIPANCTPOEWOVS YWPig va Tapovctdlovy HETAED TOVG
avaoTopmoels. Ot peydiot avtol aptnplakoi apgiPAnotpocidikol kKAGSoL “Ta&dgvovy”

EVTOG NG OTIRASOG TV VELPIKMV VAV KAT® OO TNV €60 0QOPIGTIKY LEUPPEvT.

To toiympo ToV ApEPANGTPOEIIIKAOV TPLYOEW DOV YapaKTNPILETOL 0T TO TOPAKATMD
OTO(ELDl TTOV GULVEICOEPOVY GTO GYNUOTICUO TOL £6M OUATO-OUPIPANGTPOEIOIIKOV
opoypov (Ewova 7), [9]:

e &vdoOnAokd KOHTTOPO GUVOEdEUEVD e OTEVEG GLUVOEGELS (tight junctions)

o Poaown pepPpdvn pe éva Pookd eEotepkd TETOAO TOL  TEPIEXEL

EVOOTOLYMUOTIKA TTEPIKVTTOPO,
e YUp® A0 TO TOIY®UO VITAPYOLV VEVPOYAOLIKA KOTTOPO: YEVOOTOJOEEIG
TPOCEKPOAES OGTPOKLTTAPMV, TEPLUYYEIOKE LOKPOPAYO KOl TEPLOYYELOKY|

pkpoyioio

To aipa and Ta Tpryoedn cvAAEYETAL 0md TO PAEPIKO GVOTNLO KO KOTAANYEL OTIG
apeipAnotpoctdikég eAEReG. Ot appiPAnotpoctdikég eAEReg akolovbovv v mopeia
TOV APTNPIOV TOV AUPIPANGTPOEIBOVS (AVM KPOTAPIKY], AVE® PLVIKN, KAT® KPOTUPIKT,
KAT® PVIKN) KOl GUVEVOVOVTOL GTNV KEVIPIKY QAERO TOL apEIPANGTPOEdODS. XTal
onpeia dtoTavp®oNG ot apTnpieg Kot ot GAEPES £xovv KOO EAVTPO Kol O aApTNPLIKOG
KAadog evromiletatl cuvnbéotepa (oto 70-85%) mave amd tov eAePid. H dudpetpog
™G KEVTIPIKNG PAEPaG etvan Katd 25-30% peyoddtepn amd Tn SIAUETPO TNG OVTIGTOYNG
aptpioc. H xevipun eAéBa tov apeipAnotpocidovg e&épyetal Tov foAPov dta Tov
NOuoedovg metdAov Ko exPfdrier amevbeiag otov onpayy®on kOATO N TV Avo
opBoipukn eAEPa [10].

DuGOAOYIKT OVOTOMIKY TopaAdayn omotedel 1 moapovsiocs TG OnAowypikng
aptnpiog oe T0606TO ~25% 1oL TANBVoPOV. H Onlowypikn aptnpia apdevet o E6m

2/3 100 aUEIPANGTPOELDOVS GTNV TEPLOYT| TOV ONAOoWYP1KOD dOKTLAIOV KOl TPOEPYETOL
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amod TNV YOploeWIkn KukAogopia eite amd T omicBieg aktvoedeig aptnpieg site
onavioTepa amevBeing amd KAAGOLG YOPLOEWIKAOV aptnpidv [9,11].
O yoprogdng dwupeitar o€ 3 oTIPadeC:

1) ™ pepPpdvn tov Bruch,
2) TN XoploTPLoeldIkn oTIdda, 1 omoia OTmg TpoavapépOnke Tpopodotel to £ 1/3
TOV QUEIPANGTPOEIDOVS Kot KUPIWG TOVS POTOVTOO0YEIS
3) v ayyeidon otifada. H ayyeiddng otifdda pmopei va vrodiapedel otnv otifdda
tov Sattler mov BpiokeTon 0w kat TeprAapfavel pécov peyéBoug aptmpieg Kot AEPe
kot otV otidda Tov Haller mov PBpicketan £Em kot meptlapPdvet peydreg aptmpieg ko
QAEPeS.

H owpdtmon tov yoproedn mpoépyetot amd T1g omicOieg aktivoeldeis (Ppayeieg
Kot pokpég) aptnpies. 'Evag apBpog malivopopwmv kKAGdwv mpoépyetot amd Tic mpdcbieg
axtivoedeic aptnpieg. Oleg ol mapamdve aptnpieg eivar kKAAdOL ™S 0POUALKNG
aptpiog. To eAefucd aipo TapoyeteveTal HEC® TV TEPWIvTOV QAEROV OV lvar
ocuvnbwg 4 (umopel va givorl £mg Kat 6) Kot TOPOYETELOLY KAOE TUNLO TOV YOPLOELD).
211 cuVEKELD, 01 TEPLOIvNTEG PAEPES SlaTITpaivovy TO GKANPO KO KATAANYOVV GTIG AVE®

Kot KAT® opOaApikéc AERec otov Kdyyo [9-11].
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Ewéva 6. Avatopukn evtomion Tov apeBAnotpoetdikdy ayyetokov diktomv. SVC, superficial vascular
complex; DVC, deep vascular complex; RPCP, radial peripapillary capillary plexus; SVP, superficial
vascular plexus; ICP, intermediate capillary plexus; SCP, superficial capillary plexus; DCP, deep
capillary plexus; NFL, nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner
nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; PR, photoreceptors layers; RPE,

retinal pigment epithelium. IInyn: Campbell JP, Zhang M, Hwang TS, Bailey ST, Wilson DJ, Jia Y, et
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al. Detailed Vascular Anatomy of the Human Retina by Projection-Resolved Optical Coherence
Tomography Angiography. Sci Rep. 2017 Feb;7:42201.

Central retinal vessels

— Ophthalmic artery
and vein

Larger vessels on
retinal surface

Ganglion
cell layer

Ewéva 7. A: Kevipkd opgipAnotpostdkd ayyesio mpogpydpeva amd v oeboipukn aptnpic. B: Ta
eninedo. TOV  ApEIPANCTPOEOIK®OV  ayyelokdv OwkTowv. C:  Ztoygid TOL  TOYMOUOTOC TMOV
apoipinotposidkmv  ayyeimv. EC, evdoOnhaxd wvttopa (endothelial cells); A, aotpokdTTapa
(astrocytes); MG, pukpoyioia (microglia); PVM, meprayyetaxd poxpoedya (perivascular macrophages);
P, mepuchttapa (pericytes). [Inyn: Forrester J, Dick A, McMenamin P, Roberts F, Pearlman E. The Eye,

Basic Sciences in Practice. 4th ed. Elsevier; 2016.
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KEDAAAIO 3: AIIEIKONIXTIKEX MEG®OAOI
AMOIBAHXTPOEIAOYX

Ext6g and ™ PvBookodmnon, n onoia givar 1 Pacikn eE€tacm Yo TO SL0yVOCTIKO
éleyyo (screening) ko T S16yvVmOOT| TOV TOONCEDV TOV QY YELNK®V AUPPANGTPOEOVG,
VILAPYOVV KOl AAAEG OQOUAUIKES AMEIKOVIOTIKESG LEOODOL TTOV EIVOL IOILTEPMG YPTOLES
Yoo TNV TEPALTEP® dlEPEHVNOT KOl TapaKoAovONon g vosov. Ot Bondntucég avtég
ameKoVIoTIKEG  péBodol  mepthauPdvouv:  Eyypoun  owtoypagic.  Bubov,
eAovopoayyeloypapia (PA), ontikn topoypapio cvvoyns (OCT) kot ayysoypoeio
ontikng Topoypagiog cuvoyng (OCTA).

1. 'Eyypoun oowtoypoeio fuBov. Mia tumkn kapepo Pubov mapéyet pio 30

¢0g 50 popadv gwodva tov omicBov mOAov. Ymhpyovv, emiong, KAUEPES
BvBolh mov pmopovv va Kavouv Ayn guputepng kovag Emg 200 popav,
OV €KTElVETAL UEYPL TOV TEPLPEPIKO OUPIPANCTPOEd.. MoAovott 1
eotoypapio BuBov sivar pio avamopoy®ylun onekovioTikny pEBodog mTov
TapEXEL KOAN TEKUNPImoN TG VOoOV, AETTA €VPNUOTE, OTMG UTOPEL Vo
etvat apKeTES PoPEG TO 0ldN A OYPAS KNALOOS, XPpedloVTaL GTEPEOGKOMIKY|

TPOPOAN.

[N

drovopoayyeroypoeia (PA). H DA eivor pio 5160146TOTN OTEIKOVIGTIKY

e€étaon katd TV omoia yiveton evOOQAEPLo £yYLON OGS XPOOTIKNG, TNG
@Aovopeckeivng. Boaoiletor oty 010TTO TG QAOVOPECKEIVNIG VO
deyeipetar amd eo¢ unkovs kopatog 490 nm (blue light spectrum) kot va
EKTTEUTEL 6E PG UMKovg KOpoTog 530 nm (yellow — green light spectrum).
H o@Alovopeokeivny oev pmopel va mepdoel ovte tov €£®  OpOTO-
apePANCTPoEdIKd Opayud mov Ppioketar PETOED TOV KLTTAP®V TOL
pueddyypov emBniiov (zonula occludens) o¥Ute 7T0vV €0 oupaTO-
apePANoTpoctdkd @paypnd mov Ppioketon petald TtV evooOnAloK®V
KUTTOPOV TV  OUEPANCTPoedIK®V Tprocd®v (tight junctions). H
JOTOOT TOV €6 OUUOTO-OUPBANGTPOEIIKOD QPUYHOD TPOKOAEL TNV
dppon| YPWOTIKNG, 1 omoia yapaktnpiletal amd vrepehopicud oty DA.
Méom tng QA yivetan 1 extipnon g ioyoiog 1060 otnv oypd kniido 660
KOl OTNV TEPLOEPELDL (TTEPLOYEG TPLYOEWDIKNG Un dmBnomng, capillary non-
perfusion areas). Eidikcotepa, 1 ypnoywotta e PA oty aviyvevon piog
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apyouevns veoayyeimong, mov dev eivat evkola dtakpity otn fubockdnnon
N om ewtoypapio Pvbov, Bewpeitor povadikn. H @A pmopel akoupa vo
YPNOLOTOMOEL Yoo TNV aviXVEVOT) EGTIOKOV Kol S16XVTOL OONUATOG OYPAS
KNALdaG, av Kot TAEOV AydTEPO GLYVA AOY® TNG gvpeiag dSabesOTN TGS TNG
OCT. H @A dvvatat emiong vo fondncetl ot Sidyvwon ToL YELSOPAKIKOV
oM uatog wypdg knAidog (Irvine-Gass syndrome), 1o omoio yopaktmpileton
oo TETAAOEWESG HOTiBO VITEPPBOPIGHOL GE cLVOLOCUO e VITEPPHOPIoUO
TOV OTTIKOV HIGKOV.

Ontikn_touoypaoic cvvoync (optical coherence tomography - OCT). H

OCT eilvan pio pun-enepPotikny anewcoviotikn péBodog, n omoia Pacileton
ommv ocvuPoropetpio yapnAng ovvoyng (low-coherence interferometry)
YPNOLOTOIDVTAG PMOG UNKOVG KOHOTOS kovtd oto vrépupo. H cupfoin
OV OMpovpyeital, kol odnyel otV TOPAY®YY| EKOVAG, OQEiAeTal OTN
SLPOPETIKY £VTOON KOl ¥POVIKT KaBLGTEPNON TOV POTOC KOOGS GLVOVTA
JLPOPETIKY OTTIKY| avTovaKAaoT o€ Pdbog 10Tov, Kol HETpATaL HE TN
Bonbeta pwrtoaviyvevty. Ta maiaidtepa unyovipato OCT Aettovpyovv pe
v teyvoAoyio time domain, &v® TO MO CLYYPOVO  UNYOVILLOTOL
YPNOoToovV T tE)VoAoYia spectral domain 1 ) vedtepn swept-source
teyvoloyia. Ta time domain kot spectral domain pnyavipata OCT €yovv
o evpulovikn myn ewtdg kovtd ota 840 nm. Ta spectral domain OCT
VIEPTEPOLV TV time domain emeldn Egovv KaAVTEPT avaAoyio, GIUATOG-
BopvPov. Avtifeta, Ta swept-source punyaviuoata OCT ypnoiponoodv pia
puoulopevn myn laser mov exméunel o€ 6TEVO €0POG LDOVNG KO TO PNKOG
KOHOTOg 0AAGLEL e TO YPOVO CAPDOVOVTOS £V, EVPV PAGHLO UNK®OV KOUOTOG
ne kévtpo to. 1050 nm. To mheovéktua tov swept-source OCT givar 6Tt
UITOPOLV V. 01E160VG0VV GE PEYaADTEPO BAOOC 16TOH AGY® TOL HEYAADTEPOL
pnKovg Kopatog mov ypnotpomotovyv [12]. H OCT emtpémer v toryeion Ko
VYNNG avAADONG EKOVOV SOTOUNG TOV OUOIPANCTPOEd0VS (aEoVIKN
avdAivon g 1a&emc Tov Sum oto spectral domain OCT kot g TG TaEEMG
tov lpum oto swept-source OCT). H OCT amoterel mAéov v «gold
standard» e&étaon ywo ™ Oyveoon oAAG Kot TopoakolohOnom Tov
odnuatog oyxpds knAidog (Euwova 8), emtpémovtag v akpipng pétpnon

T0V TAYovs ToL apEPAnotposwdovs. H OCT dvvator emmiéov va
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ATOKOAOWEL OAAOYEC TNG VOAOOUPIPANCTPOEIOIKNG EMPAVEINS OTMG M
VOAOWYPIKN EAEN Kot 1) EMOUPIPANCTPOEIOIKT HePPPavn.

Ayyaioypaoio.  omtikng  touoypooioc  ocvvoync  (optical  coherence

tomography angiography - OCTA). H OCTA eivor pion un-emepfotikn

aneikovioTikn e&étaon mov Paciletoar otnv aviyvevon g Kivnong twv
epuBpav apoceatpiov. Ta epubpd apoceaipia tpokarobv tepibBriacn oto
(MG TOV TPOCTINTEL GTN EMPAvVELD TOVG. H kivion tewv gpvbpoxvttdpwv
aviyvevetal HEcw evog akyopiBuov cuykpivovtag dadoyikég Anyelg OCT.
Agdopévou OTL Ta OO AVIYVEVOLEVO. KIVOVUEVO OVTIKEIPEVO eivar epuBpd
aoceaipta, emtvyydverol n okaypdenon tov ayyeiov [13—-15]. H OCTA
etvar toyvtepn amd v DA kol emTpénel TOV SYOPICUO HETOED TOL
EMUTOANG KOL TOL €V T® PaBeL dikTVOL TV TPLrYoEWKADV ayyeiwv. H OCTA
®wotdo0 gival emppenng oe ddpopa €idn “artifacts” onwg kivnong, okiig
kot TpoPoAng. Emiong, edv n pon evidg ayyeiov givar Todd apyn, 6mwg yio
TOPAOELY IO EVTOC EVOG UIKPOUVELPVUGLOTOS, Umopel va unv aviyvevtel. H
OCTA, mépa amd v evpelo MAEOV YpNom 1TNg yw TNV aviyvevon
YOPLOEWIKNG VEONYYEIMONG, YPNOLOTOLEITOL Kol Yoo TNV  aviyvevon
wyapiog oty oyxpd knAida oto mAoiclo  ayyslk®v  Tofncemv

apPPANoTPOE0VS OTTMS 1 dafNTiKn wypomdOeia Kot 1 amdPpacn eAEROG

apeipAnotpocdois (Ewkoveg 9 ko 10).

Ewoéva 8. Ontikn| Topoypagio cuvoyng o achevn e KoTiKO oidn o oypds kniidog (KokKvo

Tpiy@vo) AMyw amodepaéng Kevipikng AERag appipAnotpocidovg. Inyn: Chen Y, Peng X. Atlas
of Swept Source OCT and OCT Angiography. Springer Nature; 2023.
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Ewéva 9. Ayysioypagio OTTIKNG TOLOYPOPILOG GUVOXNG O€ 0GOEVT] e AmOPPaEN KEVTIPIKNG PAEPaG

ApOPANGTPOELDOVG, TOV ameEKOVILEL d1eDPLVET TG avVAYYELOL (MdVNG (KOKKIVO BEAdKT) Kot TEPLOYES

TpLroedtkng pn dmbnong (kdkkvog aotepiokog). [Inyn: Chen Y, Peng X. Atlas of Swept Source OCT

and OCT Angiography. Springer Nature; 2023.

Ewéva 10. Ayysloypapio omTIKiG TOLOYPAPING GUVOYNG O€ AcOeV LE IOYOLIKT amdQPasn KEVIPIKNG
PAEPaG apEPANCTPOEBOVS, TOL TEIKOVILEL EKTETAUEVES TEPLOYES TPLYOEOIKNG U dtBnong oty

®YPa KnAida (KOKKIVO TPiymvo) Kot CYNUATIONO TOpATAEVPNG KUKAOQOPIaG otV oypd KnAida
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(kO6KKIVOG aoTEPIoKOG) Kot YOp® 0md Tov ontikd dioko (kokkvo Behdkt). [Inyn: Chen Y, Peng X. Atlas

of Swept Source OCT and OCT Angiography. Springer Nature; 2023.
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KEDAAAIO 4: AITIO®PAEH DOAEBAX TOY
AMOIBAHXTPOEIAOYX

EINTAHMIOAOI'TA — KAINIKH EIKONA

H oandéepacn oréPoac apeifinotpocdods (retinal vein occlusion, RVO)
amotelel TNV Oe0TEPT WO CLYVN CUPIPANCTPOEIOIKY OyYEWOKY TAONON HETA TN
dwfnrtikn apeipAnotpocidonddeia, mposPdrioviag meplocoTEpa amd 28 eKaToppdpLa
dropa ToyKOSUImS, e GUYKPICLUO EMTOANCUO HETAED TOV AVIPAOV KOl YOVOIK®OV TOL
vroAoyiletoar og 5.2 avd 1000 dropa [16]. Ymoloyileton 6t g to £€10¢ 2050, 0
apBpoc tov acbevov pe RVO Ba avénbel katd mepiocotepo and 20% [17,18]. H
EMNTOON TNG VOGOL QLEAVETOL OTLLOVTIKA LE TNV NALKIaL.

H andepaén eAéPag appiPAnotpoetdovg umopet vo ivol aGUUTTOUATIKN 1 VO
exkdnioBel ®g oevidla, etepdmAgvpn, avddvvn, moikidov Pabuod coPapdtntog
anoiel  O6paong.  Arydtepo ovyvd, ot oacbevelg iomg oavtiAnebovv  Kdamola
TPOEWOTOMTIKG GUUTTOUATO TOPOOIKNG GLOKATIONG TNG OpOaonS TPw omd TNV
euPavion gpeavav copmtopdtov. Katd m puvbockodmnon, evooopueAnctpoetdikés
apoppayieg (kvpimwg eAoyoeldelq) kot SlateTapéva EMKOEDN OUPPANGTPOEIDIKA
ayyeio etvar Ta KAOoo1KA gupnpate 6tov TpocsPefAnuéEvo apeBANGTPOELd| Kol OTIG
mo coPapég mepmtooels PopnPakodpopeeg arioidoelg (cotton wool spots) AOym g
woyopiog ot otifada tv veupik®v vav (Ewoveg 11 ko 12) [19]. Xv oeia pdon,
10 €MIMESO TNG TTMOONG TNG OTTIKNG 0&0TNTag e€apTdran omd To Pabud coPapotnTag g
woyopiog otnv oypd knAida kot g peyébuvong g avdyysov Lmvng, TV Tapovcio
OO LLOLTOG TNG OYPAS KNASOG Kot TNV Topovsio. EVOOUUPIPANGTPOEIIK®VY ALILOPPOY LDV
ot0 Kevipikd Pobpio. Xto mo ypovie oeBaipockomikd onueic g RVO
ocvopmepthappdvovtal okAnpd eSWOPOUOT, UIKPOOVEVPVUGUOTO, TNAENYYEIEKTAGIES,
oKANpoTIKA ayyeio kot topdmievpo ayyeio [20]. Ta mapdnievpa ayyeio oyxetilovton
pHe KoAOTEPT TPOYVMOOT, OVOTTOGGOVIOL KOVIQ GE TEPLOYEG WE TEPLOPICUEVN
TPLYOEOIKT OO O™ Kol LTOPEl VoL apopovV EITE TOV AUPIPANGTPOELDN EITE TOV OTTIKO

Sioko [21,22].
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Ewoéva 11. Amoéoppa&n kevipikng @AEPag Tov OUPPANCTPOE0VG €vOg 0500 0@BaApon. Xt
potoypapio PuBol eaivovTol EKTETAUEVEG apLoppayies, ot omoieg sivar Kupimg pAoyoeldeic, Kot oidnua
Tov omtiko¥ diokov. IInyn: Ip M, Hendrick A. Retinal Vein Occlusion Review. Asia-Pacific Journal of

Ophthalmology. 2019;7(1):40-45.
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Ewoéva 12. Anoppaén tov dved KpoTaeikoy GAERIKOV KAAG0L TOL OUPPANCTPOE0VS £VOG
5e&lo0  opBoApov. Xt owtoypapion PvBov Sakpivovior (@AOyoedels kot KNAMOMOELS
alpoppayieg, KoBmg kot Popfokopopees aAAolmdoelg (evidg TV dompmv daktuAdiov). [Inyn:

https://eyewiki.aao.org/Branch_Retinal Vein Occlusion

TAEZINOMHXH

Avaroya pe v onpeio g andepaing, n RVO daxpivetar og 3 vrokatnyopieg
[4,23]:

1) Amoéoppaln «evipwkng oAéfag apgipAnotposdots (central retinal vein
occlusion, CRVO).

2) Amdepatn kAdoov eAEPag apeiPAnotpoctdovg (branch retinal vein occlusion,
BRVO)

3) Hpopeipinotpoewdikny / Huwwevipikry  Huooeapikn amdepaln eAéPog
apeipAnotpocdotg (hemiretinal / hemicentral / hemispheric vein occlusion,

HRVO)
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Ymv CRVO 1 anéppacn cvpPaivel kovtd 6to VYog Tov NOH0Ed0Vg TETAAOL, OOV,
COLPMOVO LLE TNV EMKPATOVLGH Bewpia, 1 TETOYLGUEVT] 0ONPOCKANPOTIKY KEVIPIKY
aptnpio. ToV apPPANCTPOEW0HS TELEL TNV KEVIPIKY GAEPA TOL AUPPANCTPOELDOVS
TPOKAADVTOG TVPPOAN por, evdodniiaky| BAAPT Kot TeEMKd oynuaticpo Opdupov.

Ymv BRVO 1 amdppaln ovpPaivel kvpiowg oto onueio aptnplo@Aiefikng
oLUPOANG, 6OV 1 AUEIPANGTPOEIDIKT apTnpia potpdletar To 1010 EAvTpo pE TN EAEPa
KOl TO TEMOYVGUEVO apTNPLOKO Toiympo cvopumiélel v moapakeipevn eAEPa. To mo
oLYVA TPOGPUALOUEVO TETAPTNILOPLO Elval TO VD KPOTUPKO (63%).

H HRVO powdalerar yopaxtnpiotikd kot amd v CRVO kot and tnv BRVO, kot
Oewpeitar 0Tl oyetiletonl HE OVATOUIKY TOPOAAOYN 1TNG KEVIPIKNG QAEPOC TOL
apeipAnotpostdovg [4,23-27].

A&iler va onueiwbei 611 1 BRVO éxet koddtepn Tpodyvmon 6e GOYKPLOT UE TO
CRVO, av kot gtvon mévte popég mo cuyvn and tn CRVO [28].

H CRVO ka1t BRVO propovv va ta&voun8odv mepattépm 6€ 1o aLKo Kot
un woyapko tomo pe Pdon v meployn Vv mEpoy ¢ woyoiog (capillary non-
perfusion areas) otnv @Aovopoayyeloypagic. O dy®PoUdg GE 1OYALIKY Kol U
woyopikn RVO elvar yprioyog yuoo v kAvikn avtipetomion. H pedétn “Central
Retinal Vein Occlusion study (CVOS)” 6pioe o¢ woyoyukn v CRVO otav vmpyav
(PAOVOPONYYELOYPAPIKA EVPNLLOATO IGYOUIOG ETPAVELNG pLeYoADTEPNG oo 10 omTikovg
diokovg (>10 disc areas, >10 DA) ce @lovopoayysioypaeio Bvbov 7 mediwv [29].
Avrtiototya, 1 GUVOAIKY] 0VTH TEPLOYN oy oiog Yo TV ok BRVO opiotke mg
>5 DA [30]. Qot600, 0 0piopdc avtdc g woyopiog >10 DA dev givar katdAAnAog
YL TV eAovopoayyeloypapio evpémg mediov (widefield) 1 eEanpetikd evpémwg mediov
(ultra-widefield) mov ypnoiponoteiton TAEov oty KaONnuepvy KAMvikn Tpaén, Aoy g
amEKOVIoNG onuavTikd peyodvtepov mediov. Ioyopio >10 DA eviomlopevn otov
omicO10 TOLO, aVEEQPTNTMOC AMEIKOVIOTIKNG HEBOSOV, VTTOSEIKVEL pHeyaADTEPO KivovVO
veoayyeimons. Avtiotolywe, oyoupio em@dvelog HeyoAdTepNng amd 75 OMTIKOVG
diokovg (>75 disc areas, >75 DA) og ultra-widefield prlovopoayysioypapio 1 TnAiko
IGYOLUIKNG TTEPLOYNG TPOG ametkoviLopevn mteployn >45% &xel Ppebetl va oyetileton pe

epueavion veoayyeimong [31-33].
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Ewéva 13. Ultra-widefield pAovopoayyeloypapio oe de&i opBorpd pe andepaln keviptkng eAEPog
APPPANGTPOELOVG, OOV SLUKPIVOVTOL EKTETOUEVEG TEPLOYEG TPLYOELDIKNG [T St BnoNG OtV TTEPLOEPELL
HE HKPOOVEVPUCHOTO Kot OUPPANCTposdikn Tapdnievpn kvkAoeopio. IInyn: Ip M, Hendrick A.
Retinal Vein Occlusion Review. Asia-Pacific Journal of Ophthalmology. 2019;7(1):40-45.

A&iler va onueiwbel 6tL 0 yopaktmpiopds pag RVO oe woyoyuxn 1 pn
woyopikn Poaciletar oe 6A0 TOV ApEIPANCTPOEDN Kot dtoywpileTor amd TV 1oyoLpLio
oTNV TEPLOYN TS ®YPAS KNALdag (macular ischaemia).

Eivar emiong onuovtikd ot opBaipol pe apywd pun woyoipikd tomo CRVO

UTOPOVV VO LETATPATOVV OPYOTEPQ GE IGYOUKO TVUTO, G€ T0G00TO MG 30% [34-36].

Ot aobBeveig pe wyoyuky CRVO gpepaviCovv tomkd 1 1 meptocodTEPO EVLPMLLOT
[24,31,37]:

1. XopmAn omtikn o&bvmra (44% twv oebBoiudv pe ontikn ofvtnrta <6/60
avantHooel veoayyeimon ipdag) [38,39]

2. Zyetkn PAAPN TOL TPOGAYWOYOV GKEAOLG TOL KOPWKOV OVTOVOKAAGTIKOD
(relative afferent papillary defect, RAPD)

3. Tlapovcio moAhamAdV BopPakOHopemyv GAAOUDGEMYV.

4. Tlapovsio TOAATADY EVIOVOV, TUKVAV, £V TM BAOEL EVOOQUPIPANGTPOEISIKOV

OLLOPPAYIDV
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5. Znuoavtikov Bobpod didtaon Kot EMK®on ToV apEBANCTPOEIK®Y PAEPOV

6. Ioyowpio >10DA, 6nwg e€nyeiton mapomdvem

7. Awtopoyés oto  MAEKTPOUUPIPANCTPOEBOYPAPNUO:  HEWOUEVO  €0POG
(amplitude) B kOpotog, petwpévo TAiko B TPog o KOUATOG, TAPOTETAUEVOS

amoOAVTOG YpOvog B kbpatog (implicit time) [40—43]

ITAOODYXIOAOTI'IA - ITAPATONTEX KINAYNOY

Ot axp1Beig unyavicpoi mov eumAékovral oty modoyéveln dev £xovv akOLo
arocapnviotel TANpws. H artiodloyio g RVO eivar molvmapayovtikny. H tpiéda tov
Virchow mov oamoteleiton amd oAloyég omv oatiky pon (eAefikny otdon),
TPOVUOTIGUO TOV ayyELKoD EvOoONAiov Kot vIEPINKTIKOTNTO, TailEl ONUOVTIKO POAO
Y. TO GYNUOTICHO TOov apytkov Bpopfov [44,45]. ‘Eneita, Adym g amdepaéne, N
emoKOAOVON avENCT TNG EVOOTOYMUATIKNG TiEONG OTA Oyyelo TPoKaAel dtamidvon
VYPOL EE® amd TO ayyEld TPOG TOV AUPIPANCTPOEIDIKS EEMKLTTAPLO YDPO (VOLOG TOV
Starling) [25,46,47]. Mali pe 10 vypd, yivetar kot e€ayysimon TPOTEIVOV TOL
ouvendystot TV avENoN NG SIGUESN S KOALOEIDOGUMTIKNG Tieon S «dtowvilovtagy to
apePANoTPoEdIKd 0101, TO 0moio exnpedlel TNV TPLYOEIKT S BNnon odnymdVTaG O8
woyopio Ko TpoKalel AEYLOVN.

Ao glvar ta kVplo povonatio g taboeuotoroyiog g RVO (Ewova 14):
1) BAGPN tov €60 arpato-apiPAncTpoetdikod epaypov mov tpowdeital amd v
anelevfépmon PAEYLOVOIGV KuTTapokvedv [48] (0nwg wvtepAevkivov, MCP-

1, TNF-a, ICAM) kot T00 ayyglokoy ovéntikov mopdyovta Tov evoodniiov

(VEGF), kot 10 0&e1dmtikd o1peg (avTidpacTikd €101 0&Euydvov)

2) Iotiky vmo&ia mov odonyst oe avénuévn mapoywyn — avEoppvbuon

(upregulation) mpo-ayyeloyeveTikdv Tapaydviov Kot kuping tov VEGF.

[Mopovcialetar onuavtikov PBabuov cuvépysin tov VEGF pe toug mapdyovrteg
QAeypHovIg Kat T0 0&edmTikd otpeg [49-51]. O VEGF dweyeipet t petavdotevon Kot
TOALOTAQGIOGHO €VOOONAOKAOV KLTTAPOV TPOAYOVTOG LE OVTOV TOV TPOMO TN
veoayyeimon Kot TOpAANAQ  eumodilel TNV aVOTANPOOT TOV TEPIKLTTAPWOV

avéavovtag T dwappon [52-54].
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Oyd6vta 1016 ekato (80%) TV HKpoaveELpLOUAT®V, Ta 0ol PaiveTol vo Elvat pia

pkpoayyelokn omdvrnon otov VEGF mov mopdyetor amd tov vmo&ikd 16td

apePANoTPOEdOVS, evTomilovTal 6TV £6M KOKKMOT oTifdda, dnAadn 6to ev Tm Pabet

TPLYoedKd TAEypa [55].

Kvprot (aveEdptnror) mapdyovieg kivdvvov [56-58]:

HAwcio. H enintwon g RVO av&avetot onpovikd o€ dtopa aveo tov 50 eTov,
®o1660, 1 RVO pmopet eniong va eppoviotel Kot o€ vedtepovg acbeveic [59]
Ynéptaon. Osmpeitar wg 0 1oxvpdTEPOG TAPAYOVTOG KIVODVOL YI0TL EMTAYVVEL
™V apINPOK) 0BNPOSKANP®OOoN Tov 0dNyel GE UNYOVIK GCLUTIEST TNG
napokeipevng eAEPag

2oKyop®onc dafnTne

Madkopo. Adyo g avénuévng evooeOdpiag Tieong vVIapyEl TEPLOPIGUOG

™G PAEPIKNG EKPONG GTO £MIMESO TOL NOUOEBOVG TETAAOV

YnoAouror cuoTnpatikol mTapdyovteg Kivdvvovu [11,25,26,56,59—63]:

AvcMmdoupio

Kopdwoyysiokn vococ

Avénuévoc deiktne ndloc cduotoc

Avénuévn 02 cmocealpivn

Kdanviopa

AlTpoOn TTOYN 6€ QLTIKA TPOTOVTO.

Avénuévn yAowdtnto ainatoc (LWEAODTEPAOCTIKA GUVOPOUQ, TOAAOTAODV

LuEA®UO)

Koatdotaon vrepmnktikodtnag. (1 avtictaon 6ty gvepyormompuevn npmteivn C

AOy® tov Tapdyovia V Leiden, n avendpkelo g npwteivng S, n avemdpkela
mg mpoteivnig C, n avendpkewo ¢ ovtBpoufivng I,  avendpkelon ToL
napdyovta XII, n vrepopokvoteivaio, 0 AVIPOCEOMTIIIKO GUVIPOLLO,
AVTICOUOTO KOPOOATIVIG). Xe pio Tpocseatn PETO-avaAvon, ol acbeveic pe
ayYEWK omoOQPosn oUEPANGTPOEIOOVS EUPAVICAY TOPOUO0 ETUTOAACHIO

KANpovopkng Kot eniktntng Opopfoeiriag oe chykpion pe ta vym dropa [64].
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Ewéva 14. To «diktvo» Tov Tafo@ueloloykdy Hnyaviocoy Tov epniékovtatl otnv RVO. IInyn: Wang
B, Zhang X, Chen H, Koh A, Zhao C, Chen Y. A Review of Intraocular Biomolecules in Retinal Vein
Occlusion: Toward Potential Biomarkers for Companion Diagnostics. Frontiers in Pharmacology.

2022;13:1269. [47]

APXIKH ITPOXEITIXH KATA TH AIAT'NQXH THX RVO

To 6gelog ™G TapayyeMoag WTPIKOV e£€TAGE®V KOTA TN didyvewon g RVO
glval M OVTIHETOTION TOV KOWA GLOYETILOUEVOV TapoyOVTIOV KIvoOvoy, Ommc 1
aBnpocKANp®oN, N LLEPTAGCT], O CAKYUPOING dtaffNTng Kot 1 SuvcAurdopio. H ykoipn
aVIYVELOT OVTOV TOV TOPAYOVI®V KIVOUVOL Hmopel Vo PEATIOCEL TNV YEVIKN
KATAOTOOT, VoL AmOoTPEYEL TNV €EEMEN 1] VO ATOTPEWYEL TNV VITOTPOTH GTOV {510 1] GTOV

A0 0@BOANO KoL VO pelmTEL TOV KIVOLVO Y10l TN GUVOAIKT VYELD.

2Hvoyn TOV GUVICTOUEVOV 1OTPIKOV EPEVVNTIKOV EAEYXOV OTNV OQOUALOAOYIKN
KAMVIKY| katd TG didyvomon g RVO:
* lotpcod 16T0pIKO
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* Métpnon aptnplokng mieong
* Extipunon g yAvkoing opov
* Epyaotprokdc éreyyxog vy yevikn e&é€taon aipatog (full blood count, FBC) kot

TayvNTo KaBilnong epubpdv apocseapiov (erythrocyte sedimentation rate, ESR)

O éheyyog TG apmnplakng mieong, g yAvkolng opov, tov FBC kot ESR,
mOavAS va aviyvedoel TNV VTOPEN ALTIOAOYIK®V ToPpayOvVI®MV KIVOUVOL TOV AIOLTOVV
emelyovoa opaocn, Omwg Kokondn vméptacr, un eieyyduevo dSafntm N ondvia
OLILOTOAOYIKEG TOONCEIS OTTMG Agvy oo
To otopikd, 1 0eOBaAUIKN eEETOGT KoL TA OPYIKA OTOTEAEGLATO TOV EEETACEMV UTOPEL
v katevdivouy mepatépw epguvnTikO €Aeyyo. o mapddetypa, €vag avénuévog
aplOpoc Aevkmv ooc@alpiov Bo pmopovoe vo. LTOONAMDVEL Agvyoipio N pia
Aeppovmepmiaotiky  Swtapayr, evod  pio  ovénuévn Ty ESR O pmopel  va
AVTUTPOCMOTEVEL 0L PAEYHOVAOON KOTACTAOT 1 [o dloTopay] TOV oilaTog Ommg pio
naponpoteivn. H Bpetavikn Awyatoroyikn Etoipeio dev ovviotd e&étaon povtivag
Opoppooiriog yio RVO [65].

Apgotepomievpa fubookomikd svpnpato Onwg apEPANCTPOEdKES atpoppayies Ba

TPEMEL VO, AVENGOVY TV LIOYIO LLOG VITOKEILEVIC GUOTNUOTIKNG TAONONG.

OIAHMA QXPAYX KHAIAAY KAI OEPAIIEIA

To xvoteogdég oidnua g wypdg knAidag (cystoid macular oedema, CMO)
TPOKOAEL TTMON TNG ONTIKNG 0EHTNTAG TOV 0GBV AOY® GLGGMOPELONG VYPOV EVTOG
TV oTPadwV Tov apeiPAncTpocdots. H ansikoviotikn e&étaomn ekloyng yio to CMO
eivar m OCT, o6mov 1o CMO amewoviletor ©G YOUNANG  OVOKAACTIKOTNTOG
EVOOOUPIPANGTPOEIDIKOVG KLGTIKOVG YMDPOVS , moL Kupimg Ppiokovtar oty €E®
dkTvO™ otifada tov apeiPAnotpocdovg (Ewova 15). Adyo g amdepacng g
QAEPOG, Ho GYETIKN aENOM NG VOPOSTATIKNG TEOTG EVTOG TV ayYeimV £vavTl TOL
ApPPANCTPOEKOD 16TOD Kol o GXETIKT 0OENON NG KOALOEWOOMGUMTIKNG TEGNG
OTOV OUPIPANCTPOEIKS 16T EVOVTL TOV ayYeEi®mV, €lval 01 000 SLVAUELS (SLVALELS TOV
Starling) mov mpoxorovv efayyeiwon vypod. O VEGF kot ot @Aeypovdoelg
KuTTOpOKiveg Tailovv eniong KaBoplotikd poro HEGH TNG ALENUEVNG SLOTEPATOTITOG

TV ayyeiov Adym g SoTaoNS TOV £€6M OLUOTO-AUPIPBANCTPOEIOKOD QPAYLLOV
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[66,67]. Mepucéc @opég mapatnpeitar vYpO KOl GTOV LIAUPIPANGTPOEOKO YDPO

(subretinal fluid, SRF), tov omoiov N mwabopucioroyia dev ivar TANP®G KaTOvoNTY).

[Tponyovueveg peréteg Exovv mpoteivel 6Tt 10 SRF otmnv RVO pmopel mpoépyetan amd

NV Kivnon eVOoaUOIBANGTPOEIIIKOD TPOG TOV VIAUPPANCTPOELOIKO YDpo [68—T71].

Kdamoleg @opég 10 oldonua vmoympel avtdpota, ®cTOGO, OTOV TOPAAANAL HE T

Jyvewon Lmdpyel WIOOT NG ONTIKNG 0&EVTNTOG, TPoTeivetal cvviBmg &vapén

Bepamneiog [31].

O¢pamneio:

1y

2)

3)

Evdobaroeidcoi anti-VEGFE mapdyovteg: Ot evdobarogdiké evécels e anti-

VEGF noapdyovieg avactéllovv tov VEGF mapdyovta, otoyegvovrag £161 Tov
VTOKEIIEVO TOBOYEVETIKO Pnyaviopd. AvTn Tn oTtypn 600 eivat ot eyKekpiévol
napdyovteg: To ranibizumab  (povipmlovpdunn) wor 1o  aflibercept
(apMPepoéntn), Phoet twv peretdv BRAVO, VIBRANT yio Ty BRVO xat
CRUISE, COPERNICUS, GALILEO yw. ™ CRVO [72-76]. To ranibizumab
elvar  éva  TURUA  OVAGLVOVAGHEVOL  AVOPOTOTOMUEVOD  LOVOKA®VIKOD
avtioopatog IgGl (tov Aginer n meproyn Fc) mov dpa katd Tov avOpmmvov
ayyslkov gvoodnilokov avéntwkod mapdyovro A (VEGF-A) [77]. To
aflibercept elvar po avacvvdvacuévn tpoteivn cbvinéng amotelodpevn ond
ouvdetikéc poipeg tov VEGF mpoepydueves and ta eEmxuttdpio TURHOTO TOV
avBpomvov vrodoyéwv VEGF 1 kot 2 evopéva pe tyv Fc poipa g
avBpomvng avococeaipivng (IgGl) [78]. H pedétn LEAVO, oe acbBeveic pe
CRVO, £¢0¢e1&e 611 10 ranibizumab dgv ftav katwtepo tov aflibercept, aAld
HKPOTEPOG aPOUOC EVEGE®V YpeLdoTNKE GtV opdda Tov aflibercept [79].

Aixknv diktdov (grid) laser: Anotedovoe v KVpla Bepameion TOL OONOTOG TG

wypdg kniidag Adyw BRVO npwv v éhevon tov anti-VEGF napaydévraov [80].
H perétn VIBRANT £é6ei&e v avotepdtra tov aflibercept [72].

Evdoboroedikd koptikootepoedn): H didpketa dpdong tovg eivar peyolvtepn

and Tig anti-VEGF evécei, motoco oyetiCovror pe ovénuéva mocootd
devTePOYEVODS KaTappdktn Kot avEnpévng evooeBdaiag micong[81-83]. To
évlepa degapebalovng (Ozurdex) éxetr Ppebel 0tL oyetiCetar pe avénon g
evoopBdAog ieong oe mocootd 20-25 %. H kopbewon g avénong g
evoopBdAog Tieong cvuppaivel kovid otig 8 efdopddeg petd v évheon tov
Ozurdex. 'Evag apyikdc €reyyoc g evooeBdiupog mieong ypedleton 4
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efdopdoeg petd v évleon. To Bepomevutikd amotéAespa Exel SLUPKELD KATH

péco 6po 4-5 unveg [84—86].

Ewéva 15. AcBevi|g pe nuapeiinotpostdikn andepatn erépog apeipAnctpoetdoic. Iave pépog:
Dotoypaeio fubov pe proyoetdeig apoppayieg kot Papparxopopees odrhoidoets. Kdtw pépog: Ontiky
TOHOYPOPio. GLVOYNG HE KVOTIKO 0idNUa ®Ypdg KNALdag (KOKKIVOG 00TEPIGKOG) Kol
vropePAnctpoedkd vypd. [Inyn: Chen Y, Peng X. Atlas of Swept Source OCT and OCT
Angiography. Springer Nature; 2023.

ANTAITIOKPIXH XTH OEPAIIEIA ME ANTI-VEGF

O1 eyyvoelg evdobaroedikamv anti-VEGF mopayoviov eivon  «gold standardy
Bepaneio tov CMO otv RVO, Ady® ™G amoTeEAeGHOTIKOTITOS KO TNG CPAAELOS TTOV
napéyovv [87]. QoT6G0, £va VTTOAOYIGIO TOGOGTO TV GOeVMOVY EUPOVILEL «UEPIKN» 1
«Kapio avTamdKplon» 6Tovg evooaroedkols Tapdyovtes anti-VEGF, éyovtog emiong

TOALOTTAEG VTTOTPOTES TOL o patoc. Ztn pedétn SCORE 2, 10 8,6% kot 10 22,5% tov
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acBevarv pe CRVO mov éloPav apykd evoobarocdikég evéoelg aflibercept 1
bevacizumab, avticTory0, TOPOVGINGAV «KOKY] OVTATOKPIoT» TOV 60 pnve Hetd tnv
évapén g Bepaneiog [88]. A&ilel va avapepOel 0L g d1dpopeg KAMVIKEG LEAETES, TO
TOGOOTO TOV AcHeVOV e «PTOYN» amoKplon ot Bepaneia frav youniotepo to 120
uva petd v évapén g anti-VEGF Oepanciog [89,90]. EmumAéov €xel pavel 6t o
opBoipoi pe RVO, mov emdeikvbouv «koh» amdkplon otn Oepameion €viog Tov
TPMOTOL TPUvoL and v €vapén tov anti-VEGF eyyboewv, cuveyilovv va &yovv
€VVOTKA OEPATEVTIKA AMOTEAEGLOTA Y10 LEYOADTEPES YPOVIKEG TTEPLODOVS, GE GVYKPION
pe Tovg oPBAALOVS TOV AVTOTOKPIVOVTOL «PTOYI» KOTA TNV 0pyIK) Tepiodo Twv 3

unvav [91].

NEOAITEIQXH KAI OEPAIIEIA

Ye aoBeveig pe BRVO, 1 veoayyeimon cvpPaivel kuplog o€ vy1ég KOUUATL TOL
apePANoTPoEdn ota. «cVvVopay pe pio TposPePAnuévn-toxouxn wepoyr (Ewova
16), Ayotepo ouyvd oTOV OMTIKO OIOKO KOl GE OMAVIEG MEPMTMGELS GTO TPOGHIO
nupopto tov opBaipnod. H veoayysioon tov apueipAnctpoeidons, av aeedel ywpig
Oepamneio, umopel va odnynoel o€ evOODOAOEWIKY Oloppayiot /KOl EAKTIKY

ATTOKOAANGY| TOV QUPIPANGTPOELOVC.

Collateral Vessels
. 5
Retinal Neovascularization
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» "‘,\

7 ' :
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Ewéva 16. ®rovopoayystoypaoio oe toyoykn BRVO pe apeifinotposidiky veoayyeioon. Retinal
neovascularization = apepAnotpoedikn veoayyeioon, collateral vessels = mapdmievpa ayyeia, retinal
nonperfusion = weployn TPYYOEWIKNG Un dmbnong, microaneurysms = pukpooavevpvouata, capillary
telangiectasia = tpryoedikn tAeayyetektooio. IInyn: Hirano Y, Suzuki N, Tomiyasu T, et al.
Multimodal Imaging of Microvascular Abnormalities in Retinal Vein Occlusion. Journal of Clinical

Medicine. 2021;10(3):405. [92]

Avrifeta, o acbeveig pe CRVO 1 veoayysioon gpeaviletal Katd koplo Adyo
070 TPOGHo NUILOPLO TOL 0PBOALOD, GTNV ipLda 1)/Kat 6T YoVia. ZTIg TEPICCOTEPES
€K TOV TEPUTTOCEMV 1] VEOUYYEIWON gUOVILETAL TPMOTA KOVTE 0TO KOPIKO YEIAOG TG
ipoag (Ewdva 17). Iepinov 10 23% tov opBoipumv pe woyoyk] CRVO avortoccovy
veoayyeimon g ipdag oe dotua 15 unvov. Xt perétn CVOS, to 44% tov
00BoAL®V TOL Tapovsiacav Opacn xepotepn and 20/200 Adyw wwyoukig CRVO,
avéntuéay ot ovvéyewn veoayyeiwon g ipwoag [39]. To 50% tov mepmtdcewv

veoayyeimong ipdag ocvpPaivel peta&d tov pnvov 2 kot 4 («yiAadkopo tov 100

NUEPDVY).

Ewéva 17. Neoayyeimon g ip1dag kovid oto koptko yeirog. IInyn: Sheyman A, Fawzi AA. Retinal
Vascular Disease; Springer Nature Singapore; (Retina Atlas) [93]

Mo toug mopamdve Adyovg, Tpoteivetal N TapaKoAoLONon TV aclevav pe
ook CRVO kdBe prva yior Toug TpdTovg 6 Uiveg Kot PeTEmeLTo Kabe 3 unveg yio
éva ypovo. Metd tov TpmdTO YPOVO TO JACTNUO HLETAED TOV EMOKEYEWDV TOL AcHeVT|
umopei va emektabel aAld 0 acBevig Ba Tpémel va cuveyicel va mapakoiovdeitat yio

tovAdyotov 3 ypovia. Ot acbevelc pe 1oyayuxy BRVO Bo mpémet va
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napoakolovBovvtal kabe 3 punveg yio émg kot 2 ypoévia. T'a acBevelg pe pun 1oyokn
CRVO mpoteiveton 1 mopakoAovdnomn kdbe 3 Pveg yio Toug TPATOVG 6 UVES, KOt Yo
TOVAGLOTOV GLUVOAMKG 18 pnveg amd T ddyvwon, A0y Tov KvdhVoL UETATPOTNG GE

woyoukn popen [31].

O¢epancio: H Bepamevtikn avripetdnion g o@haiukng veoayyeimong etvor n
laser potomn&io. H potevn evépyela amoppopdtol amd tn peravivn Tov pedayypoov
emOnAiov. O unyoviopog dpdong amodidetal oty Helwon TG Katdvaiwong o&uyodvou
AOY® TG KOTAGTPOPNG TV pmToVTod0YEmV amd to laser. To o&uydvo, mov Kavovikd
dtory€eTan amod TN YOPLOTPLYOELDN| TTPOG TOV AUPIPANGTPOELDN, UTopel TP va. dtoyEeTat,
Héc® TV OLVAGMV ToL laser, ywpig Vo KOTOVOADVETOL OTAL WITOXOVOPLO TV
eotobmodoyéwv. Avtn 1 pon 0ELYOVOL OTAVEL GTOV £6M OUEPANCTPOED| Kot
avakovpiler v vro&io Tov apePinotposdovs. H avakodeion and v vmoia
LEWDVEL TNV TOPAYOYN ALENTIKOV Topayoviov 6mwg o VEGF kot 1 veoayyeiwon
pewwvetar M dlakomtetal. Emiong, pe v avakobeion g vmo&lag, emruyydveTot
ayYEOoVOTACT 1] OTTOL0l LELMVEL TNV VOPOCTUTIKY TIECT) OTA TPLYOEWN| OyyElo Kot Tal
QAEPidIO KOl LEUDVEL TO GYNUOTIGUO OONUOTOS COUP®VO. LE TO VOpo Tov Starling [94].

Y ook BRVO pe veoayysimon, yivetar tunpatikd (sectoral) laser oty
nepoyn G oyaipiog KabBodnyoduevo amd tm PA. Xe oyaypuxny CRVO pe
veoayyeimon, mpénel va yivetal ektetapévo mavapgiPAnotposdikd laser (panretinal
photocoagulation laser, PRP). ®a mpénetl emiong va yivetan Bepaneio pe anti-VEGF
EVEGELG L€ TO TO TPAOLUO CNUASL VEOYYELMONG TNG IPLOaG 1 TNG YOVING G GLVOLOCUO
pe mavapgiPAnotposdikn eotonnéia gite v 10w nuépa (mpwv and tnv anti-VEGF
éveon) eite evtog 1-2 gfdopddwv [31,95,96].

46



KEDAAAIO S: POAOX TQN MNPQTEINQN 1HOY
KQAIKOIIOIOYNTAI AITIO TA YIIO MEAETH I'ONIAIA

ITAPAO=ZONAXH 1

H mapaogovéon 1 tov avBpomvov opod (paraoxonase 1, PON1) eivar o
yYAvkompwteivn e€aptapevn and to acPéotio, 43 kDa kot 354 apwvoéémv, 1 onoia
ouvvtifetor Kuplowg oto Nmap Ko ekkpivetar oto aipo, O6mov Ppicketar 1GyxLPA
ovvoedepévn e Mmonpmteivn vynAng mukvotntag (high-density lipoprotein, HDL). H
PONI1 ocvppetéyet evlopatikd oto petafoilopd g opokvoteivng. H PON1 mpodyet
EMIONG TIC AVTIPAEYLOVAOELS Kot avTloEedmTikég 110t teg g HDL, pewwvovtag v
vrepoéeidmwon g AMmompwteivig youning mokvotntag (low-density lipoprotein,
LDL), ta ovipoaoctikd &€idn o&uydvov (reactive oxygen species, ROS) kot tnv
npoadnpoyévo o&ewdopévn -LDL (ox-LDL), 1 omoia givatl évag 1oyvpog enaymyog
appd®V KVTTdpwv [97-99]. Zmv Ewdva 18 aneswoviletor oynuatikd o poAog g

PONI.

Macrophage deposition

Blood vessels

Liver
< U

™ VIDL —— NativelDL [——)> Oxidized LDL

PON1 msssss) | PONIin HDL [ ros |

1 /
| —

Peripheral tissues

Ewéva 18. Zynpotikn ameicovion g Aettovpyiog tov evivpov mapaotovion-1 (PON1) og mpog v
mpoaymyn g dpdong g HDL kot ) peioon tov ofedwtikov otpeg. [Inyn: Moya C, Maifiez S.
Paraoxonases: metabolic role and pharmacological projection. Naunyn Schmiedebergs Arch Pharmacol.
2018;391(4):349-359. [100]
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AITOAIIIOIIPQTEINH E

H oamolmonpoteivn E  (APOE) éyet yvootég avii-aOnpoyodveg Ko
AVTUPAEYLOVDOELS OPAGELG. LVYKEKPUUEVE, GUVOEETAL LLE TOV VITOJ0YEN ATOTPMOTEIVDOV
yopunAng mokvomntog (LDL), coppdrriovtag €16t oty kdbapon tov TAoLCIOV GE
TPLYAVKEPIOI MITOTPOTEIVOV amd TNV KuKAoQopio Kol oTn HEIwon TOV emmédmv
xoAnotepdAnG oto mAdoua [101-103]. Eniong, n APOE xotactéAder Ty evepyomoinon
TOV GULOTNUOTOG TOV GUUTANPAOUATOS KOl TNV OTEAELOEPWOOT TPOPAEYHOVOIDV

KUTOKWVAV amtd appadn kuttapo [104].

ITAPAT'ONTAX 1 IIOY ITPOEPXETAI AIIO TA XTPQMATIKA
KYTTAPA

O mapdyovtag 1 mov Tpoépyetal amd oTpopatiKd kottopa (stromal cell-derived
factor 1, SDF-1) givot por opolooToTIK) YOHOKIVY, HEPOS TNG VITOOIKOYEVELNS TOV
potifov C-X-C (ermiong yvoot| wg CXCL12). H vro&ia kot n evoodniwokn PAGN
emdyovv T yovidwakn €xkepacn SDF-1 ota evéobnAlaxd kdttOpo 0dnydviag o€
eAeypovn, amedevBépwon VEGF (uéom evoc Ppdyyov Betikng avadpoong) o
emokolovdn didomacn tov aipato-opEPANCSTPoEdIKod Ppayrod. Mio dAAN Poctkn
Aertovpyio tov SDF-1 givat o puBuotikdc poAog Tov 6TV KIvTonoinot evoodnAtakmy
TPOYOVIKOV KVTTAP®V TOV TPOEPYOVTIOL OO OUOTOMTIKG PAAGTOKOTTOPO KATO TN
JldIKAGI0 OTOKOTAGTACNG TOL OYYEWKOL €vOOOMAIOL KOl TOV GYNUATIGHOD VEWV

ayyeiov (veoayyeimon) (Ewova 19) [105-107].
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Bone Marrow Ischemic Tissue
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= no

Stromal niche | Vascular niche

Ewéva 19. To onfpate mov mpokdTTOuy and vro&tkoOg/IoYOLKoVG TEPLPEPLKOVG 1GTOVG, 0d1YOUV
avénon otig ovykevipooels Tov VEGF kot tov SDF-1 oto aipa, kot dieyeipouv v kivntomoinon
gvoonhokodv mpoyovikewv kuttdpov (haematopoietic stem cells, HSC) mov mpoépyovrar omd
awpomowmrikd PAactokvttapa (endothelial progenitor cells, EPC). IInyn: Balligand JL, Feron O, Dessy
C. eNOS activation by physical forces: From short-term regulation of contraction to chronic remodeling

of cardiovascular tissues. Physiol Rev 2009 Apr;89(2):481-534. [108]
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KEDAAAIO 1: XKOITIOX THX AIAAKTOPIKHX ATATPIBHX

H andgpaén e eA&Pog Tov apePAncTpoetdong eivat 1 deVTEPT GE GLYVOTNTA
ayyslokn TaOnon tov apEPANGTPOEd0VS HETA T SofnTikn apeiPAnctposidonddeia,
pe emumoAacpd mov vroroyiletor o€ 5.2 avd 1000 dropa Kot 0 omoiog extipdrton 0Tt Ha
avéndet émog 10 2050 katd 20% [16-18].

H ottionaBoyévela g andepaing g eAEPag Tov apgiPAnctpogdois eivor
TOALTTAPOYOVTIKY], ®©OTOC0, ot akpiPeic maboyevetikol pnyovicpol mopapévovy
AO1EVKPIVIOTOL. ZOUPOVO PE TNV EMKPOTOVGO Bewpia, 1 GLUTIEST KOl 1 UNYOVIKY
oTévoon ™G apPPAncTpoedtkng eAEPag and pia abnpopatiky aptmpio pall ™
QAEYLOVI] IOV TPOKOAEITAL amd TN QAEPKN oTdoM €ivon Ta KOpLo. TAHOYEVETIKA
veyovota (Euova 20). H tpuada tov Virchow mov amoteleitor and erefikn otdon,
TPOVUOTICUO TOL AYYEWKOD €VOOOMAIOL KOl KOTAGTAON LAEPTNKTIKOTNTOG, Toilgl

ONUOVTIKO POAO Y10 TO GYNUATICUO TOV apytkoL Bpopupov [26,92,109].

Endothelial Injury BT Hypercoagulability

Virchow's Triad , 2Tz N
> s

Abnormal Blood Flow

‘-I%l‘-lél

D

i
-~ -
-

Ewoéva 20. AwtionaBoyéveia e amdepaing eAEPag tov apeifinotpoegidovs. I[Inyn: Hirano Y, Suzuki
N, Tomiyasu T, Kurobe R, Yasuda Y, Esaki Y, et al. Multimodal Imaging of Microvascular Abnormalities
in Retinal Vein Occlusion. J Clin Med. 2021 Jan 21;10(3):405 [92]
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‘Exouv avayvopiotel d1dQopol GLUGTNUATIKOL TTApAyovTeG KvdUVOL, TOL
001 yovV o€ amdPpacn OAEPAG AUEPANGTPOEIBOVGS, £1TE KEVTPIKT, £iT€ KAMOIKN. TETO101
TAPAYOVTEG €Vl M OPTNPLOKT VTEPTOCT, O GAKYOPDOONG dafntng, 1 SvcAmdaLia,
Kapdwyyelokég madnoeg, Opopfoeilikég drotapayés Kot oBUAUKES KATAGTACEL,
Omwg 10 YAavkopa [25,26,56,59,110]. EmmAéov, tedevtoio Kamoleg pehéteg £xouvv
avadeigel T GLGYETION TN TABNONG HE YOVIOOKOVS TOAVLOPPIGLOVE, TTOV AVEAVOLV
ToV Kivouvo evac BpopPwticod enel60diov, [LE OVTIKPOVOUEVE MGTOGO OTOTEAEGLLOTO
[64,111-120]. Kdmotot dALol epevvnTéC 0TOYEVGAY VO AELOAOYHCOVV T GLCYETION TNG
RVO pe yevetikobg molvpopeiopovg mov oyetilovtar pe v afnpookAnpmaon Kot
eAeypovn [121-129].

YKOMOG TNG TOPOVGAG OOUKTOPIKNG STPIPNG ivat va dlepeuvnoeL TNV AV
OLGYETION TEVIE LOVOVOVKAEOTIOIKMV YEVETIKMV TOALHOPPIGUOV (single nucleotide
polymorphisms — SNPs) oand tpio Swwpopetikd yovidia mov oyetilovior pe T0
o&edmTikd otpeg kol ) QAeypovn [amolimompwreivy E (APOE), mopoolovaon 1
(PONI) xou wapayovrog 1 mov mpoépyetar anod orpwuatike kvtrapo. (SDF-1)] pe v
amoepaln EAEPag apEPANCTPoEdoVs o eAMVIKO TANOBvopo. EmmpocOeta, va
aflohoynBel M OLOYETION TOL YOVOTUTOL WE TNV OVOTOUIKY KOl AETOVPYIKY
avtomdkpion oty evoovaroedkn Beponeio pe anti-VEGF mapdyovteg, n omoia dev
elye peremBel mg Topa.

Yuykekpuéva peretnOnkav ot moivpopeiopoi: APOE 1rs429358 ko rs7412
(mov 0 cvvdvacudg Tovg divetl Tovg 3 amAdtumove- aAniopopea E2, E3, E4), PONI
1s854560 (1 adAdg L55M) ko 15662 (1] adiudg Q192R), kot 0 molvpopeiopnds SDF-1
rs1801157 [ adwdg SDF1-3'G(801)A].
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KEDAAAIO 2: YAIKO KAI MEOOAOX

H cvykexpipévn ddaktopikn datpiPn arotedeiton omd dvo pépn: 1)
TPOOTTIKY UEAETT) TNG AVTOTOKPIONG TOV aclevav otn Bepaneia, Kot 2) perétn
acOevav-papTOpOV.

Ot acBeveic mTov copmeptAnEONKav o ot TN dwakTopikn dtatpPn Nrav 50
dwdoywkol acbeveig pe mpotodiayvaldpevn RVO kot devtepoyevég oldnua oypdig
KNAidog otnv meployn tov kevrpkov Pobpiov. Ot acbeveis, ot omoiot dev giyav AdPet
€m¢ 10TE KOmowo Oepameio, TAPOLSLAGTNKAY KOl OepamenTNKAV LE EVOODOAOEIOKES
evéoelg anti-VEGF o610 Attikév Nocokopeio, otn B’ [avemom ok OpBaipoloyikn
KAk tov EBvikod ko Kamodiotplakov [avemotuiov Adnvav. H didyvoon g
RVO éywve khvikd pe PBdon v mopovcio aipoppoayidv Tov apueiPBAncTpogdovg,
dltaon  TOV  EAEB®OV  TOL  AUEIPANGTPOEIDOVS, EAK®OoN TV ayysiov TOL
apEPANCTPOEBOVS,  PAOYOEWElC, OTIKTEG KOl KNAWMOES —oipoppoyieg  Tov
apeIPANCTPOEBOVS, HE N YOPIG CLUEOPNON TOVL ONTIKOV diokov, HE 1N YOPIG
Bappaxopopeeg arrowwoels. H dibyvoon emPefoidbnke pe @lovopoayysioypoeio
BvBo? (fundus fluorescein angiography, FFA) kot spectral domain ontikr| topoypoeio
ouvoyng (SD-OCT). AcBeveig pe dAreg apeipAnotpoeidikés mabnoelg ektoc RVO,
yhookopo pe evéoeOdAipia mieon (intraocular pressure, IOP) peyoidtepn omd 30
mmHg, oeBaiuiky @Aeypovr, whOnon Tov KeEPATOEWOVS, TPOVUN, 1OTOPIKO
0PBOALOLOYIKOD YEPOVPYEIOL TOVG TPONYOVUEVOVG 6 UNVeS, KaBMG Kol eketvol pe
avemapkn/un alohoynoun (my. A0yo Bolepotitov TV OOAACTIKOV HECMV)
ATEIKOVIOT, OTOKAEIGTNKAY OO TN LEAETN.

21 Saxtoptkn dTpiPr] copmepAnednkay eniong 50 vyieic papropeg (age-
kot sex- matched) wg opdda eAéyyov. Ta dropa g opadag eAEYYOL EMOKEPONKAV TaL
Eéwtepikd latpeio g B’ Tlavemomuokng OeBoiporoywne Kiwvikng vy
0pBoALOLOYIKO EAeyy0 pouTivag. OAol 01 GUUUETEXOVTEG NTAV EAANVIKNG KATOYWYNG
Kot Ogv giyov kdmow ovyyévewn petad tovg. Ta onpoypagikd otoyeio ToV
CLUUETEYOVTOV (NAKia Kot @OA0) KOl TO 10TPIKO TOVS IGTOPIKO KOTOYPAPNKAV.

Ta dropa Bewpnnke 411 Exovv aptnploky VaEPTacn OTAV VINPYE 1GTOPIKO
OVTITEPTACIKNG QPOPUOKEVTIKNG AY®YNG 1| EXOVOAQUPOUVOUEVEG, GE 2 1] TEPICCOTEPES
TEPIMTMOOELS, LETPNOELG TG OPTNPLUKNG TOVG TTEGNS G€ KATAoTOoN Npepiag > 140/90
mmHg. O caxyopddng dwfng ko n dvchmdoayioo Oewpndnke 6Tl VEGPYOLY CE

dropa mov Ppickovrav vd Oepomeio pe avTidPNTIKE EAPUOKO KOl QAPHOKO TOV
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LELOVOLV T YOANGTEPOAT (OTMG OTOTIVES), AvTioTOYKO.

To epguvnTiKd TPOTOKOALO NG HEAETNG NTOV COUOOVO HE TIC OPYES TNG
Yvpeoviag tov EAcivkt kot édaPe Eykpion and to emotnuovikd cuppodito (ApBude
[Mpowtokdirov 290/2020). 'Eywve Aqym évtumng ovykatdBeong omd OAOVG TOLG
CUUUETEYOVTEG, LETA OO EVNUEPWOGCT] TOVGS, TPV VO, GLUTEPIANPOOVV GTN PEAETT).

Kotd mv mpot emiokeyn kot 01dyvoon Tovg OAOL Ol GUUUETEYOVTEG
vrefAnOncav oe TANPN 0POOALOAOYIKY] £E£TOCT) GUUTEPIAOUPAVOUEVTG TNG LETPNOTG
¢ KaAvtepa dopBopévng ontikng o&utntog (best corrected visual acuity, BCVA) oe
nivakeg katd Snellen (éywve petatponn oe kAipaxko logMAR yio ™) oTOTIOTIKA
avdivon), eEétaon ot oYoHoew] Avyvia, HETpNOM NG EVOOPOOAUOG TieoNG
ypnowonowwvtag Goldmann tovopetpo emmédwong, Puvbookdémnorn petd  amd
pudpiaorn, SD-OCT kot FFA pe t gprion tov pnyoviuatog Spectralis (Spectralis
HRA+OCT, Heidelberg Engineering, Heidelberg, Germany). To tumikd mpotéKoALo
Mymc SD-OCT amotelovvtay amd £E1 akTVIKEG Gopdoelg 3 mm [ {00VE YOVIKoHS
TPOCAVATOAIGLOVG GTO KEVTPO TOL Bobpiov kat Evav kvBo 20x20°, pe k€vipo Tive® 6To
BoBpio kot 49 oprldvtieg ypappég raster, og ioeg amootdoelg 120 um petagd tovg. To
HEGO YOG TOL AUPIPANGTPOEIBOVG EVOG KUKAOL dtopétpov I mm pe Kévipo Tave omd
10 Pobpio, ocvppwva pe to vmomedia mAEypatog g Early Treatment Diabetic
Retinopathy Study (ETDRS grid subfields), 1o omoio ovopdletonr méyog KeVIpKov
vromediov (central subfield thickness, CST), kataypbonke perd oand kabe Aqyn SD-
OCT. EmmAéov, 1 woyopio g wypdg knAidag agoloynnke pe m devépyeia FFA,
TOPOTNPADOVTOG OV LITAPYEL dtaTopayn /Kot avEnon tov peyéboug g avayyelag {ovng
Tov Bobpiov (FAZ).

O)ot o1 acBeveic voPAnOnKav oe Bepameia pe evoodaAOEOIKEG EVETELG anti-
VEGF, gite 0.5mg/0.05 ml ranibizumab &ite 2.0mg/0.05 ml aflibercept, akorovBmvtag
&va TPMTOKOALO TOVAGYIGTOV 3 UNVii®V EVEGE®V Kol 6TN cuvEXEL pro re nata (PRN)
péypt tov unva 12 amod v évapén mg Bepaneiog . H péomn didpkeia tov ypoévov amd
dryvaon g RVO émg v évapén g Bepameiag yio 1o oldnpa oypdg kniidag ntov
pio gfoopada. Kpurnpua yia tn cvvéyion tng Bepaneiog pe evéselg nrav: n peiowon g
BCVA «o1d tovAdytotov 1 ypapun Snellen (wov icodvvaypet pe dtapopd 0,1 logMAR)
N/xar peiwon tov CST<10% og ovyKkpion pe v tponyoduevn erniokeyn n CST >320
um. Olot ov cvppetéyovteg mapakolovbovvrav Kabe unva yuoo 12 piveg petd v
évapén g Bepamneiog. Xe KaOe enickeyn mapakoiovdnong, ot acbeveic vtoANON KoV
oe pétpnon BCVA kar SD-OCT, evo FFA mpaypatorotobvtay Katd v kpion Tov
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wtpoV. Tov 120 unva, a&loAoynonke N OVOTOUIKY KoL AEITOVPYIKNY OVTOTOKPLIoN OTNV
Oepaneio pe evdoboroewdikovg mapdyovteg anti-VEGF. H dwapopd ot BCVA
(ABCVA) peta&d g apykng BCVA katd ) owdyvoon (BCVAO) kot tng BCVA 1o
uva 12 (BCVAT12), kabng ko 1 dwaepopd oto CST (ACST) peta&d tov CST katd ™
dtdyvaon (CSTO) kot tov CST to piva 12 (CST12) vroroyiotnke yia kb acOevn.
[Tévte povovovkieotidukol moAvpopoiopot (single nucleotide polymorphisms,
SNPs) tpidv dtapopeTik®dv Yovidiov, cvykekpipuévo APOE 15429358 ko rs7412, PONI
r$854560 kot 15662, koar SDF-1 rs1801157, emdéyOnkav yia vo cupmeptinebodv ot
HEAETT), HeTd amd pia oXOAACTIKN avaokonnor PiPAloypapiog Tave oTn YEVETIKY TNG
amoepacn g EAERAS TOL AUEPANCTPOELDOVS, AOY® TNG GTEVIG TOVG GUVOESTG LUE TN
QAeypovn kot 1o o&edmTikd otpec. EAednoay detypata aipotog kot amd toug 100
CUUUETEYOVTEG OTY UEAETN] HEC® TEPLPEPIKNG QAEPIKNG TopaKEVINONG, TO Omoin
cLAAEYONKaV oe cwAnveg atBvievodtapivotetpaosikod o&éog (EDTA tubes). To

TPMOTOKOALO TNG YOVOTLTIKNG OVAAVGTG TEPLYPAPETOL OVOAVTIKE TOPAKATE.
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Amopovoon yevopikov DNA

H oamopoévoon yevopikod DNA pe 1w ypnon TPOKATOUGKELOGUEVOV
avtpaoctpiov (kit) aropdvewons mov Paciloviol 6e GTHAEG GLVICTA [0 OTAT Kot
Tayeio odtkacio mov gumintel oG pnebddovg amopdvmong DNA otepeng odong. H
HEBOSOC eMTPEMEL TNV TAVTOYPOV EMEEEPYOGIO IKAVOTOMTIKOL aptOpoy detypdtmv
buffy / whole blood and mowidio 1otdV, pe TaydTTo Kot aglomiotio avatepn pebddwv
vypng  odong. H dvvatdommta ypnong mhtov 96 mmyadidv, oAAG Kol
OVTOLOTOTOMUEVAOV TAATQOPUAOV ETITPEMEL TNV €QAPUOYN TG HEBOJOV og peydAovg
aplOLOVG KAIVIK®OV OELYHATOV.

H amopdveon DNA pe ) yprion otnAdv euyokévipnong faciletot otnyv 101k
ovvBeon g HepPpavne e oAng, mov eumepiEyel o&eidio tov mupttiov (silica gel).
To o&eido tov muprtiov pmopel va mpocdécer 10 DNA katd avtiotpentd tpdmo
avdAoya pe v ovikn ocvvleon tov mepPdAilovioc. Metd v KuTTOpIK) ADON Kot
arodounon tov tpoteivov, 1o DNA katakpnuviletar pe v mpocOnkn aAkooAnc.
Kotoémy 1o didlvpa dinbeitar dio pécov g HepPpdvng g oTANG Le TNV EQOPLOYN
euyokévipnong kot o DNA katokpoteitor amd 1o 0Eeidlo Tov mupitiov, Evd ot
TpWTEIVEG KOl AAAeG Tmpoouifels dwomepvodv T othAn. To mpocdedepévo DNA
eKTAEVETOL Kol TEAOG EKAOVETAL e VYPO ELEVLOEPO VOVKAEAON G | UE YOUNANG LOVIKNG
1oYVO¢ d1dAvpa. Me Tov TpdTO QVTO, TPOKVTTEL [E IKOVOTONTIKY] 0mddoon DNA mpog

yprion otv PCR 1) 6¢ dAheg eviupotikég avtidpaoers.

Anopovoon DNA pe Macherey-Nagel kit

E&omhopog kot avtdpactipla yio Macherey-Nagel kit

e >mAec Nucleo Spin blood (Macherey-Nagel, I'eppavia)

e PuOuotico dwivpa B3

e PuOuotico didivpa BW (Wash buffer)

e PuOuotikd Sdivpo BS (Wash buffer) (opoioon pe mpooOnkm
amOAVTNG VO C)

o PuvOuotico ddivpa BE (Elution buffer)

o Ilpoteivaon K (Macherey-Nagel, I'epuavia) (didhvon pe pubuoctikd
dlvpa Tpwteivaong PB)

e AwBavoin amdrivn (96-100%)
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PuBuioticd  owdlvpa  PBS  (Phosphate-Buffered Saline) (otig
nepimtooelg <200 pl detypatog)

Sonvapla puyokévrpnong 1,5 ml

AxpopOyyn ue eidtpo

[Tuméteg (Thermo Fisher, USA)

duyokevtpog (Biofuge, Heraeus, ThermoFisher, USA)

Yvokevn Vortex (Fisher, USA)

[Mewpapatikn dadikacio

1.

Ytov mubuéva evog cwAnvapiov eppendorf 1,5 ml tomoBetodpe 25 ul
npoteivaon K.

[TpocBétovpe 200 pl buffy / whole blood.

[TpocOétovpe 200 pl puBotikd ddivpo B3 kot avadevovpe Eviova
yw 10 sec.

Enwdlovpe og Bepuokpacio dopatiov yio 5 min kot otovg 70° yia 15
min.

[TpocBétovpe 210 pl aBavorn 96-100% (a@od 10 mEPlEXOUEVO TOV
ocwAnvopiov KPLMGEL) Kot avadevovpe Eviova yia 15 sec.
Metagépovpe TPocekTikd To Tponyovuevo pelypa o por NucleoSpin
oA, N omoia gival TomoBeTnuév TAve o€ Eva cwAnvaplo twv 2 ml,
yopic va vypaviel to yeilog g omAng. Kielvovpe to xomdxt tng
oTAng Kot euyokevtpovpe ywoo I min ota 11000xg. Tomobetovpe
omAn o€ éva KaBapd coinvdaplo tov 2 ml (mapéyetor and o kit) kot
TETANE TO COANVAPLO TOV TEPLEXEL TO VYPO.

Avotyovpe TpooekTikd To Komdkl TG oTHANG Ko tpocBétovpe 500 pl
puouoTiKd ddlvpa epyaciog BW ympic va vypavleil 1o yeihog g
oming. Kieivovpe 10 xomdkt kot @uyokevipovpe yioo 1 min ota
11000xg.ToroBetovpe TN othAn o€ éva Kabapd coinviplo Tov 2 ml
KO TETALE TO COANVAPLO TOV TEPLEYEL TO VYPO.

Avotyovpe TpooekTikd To Komdkl TG oTHANG Ko tpocBétovpe 600 pl
apotopéEvo pubuotikd didAvpa epyaciog BS yopig va vypavOel 1o
yeihog g otAng. Kielvovpe to komdkt kot puyokevtpovpe ywo. I min
ota 11000xg. TomoBetoOpe ™ 6THAN o€ €va KaBapOd cOANVAPLO TV 2

ml Kot TETAUE TO COANVAPLO TOL TEPIEXEL TO VYPO.
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9. Xopig Vv mpocHnkn mepattépm S1OADIOTOS PUYOKEVTIPOVUE GE PLEYIOTN
ToyOTNTO Yo Alya devtepdAienta. O oKomdG ovToD Tov PriHaTog eivar n
amopdkpuvon g nepicoetag abavorng, Tov uropet va emitevydei ko
ne euyokévrpnon ywo 3 min 6to Tponyovevo Prpa (Prina 8).

10. TomoBetoOpe T oTNAN o€ éva kaBapd coinvapio eppendorf towv 1,5 ml
(0ev mapéyeton amod To Kit) Kot TETANE TO GOANVEAPLO LE TO Alyo VYPO TOV
nePLEYEL. AVOTYOVUE TPOGEKTIKA TO KOTAKL TNG GTHANG KOl TPOGHETOVLE
100 pl SwAdpatog éxiovong BE, mpobepuacpévo otovg 70°.
Awmpnon oe Ogpuokpacio dwpotiov ywoo 1 min kot TEAKN
euyokévtpnon yw 1 min ota 11000xg. To amoktnOév DNA puAdooetal

otovug -20° C.

Xvoppatikn) PCR Avtidpaon
H aAvcidm avtidopacn moivpepdong (PCR) sivar pua pébodog amotelecpatiky yio v
in vitro mopoymyn HeYOA®V TOGOTATOV cuYKeKpEvav meptoydv DNA. Ta arapaimto
OLOTATIKA Yo TNV dtadikacio ovtn ivo:

e Avo ovvBetikoi vouvkieotidikoi exkivntég (~20 vouvkieotidin o kaBévag),
CUUTANPOUATIKOL TEPLOYDV € OvTIOETEG TAEVPES TV dVO0 AAVGIOWV £TOL MGTE Vo
nepikAeietar avapeoa tovg 10 DNA-oté)0c. Ot ekkivntég avtol peETd TNV
vPpdomoinon pe 10 DNA otdyo éxovv ta 3’ —OH dkpa avtikplotd petald Toug.

e Mo aAnAovyio-otdyog, detypnatog DNA, mov Ppioketan peta&d tov {evyovg tmv
exkKivynTOV Kot propel va €xer pnkog 100-35000 bp.

o Ogpupoaviektiky DNA molvpepdon, dote va avtéyet oTic VYNAES Bepokpacieg mov
QTOLTOVVTOL YLOL VO EVTOTIGOLV Ol EKKIVNTEG TIS CUUTANPOUATIKEG OAANAOLYiEG
voukieoTdimv tov DNA.

o Téooepa deo&upipovovkieotiown (ANTPs).

H DNA moAvpepdon ypnowonolel povokiwvo puopto DNA og ekpayeio yio
obvBeon evog véou ovumAnpopoatikod kKAdvov. Ta povokiwva pdpla pmopodv va
napoyBodv pe amdd tpomo ond dikAwva popte tov DNA, dtav Oeppaivovtal oe vymiég
Bepurokpaocieg, omote amoywpiloviar. H DNA moAvpepdon amaitel eniong v mopovcio
evog pikpov tunpatog dikdkmvov DNA yuo v évapén g cvvBeons. Emopévmg to onpueio
évapéng g obvBeong tov DNA pumopei vo kaBopiotel pe tv  ypnomn  &vog
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OALYOVOUKAEOTIOIOV EVOPKTIPLOL HOPIov (EKKIVNTH, primer), TOV GLVOEETAL [LE TNV UTPO
oe avtd axpipadg to onueio. ‘Etol pe v KatdAAnAn €mioyn eKKivntdv UmopovUE Vo
katevfovovpe T DNA molvpepdon va cuvBécel cuykekpiuévn meployn tov DNA.

Mia tomky Swdwacic PCR mepiéyet évav apBud emavoropfoavopevov KuKAMKOV
ddkacldv, yoo Tov moAlamiactocpd tov DNA otoyov. Kabe kdxhog mepiéyel tpia
Brpoto:

1° ppa: Azodraraéy. To mpdTo 6TAd10 €ivar 1 Bepukn) amodidTaén tng dikAwvng aAvcidog
oTOYOV, TOV EMTLYYAVETAL ALEAVOVTOGS TN BEpIOKPAUGio GTO GOANVEAPLO OVTIOPOCTG GTOVG
95 °C. Z1o otédwo avtd oto ocwAnvaplo avtidpaong mepi€yovtar: to dNTPs, 1
Oepuroavlextikny moAvpepdon kot to {evyog ekkivntdv oe mepicosw. H Oeppoxpacio
dratnpettat ekel yuo éva mepimov Aento.

2° Pruo: ¥ppidomoinen. Xto dehtepo ot1ddlo, TG vPpoomoinong, n Bepuokpacio Tov
plypotog otadiokd katefaivel mepimov otovg 45-65 °C (n Bgpuokpacio avtny mowkiletl
avdioya pe Tig akorlovdieg). Katd tn didpkela ovtov Tov 6Tadiov ot eKKvTEG oynuatitovv
Cevyn Pdocwv pe TIg sUTANP®UOTIKES TEPLOYES Tov DNA otd)0v.

3° Pua: Emérracny. 1o 1pito otddo, | Beppokpacio avdvetar otoug 72 °C, dmov givor
BéAtiomn Beppokpacio yio TNV KATOAVTIKY dpdon ¢ moivpepdong. O ypodvoc emdOCNC
TOWKIAEL avdAOYQ e TO UNKOG TOL TUHOTOG 6TOYoVL. H cuvBeon tov DNA apyilet 6to 3 —

OH dxpo kdBe exkkvnT.

1st cycle 2nd cycle 3rd cycle nth cycle

J” P
o Denaturation e Annealing 9 Extension O LT
LT —
— = LI
/“ ™
DNA template _r 1 3. 5 M
with sequence A by HIIIII' r """
of interest 1IN i ) ™ - PCR product
5 3
i TRk - m““m
1L kbl |
3 5 J" Miun e
m qrrrey Y \ MW PLUST ] ~2" copies
7 N Primers N w ] oL HIIIIII
dNTPs qHfry 5 3 [
j i u o
pa i
ymerase .
‘ J" Mifan
I““mnnI pL
bhibiky Hlnmn
1EE hkkbd 1

Ewova 21. Zynuatikn tapdotoaon g PCR avtidpaong.
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Opyavoroyia

Mo v exktéheon g avtidpaong ypnowomomdnke o Beppkds KLKAOTOMTNG:
Eppendorf 5331 Gradient MasterCycler, o omoiog avtamoxpivetal oTlg KoOMUepvEg
OTTOLTGELS TOL EPYACTNPION LE TV ToyVTNTA Kot TV gveA&ia mov apéyet. To Opyavo avtd
drabéter vodoyeig eite Yo coinvéapio PCR tov 0,2 mL (yopnrtikdmra 96 Bécewv) gite Tov
0,5 mL (yopntikdmrta 77 0écewv) gite yio pia TAGK pikpotithodotnone. O cuykekpiévog
Oepikdg KUKAOTOMTAG TPOYPOUUOTICEL HEC® YNELOIKOV TANKTPOAOYiov Kot €kBeong
ewovag oe LCD 006vn. Eniong pmopel ybpn ota Beppikd otoyyeio peltier mov drabétet va
vroPdAdet Ta delypata oe TayvToTeS avuydoelg Beppokpaciag (3 °C/sec) 1 kot petdoetg (2
°C/sec) kar oe KOKAovg aAlayng Beppokpaciog petasd 4 °C kot 99 °C pe axpifero £0,2 °C.
O péywotog apBuog kOKAwv mov pmopel va mpoypappoticst givar 99 xokiot. O
OLYKEKPIUEVOGS Bepikdg KuKAOTOMTNG £xEL duvatdtnTa amobnkevong 100 Tpoypappdtov
kafdg kot 1 vmodoyn vy kapto 1M omoio €yer T SvvardotnTa amobrkevong 10
npoypappdtov. O Eppendorf 5331 Gradient amAomotet tn dtadikasio g PCR avEdvovtog
TIG OLVATOTNTEG KoL TN ToYVTNTO TNG OladIKaciog, eKTEA®MVTOG test Tavtdypove Ge
dwpopetikég Beppokpaocies. H Aettovpyia avtr empénet ™ Pobuoion Oeprokpactok
dtpopd émg 20 °C katd pnkog g OBeppkng madkog (péon tun 10 °C). 'Etot moArég
avTIOPACELS 0 SPOPETIKEG Beprokpaciec Umopobv va oAokANpmBoHV TV 1d1a ¥poviKY|

oTLYUN).
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Ewova 22. Zynuotikny mapdotacn tov Beppkod kvkiomomty Eppendorf 5331 Gradient
MasterCycler.

YovOnkeg PCR 710 Tovg vwoxkivntég Tov yovidiowv PON1, SDF-1 (CXCL12)

Mo to yovidlo PONI peretOnkav 600 molvpopeiopoi, o L55M oto €€6vio 3
(rs854560) ot o QI192R ot0 €£6vio 6 (1s662), MOV TWPOKOHATOLV MO TNV OAVTIKOTAGTAO
(substitution) ¢ Agvkivng (L) amd tn pebeovivn (M) ot Béom 55 kot Tov yAovtapvikod 0&€og
(Q) amd v apywivn (R) otn 6éon 192, avtictorya. Ot ekkivntég tov PONI yuo ) PCR elqednoav
ano to dpbpa twv Cozzi et al. kot Zama et al. avtictoyo [130,131].

[Na 10 yovidwo SDF-1 (CXCLI2) peremOnke o moivpopeicpos 3°G(801)A
(rs1801157), mov avtimpocwnevet pia petdntmon (transition) G—A ot 6éon 801, mov evromileton
omv 3" apetdppactn meproyn (UTR). Ot exkivntég g vod pekétn mepoyng emednocay ond 1o
apBpo Szigeti et al. [132]

Téhog, yio v APOE yovothnnon tov delypudtov £ytve Mym TANPoeopLdY and To
apOpo tov Hixson et al. [133] Avdykn ywo yovotomnomn TpokOnTel Ady®m TG VTapENG IGOUOPO®OV
OV JPEPOLY HETOED TOVG € OVO AVTIKOTAOTAGELS apvo&émy ota katdiouma 112 kot 158 wov
npokdnTovy and T—C 1 C—T onuetokn petdiraln oto e£6vio 4, 0dNy®OVTAG 6TV TOPOLGia EiTE
Kvoteivng eite apywivng: E2 (Cys112, Cysl58), E3 (Cys112, Argl58) kot E4 (Argl12, Argl58).
To ohvoro TV ekkivnToOV Tapackevdotnke and v Eurofin Genomics. [Tapackevdotnkay yio tov
K@Oe exkvnty SwwAdpota mopoakatadnkne 100 pmole/ul. (stock). Ev cvveyeio amobnkedtnkav

dwdvparta epyasiog 20 pmole/ul (work) éneita and apaimon pe vrepkadapo vepd. ZTOVG TOPAKATO
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nivakeg kotaypdoovtal ot akolovdieg Tov ekkivntdv Yo 11§ ovidpdoel; PCR kabohg kot ot

ouvOnkeg TV avtidpdoewmv PCR yia 6o o yovidia.

IMivaxag 1. AkoAovBieg exkivnTov

Gene/ Exxwvntig apécbiog (5°—3°) Exxwntig avacetpoog (5°—3°) PCR PCR npoiov
ApiBpdg Tm (°C)| (bp)
E&oviov

PON1 EX3 | GCTCTAGTCCATCAATTTAAAACAAA TGGGTATACAGAAAGCCTAAGTGA 56 394

PON1 EX6 | TATTGTTGCTGTGGGACCTGAG CACGCTAAACCCAAATACATCTC 56 98

SDF1 EX10 | CAGTCAACCTGGGCAAAGCC AGCTTTGGTCCTGAGAGTCC 50 302

APOE EX4 | ACAGAATTCGCCCCGGCCTGGTACAC TAAGCTTGGCACGGCTGTCCAAGGA 60 244

Mivaxag 2. [epopatikd mpotdékorro evioyvong pe cvppatikn PCR yia to yoviown

PONI, CXCLI12 peg yprion GoTaq G2 HotStart ce teAiko dyKo dtoaidpatog 25pul.

AvtiopacTtipro IpootiBspevog oykog (ul) Tehkn ocvykévrpmon
H>O 10 -

[Ip6c610g EKKIVITNG 0,5 0,8 pmol/ul
pmol/ul)

Avaotpopog  ekkwvntig | 0,5 0,8 pmol/ul
pmol/ul)

Taq molvuepdon GoTaq | 12,5 1X
HotStart Green Master N

Promega (2X)

DNA 1,5 -
2VVOMKOG OYKOG 25 -

Mivaxag 3. epopatikd mpotékorro evioyvong pe ocvpPatiky PCR yu 10 APOE

yovidwo pe xpnon Qiagen HotStarTaq Plus (2X) og tedikd dyko dwoddpatog 17,5ul.

Avtiopactipro Apyucn [pootiBspevog | Tehukn
YuykévTpoon oyxog (pul) OVYKEVIPOOT)

H>O - 4 -

[Tpdc610¢ ekKIvNTAG 20 pmol/pl 0,75 0,8 pmol/ul
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AvAacTpOoQog 20 pmol/pl 0,75 0,8 pmol/ul
EKKIVITNG

Qiagen  HotStarTaq | 2X 8,75 1X

Plus mix (2X)

DMSO - 1,75 10%

DNA - 1,5 -
2VVOMKOG OYKOG - 17,5 -

IMivaxag 4. Oeppokpociakd tpdypappa evioyvong pe cvppatikr] PCR tov PONI yovidiov

214610 PCR Ogppoxkpacio | Avapkerwo | Eravarqyelg
Apyikdc dwywpiopds tov KAdvev | 94°C 4 min -

DNA

Awywpiopds tov KAdvev tov DNA 94°C 60 sec

Y Bpudiopdc tov exkivntov 6to DNA | 56°C 60 sec 40 kdKhot
Enéxtaon tov ekkivntov 72°C 60 sec

Telko otdd0 emékTaong 72°C 5 min -

Mivaxag 5. Oeppokpaciokd tpodypappa evioyvons pe coppatik) PCR tov CXCLI2 yovidiov

216610 PCR Ogppoxkpacio | Avapkerwo | Eravarqyelg
Apyikdc dwywpiopds tov KAdvev | 94°C 4 min -

DNA

Awywpiopds tov KAdvev tov DNA 94°C 60 sec

Y Bpudiopdc tov exkkivntov 6to DNA | 50°C 60 sec 34 kdKAot
Enéxtaon tov ekkivntov 72°C 60 sec

Telkd otddo emékTaong 72°C 5 min -

og TeEMKO OyKo dtaAdpatog 25 pl

IMivaxag 6. Ocppokpaciaxd Tpoypappa evioyvong pe cvpfPatikn PCR tov APOE yovidiov

214010 PCR Ogppoxkpacio | Avgpkero | Emavarqyerg
Apyikdc dwywpiopds tov KAdvev | 95°C Smin -

DNA

Awywpiopds tov Khdvev tov DNA 94°C (95°C) 1 min

Y Bpudiopdc tov exkivntov 6to DNA | 60°C I min
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Enéktoon tov ekkivntov 72°C (70°C) 1 min 35 kdxhot

Telko otddo eméktaong 72°C 5 min -

Hiektpo@iopnon npoiovrov PCR o€ yéln ayopoing

H xvpiotepn pébodog mov ypnopomoteitat yio Tov Stoy@picpd, TV TOVTOTOINoT Kot
v amopovoon tunuatov DNA, mov cuvtiBetan katd v pébodo PCR, eivar n niektpopodpnon e
€M ayapdlng (agarose gel electrophoresis). H texvikn avt givor amin, ypryopn Kot otnpileton
o010 yeyovog 01t 10 DNA o ovdétepo pH givar apvntikd QopTicuéVo, AOY® TOV QOGPOPIK®OV
opadmv tov. 'Etot ta didpopa popio DNA petakivovvtol, Katd tnv nAEKTpoOpN o TPOog To BETIKO
NAEKTPOO10, LE TAXDTNTA AVTIOTPOPM®S avOAOYT ToL AoyapiBuov (logio) Tov apBuod twv facedv
toug. Kat’ autdv tov 1pomo, ta pikpotepa popta DNA petakivovvtol pésa otny YEAN o ypriyopo
Ao To LEYOADTEPA KL £TGL EMTVYYAVETOL O OLOLYWPIGLOS LOPI®mV daPOPETIKOD peyéBovg. Emeion 1
Y€ eumodilel TNV Tuyoia dudyLON TOV HOPIMV, T LOPLOL SLAPOPETIKOD peyEBovg daympilovtal og
Coveg. Ot {dveg ovTég kaBioTavTal 0paTES KOTOTLY OYNUATICUOD GUUTAOK®OV Tapeoing Tov DNA
Le popla, OTMG T0 PPmEULoVY0 0Bidlo Tov £xeL TV KAVOTNTO VO TOPEUPAALETOL GTNV SITAN MK
kot va oynpatifer Bopilov cvumroko pe to DNA. H pébodog avtr ypnoyoromdnke énsita and
Vv oAokAnpwon T@v PCR avtidpdoemv yio v Tavtonoinon vmoapéng v eVIGYVUEVOVY TPOIOVTOV

TOV SEIYUATOV KoL GPoL TV TAPOVGIO EMLTUYDOV TPMOTOKOAA®V.

Avtopactipro / YMka

e PuOuiotikd owdivpa 5X TBE (tpig-Popuco-EDTA) [54g Tris PanReac Applichem
(Sigma #A2264), 27,5 g Bopikd 0L (Sigma # B6768) ko 20 ml EDTA 0,5 M pH
8,0ce1L].

¢ Bpopovyo abidto (500ug/ml), [Sigma,012K8934]

e Ayapdln (Nippon Genetic A602, UK), 100g

e Agiktng poplaxav Bopov ®X 174-Hae 111, (NEB, HITA, N3026S)

e Agiktng poplaxav Bapdv PCR Marker, 30 ug (NEB, HITA, N3234S)

¢ Xpwotikn 6X (loading dye) pe kvavéd g Bpopoeaivoing (BPB) kot gucoin

o [Tinéteg (Thermo, ['eppavia) Tov 20ul kot twv 100pul.

e PUyym tov 20ul yopig piktpo

e Hiektpopopnrtikr| cuckeun Peqlab (pucpn) kon Scie-Plus HV-13 Midi, AyyAia

¢ Tpopodotikd niektpopopnong EPS5301 (Amersham, AyyAia).
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e Tpdmelo axtvoforiag UV (Vilbert Loumart, I'aA)io)

Hewpapatikn mopeia

Mopackevaletan yéAn ayapoling 1,5% (w/v) mpocBétovtag 0,75 g ayapolng o 50 ml
apotopévov draivpatog 0,5X TBE kot 50 pl Bpopovyo abidio. Ztmv cvuvéyeta 10 pl mpoidvtog
PCR avapryvoeton pe 2 pl dtohdpatog xpootikng (6mov avtd eivar amapaitnto, 6tav dniadr| dev
&xel ypnowomoin el to Promega HotStart Green Master Mix moAvpepdong) Kot TotofeTovvTal ota
TNyaddKio Tov TNKT®ptog ayopdlng. H niektpopopntikn cvokevn pubuiletot ota 100 V, yuo 30
min ondte T0 apvnTikd eopticpévo DNA kweitan mpog v dvodo. [TapdAinia pe ta delypota
yiveton niextpopopnon detypotoc deiktn poplakdv Bapdv DNA yio tov vroroyiopd tov peyédovg
tov mpoidviov PCR. Ot {@veg tov DNA yivovtor opatég AOY®m TG €KMOUTNG akTvOPoAing
@Bopiopov and 10 Ppopovyo abido votepa and enidpacn vIeEPL®OoVS aktivoforiog UV ota 312

nm.

PCR - RFLP (Polymerase Chain Reaction — Restriction Fragment Length Polymorphism)

H pébodoc PCR-RFLP (Polymerase Chain Reaction — Restriction Fragment Length
Polymorphism) ypnoiponoteitor yio Tn YOVOTOMNGY YVOOTOV ONUEWK®OV HETHAAAEEWV KOl
Baciletatl otnVv 1010TNTO TOV TEPLOPLOTIKAOV eVEOU®V va mémtovy 10 DNA apov avayvopicovv v
e101Kn vy kéBe Eviopo aAiniovyia. Amoteieitan and Tpio drad0y KA GTASLO.

1. Tnv evioyvon g aAiniovyiog otoyov pe coppatikn PCR (ko tov Eleyyo pe niektpopopnon
og YEAN ayopolng).
2. Tnv néyn tov PCR mtpoidvtov e £101k6 EviupHo Teplopiopov.

3. Tnv nAektpo@odpnomn Twv TPoidvTeV TG TEYNS Kot avAaALGT TV {OVAV.

Ta mepropiotikd EvEupa 1) TEPLOPIOTIKEG EVOOVOVKAEATES eivar Evivpa Tov TENTOLY TO SiKA®MVO
N povékimwvo DNA cg pio cuykekpipévn aAiniovyio avayvopiong mov ovopdletor aAiniovyio
néymg (restriction site). Tétown évivpa avevpiokoviar o Paktiplo Kot apyoio Kot Bempeitor 6Tt
OLVIGTOVV OUVVTIKO pnyoviopd €vavtt og 1006 Ta évlvpa avayvopilouv edikd to EEvo DNA,

eewopeva o DNA tov Baktnpiov mov mpoctatevetal pécw pebuiinwonc.

Ocov agopd 1 ypnotponmoinon v eviOU®V avTdV oTn d1dyveor YVOOTOV CMUELKOV
HeTaALAEE@V, N dtadtkacio Exel @G ENG: ApYIKA, M TEPLOYT TOV YEVETIKOD TOTOV OV EUTEPIEXEL
Vv umo e€étaon onuetokn petdAraén evioyveton pe ) péBodo PCR. Ta PCR wpoidvta enwdlovron
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OTN GLVEKELL e TTEPLOPIOTIKO EVOLO OV avayvepilet T BEon ™ HeTAAAAENG, omdTE 1| TEYN TOL
popiov tov DNA g€aptdtot omd TV ToVTOTNTA TG VOLKAEOTIOKNG Pdong mov Ppioketar otn Béom
avT. Mg TV NAEKTPOEAPNON TOV TPOIOVIMV TNG TEYNS Kot TOV Sloy®plopd Toug avaAoya pe To
Hoplakd Tovg Papog Tpocdiopiletar evkola av To deiypa avikel oe opoluydTn, etepolvydTn 1

QLGLOA0YIKO Y10, TN HEeTAALOEN GTOpO.

Evlvpoatikn néyn tov PCR npoiovrov

"Yotepa and evioyvon tov APOE yovidiov €ytve evCOPOTIKN TEWT] TOV TPOIOVI®V NG
ocvppatikng PCR pe 1o mepropiotikd Evlvpo Hhal (New England BioLabs).

56...G C Gg|C ..3%

33...C1G C G ..°%

H enoaon éywve pe Béppovon og véatdAovTpo 6ToVg 37°C Yo 4 dpeg Kot TPOTOKOALO

oA patog Tedkov dykov 22,5 ul, to omoio paiveTol 6TOV TOPAKATO TivoKaL:

MMivaxag 7. [epapoticd mpotokorio evivpukng méyng twv APOE PCR wpoiéviwv.

AvtiopacTtipro Apyun IIpooTiB&pevog Tehun
YuykévTpoon oyxog (pul) OVYKEVIPOON)
"Evlopo Hhal 10 U/l 0,5 5U0/ul
M Buffer - 2 -
H>O - 2,5 -
PCR mpoiov - 17,5 -

"Yotepa amd evioyvon tov PONI yovidiov ywo tov L55SM  molvpopoiopd €yve
evlopatiky méyn tov tpotdvtev g cvppatikng PCR pe 1o meplopiotikd €vivpo
Nlalll (New England BioLabs).

5..C AT G| ..3

3...1G T AC..5

H enoaon éywve pe Béppavon og véatdAovTpo 6tovg 37°C Yo 3 dpeg Kot TPOTOKOALO

oA patog TeEAMkoD dykov 15 pl, to omoio eaiveTat 6TOV TOPAKATO TIVOKOL :

IMivaxag 8. [Mepapoticd TpotoKoriro eviupikng méyng twv L55M PCR npoiovimv.
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AvtiopacTtipro Apyun IIpooTiB<pevog Tehun
YuykévTpoon oyxog (pul) OVYKEVIPOON)
"EvQopo Nlalll 10 U/l 0,5 5U0/ul
CutSmart Buffer | - 1,5 -
10X
PCR mpoiov - 13 -

Avrtioctoym owdikacio akolovdnOnke kot yio tov molvpopeopd Q192R, pe
dtapopd 6t ypnoomodnke to évivpo Alwl (New England BioLabs)
5.GGATCNNNN]| ...3

33..CCTAGNN NNN?T..5

H egndoon €ywve ko €0 pe Béppovon oe voatdolovtpo otovg 37°C yuo 3 dpeg pe
TPOTOKOALO O10ADpHOTOC TEMKOD Oykov 15 ul, 10 omoio @aiveror otov MOPAKAT®
nivaxo:

IMivaxag 9. IMepapoticd Tpotdokorio eviupukng méyng tov Q192R PCR wpoidvtwv.

AvtiopacTtipro Apyucn IIpooTiB<pevog Tehun
YuykévTpoon oyxog (pul) OVYKEVIPOON)
"EvQopo Alwl 10 U/l 0,5 5U0/ul
CutSmart Buffer | - 1,5 -
10X
PCR mpoiov - 13 -

Téhog, yia to yovidro CXCL12, ypnowonomdnke to meproptotikd Evivpo Mspl (New
England BioLabs).

55.ClCGG...3

3..6GCT C..%

H enoaon éywve pe Béppovon og véatdAovTpo 6tovg 37°C Yo 3 dpeg Kot TPOTOKOALO

dtoAvpatog tedkov dykov 15 pl, 1o omoio paiveTal 6TOV TOPAKAT® TIVOKA

Mivaxkag 10. Ilepopoatikd mpotokoAro eviopkng méyne tov CXCLI2 PCR

TPOIOVIMV.
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AvtiopacTtipro Apyun IIpooTiB&pevog Tehun
YuykévTpoon oyxog (pul) OVYKEVIPOON)
"Evlopo Hhal 20 U/ul 0,5 10 U/l
M Buffer - 1,5 -
PCR mpoiov - 13 -

Metd v enooaon to Tpoidvia Tng mEYNG NAeKTpoeopnOnkay cg Tkt oyapoing

VYNNG O10KPITIKNG KovOTNTOG 4% W/V, Y10 E0KPIV S1oOPLo O LOVAY OV dtopEpovv

LOMG peptKa bp, OTwg TePrypaPETAL TOPOKAT®.

Hiexktpo@opnon PCR-RFLP #mpoidvrov oe 4% mnkt) ayopolng vyniig

OLOKPITIKNG IKAVOTNTOS

Avtidpaoctipro / YK

PuOpiotco swdiopa 5X TBE (tpig-Bopicd-EDTA) [54 g Trizma Base (Sigma
#201-064-4), 27,5 g Bopwuod 0&H (Sigma #036K0210) ko 20 ml EDTA 0,5 M
pH 8,0 o 1 1t].

Bpopovyo aibidro (500 pg/ml)

Ayapdln Seakem LE (Lonza, EABetia) ko ayopoln Ayapoln Nusieve GTG
(Lonza, EABetia), 25 g

Agiktng poplokov Bapdv @X174 DNA Marker Hae III Digest, 100 bp ladder
(New England BioLabs)

Agiktng popraxav Bapaov PCR Marker, 30 ng (NEB, HITA, N3234S)
Xpwotikn tAinpwoong 6X (gel loading dye) pe kvavé g Bpopoeavoing (BPB)
KoL PUKOAN

[Tuméteg (Thermo, I'epuavia) Tov 20 pl kot twv 100 pl.

Meydiov kot pikpov peyéBouvg «kascséton, ytévio 1 mm -1,5 mm (16 kou 10
Béocmv, avtictolya)

Poyym tov 20ul yopig piktpo

Hlektpopopntikr| cuokevn Peqlab (pikpn) kot HU-15 (Sci-Plas, AyyAio)
Tpogodotikd niextpopdpnong EPS5301

Tpanela vrepiddovg axtivoPoriag (Vilbert Loumart, T'odiio)

Iewpopotikn mopeio
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H mnewpapatiky mopelo g niektpoedpnong £€xet  mpoovoeepbel.  Xtnv
OLYKEKPIUEV TTEPITTOON akolovBovvtal Ta idta Prjpata pe povn Staupopd TV apyikn
Tapaokevy] TNk oyapolng (Piuo 1): IMoapackevn mnktig ayopodlng vyming
drakprtikng wovotntog 4% w/v pe 1,5g ayapdlng Seakem (Lonza, EABetia) kan 0,5g
ayapolnc NuSieve (Lonza, EABetia) e 50 ml TBE 0,5X (=> pukpov peyéboug gel) 1
pe 1,0g ayapdlng Seakem kor 3,0g ayapodlng NuSieve oe 100 ml TBE 0,5X (=>
peydiov peyéBovg gel). AxodovBei evuddtmon g ayoapoling, péEow avadevong yio
nepimov 10 min. Koatdémv Beppdvoeme, péxpt v minpn 6dAvon g ayopdlng,
npootifevtar 50 pul 1) 100 pl Bpopovyov abidiov, avtictoryo (6TOV LYNAO SLYOPICUO
TPOTUNONKE 1 CLYKEKPLUEVT] XPOGTIKY] Y10 TOLG AGYOLS TOL £XOVV TPOoavaPEPDET).
Yy Tepintwon ANKTAG VYNANG  SY®PLOTIKAG  KavodtnTag, O YpOvog NG
niektpoedpnong vmd otabepn thon 120V eivor covnbog 30 - 45 Aemtd, ywo

EVKPLVEGTEPT TOPATIPTOT TOV (OVAOV.

A&rorhoynon amotereopdTOV

Yyetkd pe to L55SM SNP, 10 meproprotikd éviopo Nlalll kofet o éva onueio
nmov dnuovpyeitan and Vv aviikatdotoon pog A ond T AOym Tov GuyKeKPLUEVOL
TOAVHOPPIGHOV. Q¢ OTOTEAEG LA VO pUEVOVTOL UTdvTes oTa 394 bp Tov opeilovtal 6To
domo mpoidv, onradn odetypata aypiov tomov (wt), undvteg ota 124bp kot 245 bp
TAPOLGI0 OVO PETOAAAYUEVOV AAANAOUOPPOV KOl TEAOG TPELG Umdvies oto 124, 245,
394 bp mopovcio evog petadhoypévov aAiniopudpeov dnradn etepodluya delypata,

onmg eaivetor kou otnv Ewkdva 23.
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Ewéva 23. Anotedéopata niextpo@dpnong oe yéAN ayapding ywa to yovidto PONI L55SM. Wt = wild-

type (LL yovétumog), heter = etepolvymtio (LM yovotumog), mutant = MM yovdtumog

Avrtiototya, yio tov Q192R moivpopeicud to évivpo Alwl k6fet og pa Béon
OV ONUOVPYELTAL TAPOVGID TOL GLYKEKPIUEVOL TOAVLOPPIoHoV. ETot avapévovtal To
0AOKAN PO TPoidY 6Ta 98 bp mov yapaxktpilet Ta wt detypota, pmdvie oto 35 kot 63bp
OV AVTIGTOLYOVV € HETOAAAYLEVAL SElYATO, EVD TEAOG Ol TPELG UTAVTESG OVOUEVOVTOL

v Ta etepoluya detypota (Eucova 24).

wid-ype

Ewoéva 24. Amoteréopato nAeKTpoPdpnong oe YEAN ayapolng yio tov moilvpopeiopd PONI Q192R.
Ymieg 2, 4, 8, 9, 13—wild-type QQ yovotumog, Ztiieg 6, 7—mutant RR yovotunog, Zmieg 1, 3, 5, 10,
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11, 12, 14—etepoluymwtio pe QR yovotvmo. To péyeboc tov pmavidv sivorl ypoppévo pe povpa

YPOUIOTO OTO OPLOTEPA TNG EIKOVOLG.

Y10 CXCLI12 (SDF-1) to évlopo Mspl k6Bet to aypiov tomov aAinAdpopoa,
emopévmg avapévovtat dvo pmdves oto 100 ko 200 bp, evd 10 HETOAAAYILEVO OAANALO
mapapéver diomo kot epeaviCetar ota 302 bp. Téhog, n etepolvywtio eppavifeTor pe

TNV TOPOLGIN Kot TV TPLdV uravtdv oto gel (Ewova 25).

Ewéva 25. Anotedéopata nAekTpo@opnong oe YEAN ayapolng ya to yovidto SDFI1-3'G(801)A. Wt =
wild-type (GG yovotunog), heter = etepolvywtio (GA yovotumog)

Téhog, to yovidlo g ApoE dwxkpivetor oe tpeilg oopopeés (E2, E3, E4
AAANAOLOPPA) TTOV TPOKLATOVY OO OLOPOPETIKES OVTIKATAGTACELS CUIVOEEDV GTO
kodwovie 112 (rs429358, kvoteivn oe apywivny) ko 158 (rs7412, apywvivn oe
kvoteivn). H ewdva mov mapovsialetal oto gel mpoxvmtel amd v avayvadpiorn Kot
KOTN T®V TOAVHOPPIK®V Bécemv tov yovidiov and to évlvpo Hhal (Ewdva 26). To

aAnAdpopeo E2 yapaxtmpileton amd v mapovsio tov proaviov 104 kol 91 bp, 1o E3
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ano Tig Coveg 91, 53 ko 48 bp eved to E4 and tig {dveg 72, 53 ko 48 bp. Kabévag and

Tovg £1EpOLLYOVS THTOVG TapovotdleTon pe puktég (dveg opolvymtdv (Ewova 27).

N O HIGH 9N H 18 H 1N
€2 1=—] § ]
32 15 9l 12 S €3
€3 o] i ! i
3 15 19 " 8 R 3N 53
€4 d o] w—y o) !
12 158

Ewéva 26: Xaptng meptopiopod Tomv Tpldv koplov arinidpopewnv, E2, E3 kot E4 tov yovidiov
APOE. Ta H kot (H) onuaivouv Béoeig komg kot tapariaypéveg 0¢celg tov Hhal, avtiotorya. Ot
apBpol petald tov onpeiov Konfg vrodekviovy to péyebog tov Bpadopatog oe (evyn Pacewv. [Inyn:
Oh, M., Chung EK, E., Shin, Y. et al. The apolipoprotein E genotyping using the PCR-RFLP was
useful to linkage analysis of Alzheimer's disease families. Exp Mol Med 29, 161-164 (1997) [134]

Ewova 27. Anotedéopata nAexktpo@dpnong o€ YéAn ayapoing yio to yovidio APOE.
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XTATIETIKH ANAAYXH

H otatiotikn avédivorn mpaypotomomOnke ypnoylonoidvIog T0 AOYIGUIKO
Statistical Package for Social Sciences (SPSS) exdd6oeig 28.0.2.0 ko 29.0.2.0 (IBM
Corporation, Armonk, NY, HIIA), kabdg kot to dadiktvakd epyoreio SNPStats

(https://www.snpstats.net/start.htm) [135]. Ot tipég P < 0,05 Bewpnnkov octotiotikd

OTNUOVTIKEC.

Ot TOCOTIKEG TOPAUETPOL TOPOVGLAGTNKOV MG LECT T + TUTIKY omOKAIoN
(standard deviation, SD), ev® ot Katnyopikés HETAPANTES EKPPAGTNKAV MG CLYVOTNTO
kot mocootd. Ta teot wovovikotntag Kolmogorov-Smirnov kot Shapiro-Wilk
EPAPUOCTNKAY YL TNV OEOAOYNON TNG KOVOVIKNG KATOVOUNG TV dedopévav. Tdco 1
aflohdynon g ooppomiag/toolvyiov Hardy-Weinberg (HWE), 6co kot o
VTOAOYIOUOG TMOV  GLUYVOTNTAOV TOV OAANAOUOPP®V KOl TOV YOVOTLIOV TOV
TOAVLOPPICUAOV  TOL  HEAeTHONKOY, TPAyHOTOTOMONKAY — YPNOUOTOIDOVINS TO
dwdiktvakd epyoieio SNPStats. Ot dapopéc peta&d Tov opddwv, 66OV aPopd TG
TOGOTIKEG UETAPANTEG, TPOGOIOPIGTNKOV YPNCILOTOUDVTAS TV OVAAVOT) SOKVILOVONG
pog KatevBvvong (one-way analysis of variance, ANOVA), ue Bonferroni kot Tukey
HSD post hoc d10pbwon yio mpocappoyn yo moAlamAéc cuykpicels. [a cvykpicelg
(ToV pESOV TILAV TOV GLUVEY®OV LETAPANT®OV) HeTAED 00O OUAd®V PN GLOTOMONKE TO
independent-samples t-test. ['la petafAntéc, tv omoimv To dedopéva dev akoAovBoHV
TNV KOVOVIKT KoTovour, ypnolwopombnkav to teot Kruskal-Wallis kou Mann-
Whitney, xotd nepintwon. To chi-square (y2) test ypnoyomomdnke yio ) cvyKpion
KOTNYOPIK®OV HETABANTOV HeTa&h TV 000 OpAdmV.

H peiwon tov CST petd amd evéovarocdwés evéoelg anti-VEGF (ACST)
e€etdotnke yio hovi cLGYETION LE TO KEVIPIKO TAYOVS TOV AUPIPANGTPOEDOVS TPV
mv évapén tov evécewv (CSTO), v nhia, To @OAO, TNV VIEPTACT], TO COKYUPMOON
dtafnTn, T SLUPKELL TOV GUKYOPDOOVG SN, TN OLCAITIOALLLN, TO KATVIGLLO KO TO
yovotvmo PONI LL ektelhdvtog HOVOUETOPANT Kot mTOALUETAPANTY] ovaivon
YPOUUIKNG TaAvOpoOunong (univariate and multivariate linear regression analysis).

O Adyog oyetkdv mbBavotntov (odds ratio, OR) pe 10 95% oo
eumotoovvng (95% confidence interval, CI) vmoloyiotnke ywo To €ENG YEVETIKA
HOVTEAD KANPOVIIKOTNTAG: GLV-emKpotéS (co-dominant), emikpotéc (dominant),
vroAemopevo (recessive), vepemikpatés (overdominant) kou log-additive, pe ckomd

mv a&oAdynon G SLUPOANG TV EMAEYUEVOV TOAVUOPOIGU®V GTOV Kivouvo
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enpdviong RVO. Ilpaypotomombnkav t6éc0o crude (povopetofAntéc) o6co o
multivariate (moAvpetafAntég) ovoAVoEL;, TPOGAPUOGUEVEG/OlopBmpéveg Yoo TV
nAio, TNV VIEEPTAOT) KOt TOV Gokyapmon dwafnrrn. H avdivon arddtomov yuo ta 600
SNPs tov yovidiov PONI, QI192R «ar L55M, mpaypoatomomOnke emiong
ypnopomroiwvtos to SNPStats.

INa 1o yovidoro APOE, Ady®m TOov HovadkoDh YopaKTnpioTikod Tov Ot £xet 3
aAANASHOpPa-amTAOTUTTOVS, Yoo TV ekTiumon tov OR kot tov CI yia tovg @opeig
arlnAdpopeav E2 kar E4 og obykpion pe v opoluymtio E3E3 (to E3E3 opiotnke
®C OopAdo  avaeopdc) ypnolwomomdnke M ovOiAvorn  OLOSIKNG  AOYIGTIKNG
naAwvdpounong tov SPSS, mpocappoloviac/stopdmvoviag og tpog v niikio, tnv
véptaon kKot tov dwfntn. O yovotvmog E2E4 cvunepinebnie oty opddo tov
eopéwv E2. Ipaypatomombnke, eniong, aviAvorn cuoyETiong SVadIKNG AOYIGTIKNG
naAvopounong (binary logistic regression association analysis) v k00 Egxmplotod

yovotvno APOE.
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KEDAAAIO 3: AITIOTEAEXMATA

1. AIOTEAEXMATA THX NPOOIITIKHXE MEAETHYX QY IIPOX THN
ANTAIIOKPIXH XTH OEPAIIEIA

H péon niwcio tov 50 acBevov (27 dvopeg, 23 youvaikeg), tn OTyun g
dyveong toug, nrav 67.3 £ 9.5 €. 35 acBeveig (70%) dayvoomkay pe CRVO ko
15 acBeveig (30%) elyav BRVO.

O IMTivaxog 11 mepiéyet Tic ouyvoOTTEG TOV AAANAOLOPPOV KOL TOV YOVOTUTTOV
TOV TOAVHOPPIoUDV oL peAeTHONKav. Ot cuxvOTNTEG TOV YOVOTUTI®V OA®V T®V

TOAVLOPPIGUAOV TTOL HEAETHONKAY NTaV GOUP®VES [E TIS Tpocsdokiec HWE (p>0.05).

Mivaxag 11. Zoyvotteg TV aAANAOLOPO®V KOl TV YOVOTUTTOV TOV VIO HEAET

TOAVHOPPIGUAV, GTOVS 00OEVELS Le amdPpaEn OAEPAS apPIBANGTPOEIBOVG.

PONI L55M PONI Q192R APOE SDFI-3'G(801)A
ANnAopopeo L 65(65%) | Q 72 (72%) E3 90 (90%) G 73 (73%)
35(35%) | R 28 (28%) E4 6 (6%) A 27 (27%)
E2 4 (4%)
LL 19(38%) | QQ 26 (52%) E3E3 40 (80%) GG 25 (50%)
LM 27 (54%) | QR 20 (40%) E2E3 4 (8%) GA 23 (46%)
E3E4 6 (12%)
MM 4 (8%) RR 4 (8%) E2E4 0 (0%) AA 2 (4%)
LL+LM 46 (92%) | QQ+QR | 46 (92%) GG +GA 48 (96%)
aAnidpopeav  (gite | MM + LM 31(62%) | RR+QR | 30(60%) AA +GA 25 (50%)
eite
£1epolLYNDTES)

O ITivakag 12 aneucovilel To ONUOYPOOIKA KOl KAVIKE dE0UEVE 0VEL YOVOTLTO.
Me ) yprion g ANOVA, Bpédnke po otatiotikd onpovtiky dtagopd oto ACST
petalld Tv yovotumwv tov moAvpopeiopod PONI L55SM (p=0.026). Yrnpée emiong
o otatioTikd onpoavtiky owgopd ot ACST peta&d tov yovétvmov LL kot tov
yovotvmov MM (p=0.05) otn cvykpion katd {evyn Tukey HSD post hoc. Agv Bpébnke
Kopio 6TaTioTikd onpavTikn dtaeopd otnv BCVA katd ) odyvoon (BCVAO) kot tov
uva 12 (BCVAI12), ot ABCVA, kabdg kot oto CST katd ™ ddyvoon (CSTO) kot
oto CST tov punva 12 (CSTI12), petald tov SQOpPETIKOV YOVOTUTI®V OAMV T®V

TOAVLOPPIGUAOV TOL PEAETHONKAV.
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MMivaxag 12. Anpoypa@ikd kot KAvikd 0e00UEVE VA YOVOTLTO.

PONI L55M PONI Q192R APOE SDF1-3'G(801)A
LL LM MM p-value | QQ QR RR p-value | E3E3 E2E3 E3E4 p-value | GG GA AA p-value
Hhio 68.8+9.9 66.4£9.6 65.5+£6.6 0.667" | 66.4+9.5 66.4 £8.7 773+9.5 0.086" | 674495 65.8+10.1 | 67.3£10.7 | 0.948" | 66.2+9.1 69.5+£93 545+6.4 0.069 "
(Em)
ApBuog 63+1.1 57+1.5 65+13 0.238" 6.0+1.3 6.0£1.5 53+13 0.5157 6.0+1.4 58+1.7 62112 0.885" 59+ 1.4 60£13 65+2.1 0.818°
EVECEOV
BCVAO 0.76 £0.29 | 0.68+0.30 | 0.83+£0.39 0.382° 0.74+0.34 | 0.72+0.28 | 0.63+0.15 | 0.890° 0.75+029 | 0.63+029 | 0.58+036 | 0.272 0.75+0.31 | 0.70£0.30 | 0.70£0.42 | 0.873'
(logMAR)
BCVAI2 042+0.31 | 0.46+0.37 | 0.61£0.45 0.630° 0.46+0.38 | 0.48+0.33 | 0284029 | 0.407° 0474036 | 0.40+0.41 | 036+033 | 0.866 0.46+0.37 | 0.44+033 | 0.58+0.60 | 0.911°
(logMAR)
ABCVA 034+£028 | 022+0.18 | 0.21£0.15 0.261" 0284023 | 0244022 | 0354026 | 0.623 0284024 | 023+0.17 | 0.23+0.08 | 0.860° 0294022 | 0254023 | 0.13£0.18 | 0.456'
(logMAR)
CSTO (um) | 485.7 + | 456.0 + | 4795+1129 | 0.328" | 4746 + | 466.4 + | 447.8 + | 0.745" | 468.6 + | 494.0 + | 456.5 + ] 06927 | 4752 + | 460.4 + | 495.0 + | 0.649"
50.7 69.9 78.5 54.2 55.4 60.6 121.0 79.1 74.7 60.8 50.9
CST12 384.1 + | 383.6 + | 4393+126.5 | 0.666 392.4 + | 3909 + | 3475 + | 0416 390.0 + | 388.8 + | 3763 + | 0.7187 390.4 + | 383.7 + | 4135 + | 0.8387
(um) 65.5 78.1 86.8 68.5 58.8 74.3 137.5 67.0 87.3 67.8 96.9
ACST (um) | 101.6 + | 72.4£394 | 403+19.3 0.026" | 822+54.1 | 755+40.3 | 100.3 + | 0648 | 7874517 | 1053 +| 8024406 | 05917 | 849+50.1 | 76.7+492 | 81.5+46.0 | 0.848"
56.8 58.4 21.3

*P-value vohoyiopévn ypnoiponotdvag v ANOVA Letaéd Tov S10QopeTik®dv YoVOTUTMV

. TP-value vroloyiopévn ypnoiporoidvrag to Kruskal-Wallis teot petald tov StagopeTikdv

yovotumwv. BCVA: best-corrected visual acuity. CST: central subfield thickness. A: diapopd. To bold @dvto onpaivel Topovcio GTATIOTIKAG ONUOVTIKOTNTOG
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Emumhiéov, e€etdoayie €6v n Topovsio 0TOI0VINTOTE EK TOV GAANAOLOPPOV TWV
peAeTNOEVTOV TOAVUOPOICU®Y oyeTileTal onNUAvVTIKE pe KOADTEPA OTOTEAEGHLOTO
Oepaneiag, 6mwg eaivetoar otov Ilivaxa 13. Zvykekpéva, to t-test peta&d TOL
yovotvmov LL kot tov yovotumov MM + LM amokdivye Ot 1 mopovcio tov
aAAnAopopeov M (yovotvmor MM + LM) tov PONI L55M cvoyetiotnke oTaTioTikd
onpavtikd (p=0.032) pe xepdtepn avotopkr oandkpion ot Bepaneio o€ cHyKpLon pe
toug un eopeig (LL opoluymteg). H ACST Ntav 68.3 £ 38.8 um v tovg M @opeic kot
101.6 £ 56.8 pm yio tovg opolvymteg LL. Agv mapatnphnke KAmowo GTOTICTIKA

OMUOVTIKY S10pOopd Y10 TOVG VITOAOITOVG TOAV LOPPLGLOVG,
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MMivaxag 13. Anpoypagikd kot kKAvikd 0edopuéva faciopuéva 6TV Tapovasio 1 Ol OTOOVONTOTE EK TOV OAANAOLOPP®V TOV HEAETNOEVTOV

TOAVLOPPIGULAOV.
L55M Q192R APOE SDF1-3'G(801)A
LL MM p-value MM LL+ p- QQ RR + p- RR QQ + p- E3E3 E2E3 + p-value E2E3 E3E3 + p-value E3E4 E3E3 + p-value GG AA+GA p-value AA GG + GA p-value
+ LM valu QR valu QR valu E3E4 E3E4 E2E3
LM e e e
Haxio 68.8£9. 66.3 0.376% 65.5 67.4+ 0.70 66.4+9. 68.2+9. 0.50 773 66.4+9. 0.05 67.4£9.5 66.7£9.9 0.836* 65.8£10.1 67.39+9.50 0.743* 67.3£10.7 67.3£9.4 0.984% 66.29.1 68.3£9.9 0.217% 54.5+6.4 67.8£9.2 0.050%
(ém) 9 9.2 +6.6 9.7 2* 5 5 1* 9.5 0 9*
ApOpog 6.3+1.1 5.8+ 0.205° 6.5+ 5.9+1.3 0.45 6.0£1.3 5.9+1.4 0.74 5.3+ 6.0£1.3 0.27 6.0+1.4 6.0£1.3 1.00° 5.8£1.7 6.00£1.31 0.717¢ 6.2+1.2 6.0+1.4 0.738 5.9+1.4 6.1£13 0.634% 6.542.1 6.0£1.3 0.653¢
EVECEQV 15 13 7 3% 13 28
BCVAO 0.76£0. 0.70 0.321% 0.83 0.710. 0.50 0.7420. 0.7120. 0.82 0.63 0.73£0. 0.66 0.75£0.29 0.60£0.32 0.125¢ 0.63£0.29 0.73£0.30 0.500¢ 0.58£0.36 0.74£0.29 0.189¢ 0.75£0.31 0.70+0.30 0.606% 0.70£0.42 0.72£0.30 0.864%
(logMAR) 29 0.3 0.3 30 0 34 26 7 £0.1 31 6
1 9 5
BCVAI2 0.42+0. 0.48 0.839% 0.61 0.440. 0.35 0.4620. 0.4520. 0.69 0.28 0.47+0. 0.20 0.47+0.36 0.38£0.34 0.607¢ 0.40£0.41 0.46£0.35 0.823° 0.36£0.33 0.4740.36 0.673¢ 0.46£0.37 0.45£0.34 0.731% 0.58+0.60 0.4£0.35 0.754%
(logMAR) 31 0.3 0.4 35 7 38 33 4 0.2 36 0%
8 5 9
ABCVA 0.340. 0.22 0.102° 0.21 0.27+0. 0.79 0.28+0. 0.2620. 0.92 0.35 0.26£0. 0.39 0.28£0.24 0.23£0.11 0.607¢ 0.230.17 0.2740.23 0.850¢ 0.23+0.08 0.2740.24 0.652¢ 0.29+0.22 0.24+0.23 0.349% 0.130.18 0.2740.23 0.367%
(logMAR) 28 +0.1 +0.1 23 6 23 22 18 +0.2 22 6
7 5 6
CSTO (um) 485.7+5 459. 0.177% 479. 468.316 0.75 474627 | 463.3%5 0.55 447. 471.06 0.51 468.6260.6 471.5493.4 0.904% 494.0£121. 467.0£62.4 0.447% 456.5+79.1 470.9+66.3 0.627% 47524747 463.1£59.9 0.265% 495.0£50.9 468.1268.1 0.585%
0.7 1+74 st11 | 38 3% 8.5 3.6 7* 855 | 84 2% 0
6 29 4
CST12 384.146 390. 0.865° 439. 383.847 0.43 392,448 383.746 0.97 347. 391.8+7 0.21 390.0+74.3 381.3494.0 0.574% 388.8+137. 388.2472.8 0.436° 376.3£67.0 389.8£79.5 1.00% 390.4487.3 3861+68.4 0.884% 413.5£96.9 38724778 0.589%
(pm) 55 8185 312 | 24 6 6.8 7.8 7 5:58 | 8.6 3 5
2 6.5 8
ACST (pm) 101.6£5 68.3 0.032% 403 84.5£49 0.08 82.2+54 79.6+43 0.72 100. 79.3+48 0.41 78.7£51.7 90.2435.2 0.508* 105.321.3 78.9+50.0 0.084% 80.2+40.6 81.1£50.1 0.967* 84.9+50.1 77.0+48.0 0.575% 81.5+46.0 80.9+49.3 0.987%
6.8 +38. +19. 0 1* .1 3 6* 3458 2 5*
8 3 4

*P-value voloyiopévn ypnoipomoldvtag to independent-samples t-test peta&d Tmv §00 ykpovn g kGO chykpiong. SP-value vroloyiouévn ypnoiponoidvtag to Mann-Whitney teot petald

TV 600 YKPOLT TG Kabe chyKplong

BCVA: best-corrected visual acuity. CST: central subfield thickness. A: dtapopd

To bold pdvTo onpaivel TaPOLGIO GTATIGTIKNG CNUAVTIKOTNTOG
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[Mpaypoatomrombnkay HovOUeTaPANTESG OVOADCELS YPOUUIKNG TAAVOPOUNONG
(univariate linear regression analyses) yia tnv oa&lOAOYNON NG GLGYETIONG TV
dpopov tapapétpmv pe ) ACST, petd and éva £1og evécewv anti-VEGF (ITivaxog
14). O yovétumog LL fjtav 1 povn ototiotikd onpovtikny petafint (p=0.017), énwg

ATOKOADPONKE Ao TN LOVOUETAPANTH OVAALGT).

IMivaxag 14. Movopetafintég Avaivoeig I'pappkng HoaAwvdpdunong (Univariate
Linear Regression Analyses): poAog/enidpaom tng KaOe petafANTe oty aAiayr 6To

CST (ACST) petd and éva xpovo evooialoedikmv evécemv anti-VEGF.

Merapintéc Unstandardised Coefficients Standardised p-value

Beta (f) Standard error | Beta ®»

Coefficient

L55M: LL VS -16.671 6.754 -0.336 0.017
(LM + MM)
Hhkio 0.521 0.740 0.101 0.485
dvro 2.651 13.960 0.027 0.850
CSTO 0.096 0.104 0.133 0.358
Ynéptoon 25.183 13.735 0.256 0.073
Awfng -21.350 13.870 -0.217 0.130
Apkelo -0.211 0.928 -0.033 0.821
St
Avcmdopio -0.497 14.022 -0.005 0.972
Kénviopa -0.065 16.803 -0.001 0.997

CST: central subfield thickness
CSTO: central subfield thickness at month 0 (kevtpiko ndyog apuePANcTPoEd0VS KOTd TN didryvmon)
A: dapopd

To bold pdvTo onpaivel TOPOLGIN GTATIGTIKNG ONUAVTIKOTNTOG

avldAvon  YPOUUIKNG

naAvdpounong (multivariate linear regression analysis). YwofetOnke éva kprrfplo

[Mpaypoatomombnke  emiong  moAvpetofAn
dtohoyng p<0.2 otic povouetafAnTég avaAdoels, yio va Kaboplotel moleg HETOPANTES
0o copmepANEHOVY 6TO HOVTELD TNG TOAVUETAPANTNG YPOUUIKNG TAAVIPOUNONG. TN
ovvéyela, O1e&Nydn moAvpetafAnT avAALON  YPOUMIKNG  TOAVOPOUNGNG  TOL

yovotumov LL évavtt g avatopkng omdkpions, Tpocoprocuévn/dtopbmuévn g mpog
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v vréptaoct kat to dwfprtn ([livakag 15). To povrédo NTav GTATIOTIKE GNUOVTIKO
(p=0.034). Ta aroteréopata £de1&av 6tL 0 Yovotumog LL tov PONI L55M mapovoiace
peyoAvtepn peiwon tov CST petd ) Bgpancio oe chykpion pe tovg yovétvmovg LM +
MM (B=-0.318, p=0.035). Q¢ ek TovTOL, 1| TAPOLGiO TOL AAANASLOPPOV M PavNKE Vo
elvat €vog onNUavVTIKOG TPOYVAOGTIKOS TAPAYOVTOS Y10 YEPOTEPT] OVOATOULKY] OTOKPIoN
petd omd evoovaroedkn Oepameion pe eyyvoelg anti-VEGF mopayoviov. Ot
CUUUETAPANTES VIEEPTACT KOt SaPNTNG eV £J€1EAV KOO GTOTIOTIKT ONUOVTIKOTNTO

0TO HOVTEAO TOALVOPOUNOTG.

IMivakog 15. Tehwd Pripa tng stepwise multivariate linear regression avaAvong mov
VTOOEIKVIEL GTATIGTIKA OTLLOVTIKOVG TTPOYVMGTIKOVG TOPAYOVTES OG TPOG TNV OAAAYN

010 CST (ACST) petd and éva ypdvo evoobarocdikmv evécewv anti-VEGF.

Merafintég | Unstandardised Coefficients | Standardised | p-value
Beta (B) Standard Beta (B)
error Coefficient
L55M: LL VS | -15.779 7.266 -0.318 0.035
(LM + MM)
Ynéptoon 23.086 14.082 0.235 0.108
Awprng -1.558 15.252 -0.016 0.919

CST: central subfield thickness. A: Stapopd

To bold pdvTo onpaivel TOPOLGIN GTATIGTIKNG ONUAVTIKOTNTOG
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2. AHOTEAEXMATA THX MEAETHX AXOENQN-MAPTYPQN

Ta dNUOYpAPIKE Kot KAMVIKG YOPOKTNPIOTIKE TOV OTOU®V TOV GUUUETEYOV OTN
peiétn ovvoyilovion otov Ilivaxa 16. Zvvolwd 100 dtopa cvopmeptinednkav: 50
acBeveig pe RVO (54% avdpeg, 46% yovaikeg) e péon nAkio 67.26 + 9.45 £t ko 50
naptopeg (56% davopec, 44% yovaikeg) pe péon nikia 69.84 £ 13.18 €. Ot dvo
OMAdES OVTIOTOLYOVGOV G€ MAKio Kot @OAo (age- and sex- matched). Meta&y twv
acBevav pe RVO, 35 and avtovg (70%) dwyvootmrov pe CRVO kot 15 (30%) eiyav
BRVO. Ot cuyvotteg ¢ vaéptaons Kot Tov dfntn fTov GTATICTIKG CNUAVTIKE
vynAoTepeg otnv opddo RVO oe oOykpion pe v opdoda eréyyov (p=0.003 o

p<0.001, avtictoya).

IMivaxkag 16. Anpoypa@ikd Kot KAVIKE YOpaKTNPICTIKA TOV HOPTUP®V GE GUYKPLOoN

ne Toug acbeveig pe andepatn eAéBog apeipinotpoeidovg (RVO)

MépTopeg RVO ac0O¢gveic P-value

Hlkio (péom Ty = 69.84 £ 13.18 67.26 £9.45 0.263*
TUTIKY OTOKALOT, OF
étm)

dovro, Avtpeg/Tuvaikeg | 28 (56%)/22 | 27 (54%) / 23 (46%) | 0.841°
(N, %) (44%)

Ynépraon (N, %) 15 (30%) 30 (60%) 0.003°
Yaxyapmdong dafnng 3 (6%) 20 (40%) <0.001°
(N, %)

*P-value vmoAoyiopévn ypnoiponotmvrag to independent samples t-test. SP-value vwoAoylGUEVT YPNGLLOTOIDOVTOG
to Chi-square (x2) test

To bold pdvTo onpaivel TOPOLGIO GTATIGTIKNG ONUAVTIKOTNTOG

Ot ovuyvotTEG TV OAANAOLOPO®V Kol YOVOTUT®OV, 6TOVG 0obeveic pe RVO ko
OTOVG UAPTVPES, Y10. OAOVG TOVG TOAVUOPPIGHOVS TOL HEAETNONKAY, QaivovTol GToV

[Tivaxa 17. Ola ta emheypéva SNPs mpovcav tig tpocdokieg HWE (p>0,05).
Mivaxkag 17. Katovopn tov aAANASHOPO®OV KOl T®V YOVOTUTI®V TOV TOAVLOPPLIG UMV

PONI L55M, PONI Q192R, SDF1-3'G(801)A ka1 APOE otovg RVO acBeveic kot

GTOVG LAPTVPEG.
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PONI L55M Maptopeg, N RVO oobeveic,
(%) N (%)

AMMAOLOpQO L 62 (62%) 65 (65%)
M 38 (38%) 35 (35%)

Tovotumog LL 21 (42%) 19 (38%)
LM 20 (40%) 27 (54%)
MM 9 (18%) 4 (8%)

Dopeig LL+LM 41 (82%) 46 (92%)

oAAnAdOpopewv  (gite

opoluymreg gite | LM+ MM 29 (58%) 31 (62%)

etepoluydTeg)

PONI Q192R Maptopeg RVO aceveig

AMMAOLOpQO Q 79 (79%) 72 (72%)
R 21 (21%) 28 (28%)

Tovotumog QQ 33 (66%) 26 (52%)
QR 13 (26%) 20 (40%)
RR 4 (8%) 4 (8%)

Dopeig QQ+QR 46 (92%) 46 (92%)

oAAnAdOpopemv  (gite

i , QR +RR 17 (34%) 24 (48%)

opoluydreg gite

etepoluydeg)

SDFI1-3'G(801)A Maptopeg RVO acsveig

AXnAopoppo G 69 (69%) 73 (73%)
A 31 (31%) 27 (27%)

Tovétumog GG 22 (44%) 25 (50%)
GA 25 (50%) 23 (46%)
AA 3 (6%) 2 (4%)

Dopeig GG+GA 47 (94%) 48 (96%)

oAAnAdOpopemv  (gite

) ) GA+AA 28 (56%) 25 (50%)

opoluydreg gite

etepoluydTeg)

APOE Maptopeg RVO aceveig

AMMAOLOpQO E3 84 (84%) 90 (90%)
E4 10 (10%) 6 (6%)
E2 6 (6%) 4 (4%)

Tovotumog E3E3 36 (72%) 40 (80%)
E2E3 5 (10%) 4 (8%)
E3E4 7(14) 6 (12%)
E2E4 1(2%) 0 (0%)
E4E4 1(2%) 0 (0%)
E2E2 0 (0%) 0 (0%)

Dopeig E2 carriers (E2E2, | 6 (12%) 4 (8%)

oAAnAopopewv (eite | E2E3, E2E4)

opoluymreg gite | E4 carriers (E4E4, | 8 (16%) 6 (12%)

etepoluydeg) E3E4)
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H ovélvon ocvoyétiong HETOED TOV EMAEYUEVOV TOAVUOPPICUDV KOl TOL
Kvouvov RVO amoxdAvye o GTOTIOTIKA CNUAVTIKY Sopopd HETAED TG ORAdOG
RVO xot g opddog eréyyov oto dominant yevetikd HOVTELO (YEVETIKO LOVTELO
EMKPOTOVG  KANPOVOUIKOTNTOG) Yo ToV ToAvpopeicpd PONI QI192R  rs662.
YUYKEKPIUEVA, LETA TNV TPOCAPUOYT/O10pBmon w¢ Tpog TV NAkia Kot TV LTEPTUOT,
10 dominant povtého £€d€1&e 611 10 aAAnAdpopeo R (yovotvmor QR kot RR)
ovoyetiletol oTATIOTIKA onpovtikd pe ovénuévo kivovvo avarntvéng RVO og
ovykpion pe tov yovotomo QQ (OR = 2.51; 95% CI = 1.02 — 6.14 , p=0,04). H
OTOTIOTIKY] OTUOVTIKOTNTO TOL OMOTEAECUATOS Yo TO aAANAOpopeo R tov PONI
QI92R dSwtmpnOnke petd kot T cvumepiinyn Tov cakyop®on SwprTn oV
ToALUETOPANTA avdAvon, pali pe v nAkia kot v veéptaocn (OR =2.83; 95% CI =
1.01 — 7.97, p=0.042). To amotéiecua ™G povopetaPintig (crude) avdivong
ovoyétiong Yo 1o PONT Q192R dgv ftav 6TOTIOTIKA ONUAVTIKO.

Ot vtéAoumotl TOAVHOPPIGHOT TTOV HEAETHON KOV OEV PAVIKE VO GLUVOEOVTAL LLE TOV
kivouvo gppdviong RVO kaBd¢ kavéva amd to YeEVETIKO HOVTEAX TNG avAALGoNG
OLGYETIONG O&V £J€1EE KATO0 GTATIOTIKA CNUAVTIKY dlapopd petalhd Tov aclevav pe
RVO kot tov poptopav.

Ta  amotedéopato  tov  crude Kot WOALUETAPANTAOV  avOADCEWYV,
ocvuneptrappavopévav tov ORs, 95% Cls kot p-value, OAwV TOV YEVETIKGOV LOVTEA®V
(co-dominant, dominant, recessive, overdominant and log-additive) yw Ttovg
noivpopeiopovg PONI L55M, PONI Q192R xou SDF1-3'G(801)A, mapovsialovral

otovug [livaxeg 18, 19 ko 20, avtictoryo.

IMivaxag 18. Crude (povopetafintn) kot multivariate (molvpetafintn) avéivon
ovoyétiong peta&y PONI L55SM molvopop@iopol Kot Kivdbuvou yio amdepacn eAERoC
apeipAnotpocdovg (RVO).

Mpocappoy)/6w6p0 | Ilpocappoyry/o16p0
Crude o1 Yo nhkio + o1 Yo nhkio +
PONI1 L55M Xoyvétnreg
avdivon vépTaon vréptaon +
owapitm
OR
RVO P- OR OR
Movtého | Tovéotom | Maptop 95
000gve valu | (95% P-value | (95% P-value
avalveng | og €¢ %
ig e CI) CI)
CI)
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21 19
LL 1.00 1.00 1.00
(42%) (38%)
1.49
(0.6 1.31 0.82
20 27
LM 4- (0.53- (0.29-
(40%) (54%)
Codominan 3.48 3.23) 2.33)
0.21 0.3 0.24
t )
0.49
(0.1 0.45 0.25
MM 9(18%) | 4(8%) | 3- (0.11- (0.05-
1.86 1.87) 1.38)
)
21 19
LL 1.00 1.00 1.00
(42%) (38%)
1.18
Dominant (0.5 | 0.68 | 1.05 0.91 0.65 0.4
LM+M 29 31
3- (0.45- (0.24-
M (58%) (62%)
2.63 2.47) 1.77)
)
41 46
LL+LM 1.00 1.00 1.00
(82%) (92%)
0.40
Recessive (0.1 | 0.13 | 0.39 0.15 0.28 0.1
MM 9(18%) | 4(8%) | 1- (0.10- (0.06-
1.38 1.48) 1.38)
)
30 23
LL+MM 1.00 1.00 1.00
(60%) (46%)
1.76
Overdomin
(0.8 | 0.16 | 1.58 0.29 1.13 0.81
ant 20 27
LM 0- (0.68- (0.43-
(40%) (54%)
3.89 3.66) 2.95)
)
0.88
(0.4 0.82 0.59
Log-
- - - 9- 0.66 | (0.44- 0.54 (0.28- 0.16
additive
1.57 1.53) 1.25)
)
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IMivaxag 19. Crude (povopetafintn) kot multivariate (molvpetafintn) avéivon

ovoyétiong pneta&y PONI Q192R modlvpop@iopod kot Kivduvov yio amdepain

eAEPag apePAnotpoctdovg (RVO).

Mpocappoy)/6w6pd | Ilpocappoyri/o16p0
Crude o1 Yo nhkio + o1 Yo nhkio +
PONIT Q192R Xoyvétnreg
avdivon vépTaon vréptaon +
owapit
RVO OR P OR OR
Movtého | Tovéotom | Maptop 95
000gve valu | (95% P-value | (95% P-value
avalveng | og €¢ %
ig e CI) (6] )
(010}
QQ 33 26 1.00 1.00 1.00
(66%) (52%) ’ ’ ’
1.95
;3 20 (0.8 2.61 2.87
QR 26%) “40%) 2- (1.01- (0.96-
Codominan ’ 7] 465 6.75) 8.60)
0.31 0.12 0.13
t )
1.27
0.2 2.11 2.69
RR 4 (8%) 4(8%) | 9- (0.42- (0.42-
5.57 10.60) 17.30)
)
QQ 33 26 1.00 1.00 1.00
(66%) (52%) | ’ ’
1.79
Dominant 17 " (0.8 | 0.15 | 2.51 0.04 2.83 0.042
QR+RR 0- (1.02- (1.01-
(34%) (48%)
4.01 6.14) 7.97)
)
QQ+QR 46 46 1.00 1.00 1.00
+ . . .
(92%) (92%)
1.00
Recessive 02 |1 1.43 0.65 1.79 0.53
RR 4 (8%) 4 (8%) | 4- (0.30- (0.30-
4.24 6.67) 10.66)
)
37 30
+ . . .
QQ+RR 74%) 60%) 1.00 1.00 1.00
Overdomin ’ ’
;3 20 1.90 | 0.14 | 2.36 0.062 2.52 0.08
ant
QR 0.8 0.94- 0.88-
(26%) (40%) ( ( (
1- 5.89) 7.23)
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4.43

)
1.41
0.7 1.84 2.05
Log-
- - - 6- 0.27 | (0.93- 0.075 (0.94- 0.067
additive
2.63 3.67) 4.48)
)

To bold @dvto onpaivel TapOLGIO GTUTIGTIKNAG CNUAVTIKOTN TS

IMivaxag 20. Crude (povopetafintn) kot multivariate (molvpetafintn) avéivon

ovoyétiong neta&y SDF1-3'G(801)A moAvpopeioob Kot KvdOVOoL Yo amd@pain

eAEPag appPAnotpoctdovg (RVO).

Mpocappoy)/6w6p0 | Ilpocappoyry/ow6p0
Crude oon 7o nkia + ®o1 Yo nAkio +
SDF1-3'G(801)A Toyvétnreg e e
avdivon vépTOcT vréptaon +
owupitn
OR
RVO P-
Movtého | Tovotom | Maptop 95 OR (95% | P- OR (95% | P-
acOeve valu
avaiveng | og €¢ i % CI) value CI) value
ig e
(6}
22 25
GG 1.00 1.00 1.00
(44%) (50%)
0.81
(0.3 1.05 0.96
25 23
GA 6- (0.44- (0.35-
) (50%) (46%)
Codominan 1.81 2.51) 2.63)
0.79 0.8 0.74
t )
0.59
(0.0 0.53 0.42
AA 3 (6%) 2 (4%) | 9- (0.07- (0.04-
3.84 3.91) 3.96)
)
22 25
GG 1.00 1.00 1.00
(44%) (50%)
0.79
Dominant - 5 (0.3 | 0.55 | 0.98 0.96 0.88 0.79
5
GA+AA 6- (0.42- (0.33-
(56%) (50%)
1.73 2.27) 2.31)
)
47 48
Recessive GG+GA 1.00 | 0.65 | 1.00 0.51 1.00 0.44
(94%) (96%)

86



0.65
(0.1 0.52 0.42
AA 3 (6%) 2 (4%) | 0- (0.07- (0.05-
4.08 3.68) 3.85)
)
25 27
GG+AA 1.00 1.00 1.00
(50%) (54%)
0.85
Overdomin
(0.3 | 0.69 | 1.11 0.81 1.05 0.93
ant 25 23
GA 9- (0.47- (0.39-
(50%) (46%)
1.87 2.61) 2.78)
)
0.79
(0.4 0.90 0.81
Log-
- - - 0- 0.49 | (0.44- 0.77 (0.36- 0.61
additive
1.55 1.83) 1.82)
)

Emumiéov, 1 avdivon anidtumov yio ta. 0o SNPs tov yovidiov PONI, L55M kot

Q192R, dev aviyvevoe kapio cuoyétion pe tov kivovvo RVO (ITivaxog 21).

MMivaxag 21. Avéivon amddtomov v PONI L55M kot Q192R SNPs ywo cuoyétion

ne amdepasn eAéPag apeiinctpoedoc (RVO).

ARAOTUTOG KON VTTOAOYIGHOS GUYVOTITAOV

Yvoyétion amhoTumov pe RVO

Crude avdivon Mpocappoyi)/ov | Ilpocappoyri/o6pdwc
6pBoon Yo n Yo nkio +
nikia + vréptaon + dwafrytn
vaépTao)
L ABpor
Q RVO P OR OR
5119 | Zov | Maprto otikny | OR (95% | P- P-
oc0gvel 95% 95% P-value
5|2 olo | peg ovyvo | CD value value
I3 CI CI)
M| R mra
L|{Q | 040 | 042 0.39 0.40 1.00 - 1.00 - 1.00 -
1.06 0.76
1.02 (0.51 -
M| Q | 035 | 0.37 0.33 0.76 2.03) 0.96 (0.50 - | 0.89 (032 -1 0.53
) 2.25) 1.78)
1.82 1.88
1.42 (0.64 -
LR | 023020 0.26 0.99 3.14) 0.39 (0.76 - | 0.18 072 -1]02
’ 4.38) 4.90)
2.96 1.02
1.53 (0.08 -
M| R | 0.01 | 0.01 0.02 1 30.50) 0.78 (0.16 - | 0.47 (0.05 -] 0.99
‘ 54.11) 22.96)
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Oocov apopd 1o yovidio APOE, yia T dtepevvnon g Thovig Enidpacns ToL 6TV
RVO, yopicape tovg yovoétumovg otic akdAovbec vmoouddeg yovotumov: opdoo
opolvywtav E3E3, opdda eopéwv E2 (E2E2, E2E3, E2E4) kot opdda gopéwv E4
(E4E4, E3E4). Asv mopamnpndnkov cvoyetioelg petald ovtdv TV LTOOUAd®V
yovotumov kot g RVO oty avdivon dvadikng AoyloTikng Talvopounong Letd v
TPOCUPLOYH/010pBmon wg mpog v NAkia, v vaéptacn kot tov dwafntn (IMivakog
22). Aev Bpédnke emiong kdmola cuoyétion pe v RVO 6tav kabe yovotomog APOE

e€eTdoTNKE YOPLOTA YPOUOTOLDOVTOS OVOAVOT) SLOSIKNG AOYIGTIKNG TOAVOPOUNOTG.

MMivakag 22. Avadwkn Aoyiotikr taivdpounon (binary logistic regression analysis)
Yo cLOYETION HETAED TV OHAd®Y YovOTLTT®V Y10 TO0 APOE Ko TG omdppaéng

eAEPag Tov apepinotpoedong (RVO).

[pocappoy)/ow6pOwen | Mpocappoyi)/o16pdmon
APOE Crude avéivon T nkia + vaéptacn | Yo nlkio + vrépracn
+ owpntn
Opades | OR (95% | P-value | OR (95% P-value OR (95% P-value
YovéTUIT®V cnf Ccn' Ccn'
E3E3 Reference - Reference - Reference -
E2 gopeig | 0.60 0.456 0.45 (0.11-]0.275 0.49 (0.09- | 0.424
(0.16- 1.90) 2.80)
2.30)
E4 popeig | 0.68 0.503 0.53 (0.15- | 0.323 0.65 (0.17- | 0.545
(0.21- 1.90) 2.59)
2.13)

T Extipnomn tov OR ypnoponoidvag Ty Suadikn AoyioTikn modvepounon
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KE®AAAIO 4: XYZHTHXH

Eivon kodd texunpuopévo 6t n nAikio, 1 vIEPTACT), 0 GOKYOPOING dafNTng Kot
T0 yAoOkopo avoytng yoviag eivar oaveEdpmmror mapdyovieg KwvodvVov yio TV
avantuén RVO, eite avtr eivar CRVO gite BRVO [56]. H BRVO éyet eniong cuvoebet
LLE OPKETOVG GUGTNUATIKOVS TOPAYOVTEG KIVOUVOV, OT®G SO ALpic, KapOloyyELOKN
v660G, avénpévog deiktng Halag cadpaTog, avénuéva eninedo 0pov TS TPOTEIVIG AP
2 opoaipivng mov oyetileTon pe T GAEYHOVH KO KATAGTOOT VIEPTNKTIKOTNTAS. ExTdg
amo tov deiktn paog cdpaToc, o omoiog oyetiletol otevd pe TNV EAAEWYT] COUOTIKNG
dpactnpOTTaS, GAAOL TOPAyovTES TOL TPOmOL (NG, OMWG TO KATVIGUO KOl M
dwTpon, eaivetal va mailovv podo otnv RVO. H pecoyeiaxn kot n putikny diotta
&xovv amoderyBel 6t pewdvouv tov kivdvvo Yoo RVO Adym tov amodederypévov
AVTIPAEYLOVOODV KOl OVTITNKTIKOV ToVg emdpdoewv [60]. H vtéptaon Bewpeitar g
0 1GYVPATEPOG TTOPAYOVTOS KIVODVOL Y1OTL EMITOYOVEL TV OPTNPLOKT aBNPOcKANp®ON
mov odnyel oe pUNYOVIKY cvumieon g mopakeipevng eAEPag. Avty 1 aAAnAiovyio
YEYOVOT®V TPOKOAEL UNYOVIKT) GTEVMOGT TOL OVAOL TV QAEPOV HE AEmTO TOlYWLO,
avOuoAn pon aipotog kot evdoOnitokn PAAPM, pHE amoTtédecua TO GYNUATICUO
evooouAkoy Bpopfov kot v amoepaln [61,136]. To ofewbwtikd otpeg mailet
KEVIPIKO poro otnv maboyéveon g RVO, mupodotmdvrag v €kepacn mowkilmv
popiov TPooKOAANGNG, OTWS TO LOPLO TPOGKOAANONG Oy YELOKOV KLTTAp®V-1 (Vascular
cell adhesion molecule-1, VCAM-1) kot 10 pOplo £vOOKLTTOPIKNG TPOGKOAANGNG-1
(intracellular adhesion molecule-1, ICAM-1), yvpoxivec OTMOC YVUOEAKVLGTIKY|
TpOTEIVY povokvttdpwv-1 (monocyte chemoattractant protein-1, MCP-1) o
KLTOpPOKiveg, Omwg 1M wiepievkivn-6 (interleukin 6, IL-6), n 1viepAevkivn-8
(interleukin 8, IL-8) ka1 o VEGF [26,47,48,137—-141]. EmmAéov, 1 HDL yoAnotepoin,
N omoia £Yel AVTIPAEYLOVDOT KOl avTIOEEWMTIKN Opaon, £xel avapepOel 0Tl gival
younAn og acBeveic pe RVO [142], evd n avaroyio povokvttdpwov/HDL €xel Ppedel
ot glvar avénuévn Ko Exel Tpotabel g VEOG PLodelTng TOV VTOJEIKVIEL PAEYLOVT] KO
ofedmtikd otpeg oe acbeveic pe BRVO [143]. Qotoco, ot axpiPeic punyavicpoi mov
eumiékovtat oty aboyéveon tov RVO napapévouy acageis. Ot Tpelg mopdyovies g
TpLadog Tov Virchow, mov amoteAovviol and aAhayEc otn por| Tov aipatog (PAePkn
OTAON), OYYEWKO EVOOOMALOKO TPOVUATIGHO KO VIEPTNKTIKOTNTA, EUTAEKOVTIOL OTN

Bpoppoyéveon, odonywvtog oe RVO [59].
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[MolvapBpeg peréteg €xovv TPOSTAONGEL Va dlEpELVIIGOVY TOV THAVO POAO TV
YEVETIKOV TOAVHOPPIoUDV 7oV oyeTilovtal pe tov Opopfoeuforikd kivévvo otnv
RVO. Exovv pehetn0el apketol ToALHOPPIGHOT YOVISI®V TOV KOIIKOTOO0VV TPMTEIVESG
™mg o000y mNENg Tov  aipotoc, ovumepriapPavouévng g I, 10-uebviévo-
eTpaiopopolixng avoaywyaons (3,10-methylenetetrahydrofolate reductase, MTHFR)
C677T ko A1298C, t0v mapadyovra V Leiden G1691 A, tov avastoléa tov evepyomointh
700 TAaouvoyovov 1 (plasminogen activator inhibitor 1, PAI-1) 4G/5G, tov mapayovra
11 (emiong yvoo16c w¢ mpobpoufivy) G20210A kot g vmouovadas 1 tov GoUTAEYUOTOS
emoleloikns avaywyaons g freouivys K (vitamin K epoxide reductase complex subunit
1, VKORCI) G1639A, pe avtikpovOUevo OmOTEAEGUOTO GYETIKG LE TN CLGYETION
avTOV TV OpopufoPiikdv petaAldéemy kot g RVO [64,111-114]. Ze po tpdopotn
peta-ovaivon, ot Romiti et al. [64] dev mapatnpnoay S10QPOPETIKOVG EMUTOAUC OV
TV OpoUPOPIMKOV YEVETIKOV TOPUAAAYDV TOV TOAVUOPPIGUAOV TOV Topdyovio, V'
Leiden G1691A, tg mpobpoupfivhe G20210A, g MTHFR C677T xor tov PAI-1
4G/5G petalh vyuodv atopmV Kot 0cevov He ayyelokT ardepasn apeiPANcTpoEdovg,
VTOONADVOVTAG OTL O EAEYYOG Y10 TOVS GLYKEKPLUEVOLS YEVETIKOVG TOAVHOPPIGLOVG GE
acOeveig pe amoepaln eAEPag M amdepaln aptnpiag Tov ApEPANCTPOEWOLS O
eoaivetal va gtvol KAVIKA Ypo1LoG.

O moivpopoiondés MTHFR C677T egivor o mo  UEAETNUEVOS  YEVETIKOG
TOAVHOPPIGUOG OGOV apopd Tov TBavo Tov poAo ¢ Tapdyovta Kivovvov Yoo RVO.
To yovidio MTHFR eivor vrevBovo yio v mopay®yn tov Pactkod pulpctikov
evlopov MTHEFR tov omoiov 1 dpactnpiotta kabopilet Ta eninedo OpOKVOTEIVNG GTO
T o, Apketég peAéTeg aoBevVAOV-UApTOPOV aVEQEPAV GLGYETION HETAED TOL
yovotvmov MTHFR 677TT kou g RVO [144-148], evd opropéveg dAleg peAéTes Kot
LETA-0VOADOELG 0V amokdAvyav kapio cuoyétion [64,115-120].

Kdamowot dAlot epevvntéc otdyeLGaV Vo AEI0AOYNCOVY T GUGYETION YEVETIKAOV
TOAVLOPPIGUAOV TTOV GYETICOVTOL [LE TNV BNPOGKANP®OGT), CLUTEPIAAUPAVOUEVOD TOV
vmoodoyéo. tomov 1 tng ayyerotevaivyg Il (angiotensin Il type 1 receptor, AGTRI)
A1166C, tov uctarpertivod ev{duov g ayyeiotevaivyg I (angiotensin I — converting
enzyme, ACE) évBeon 1 éAdewyn (insertion/deletion), 74¢ yAvkompwteivys ayometaiicov
la/lla (platelet glycoprotein la/lla, Gpla/lla) C807T/G873A, ¢ uetallompwreivaons
2 Beuéhiog ovaiog (matrix metalloproteinase 2, MMP2) 1306C/T, twv avactoiéwv
10100 ™S petorlompwreivaong 2 Osuéliog ovoiag (tissue inhibitors of matrix
metalloproteinase 2, TIMP2) G418C and g adirovextivyg +276 G/T with RVO [121-—
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126]. O1 Demir et al. [126] kot ot Christodoulou et al. [121] mpdtevav 6Tt o1 popeic Tov
aAnAdpopeov adimovektivig +276 T wor tov aAinidpopeov AGTRI 1166C eivon
mBavd va oyetiCovtar pe avénuévo kivévvo yiao RVO. O molvpopeiopnog MMP?2
1306C/T Ppébnke 611 Tpoodabétetl yo woyopio petald acbevav pe RVO [127]. Ou
peAéteg ot omoieg diepgvvnoay to vrdAoura TpoavagepOévta SNPs mov oyetiCovtot pe
TNV 0ONPOCKANPMOOT) TOPNYOYOLV OVTIPOTIKO OTOTEAECLLOTOL.

Ynrdpyovv eniong peréteg mov enéreav SNPs and yovidia mov oyetiCovtat pe
QAEYHOVT] KOl TO OEEWMTIKO OTPEG, TOPOUOLD HE TN OIKN LOG TPOGEYYIoT Yo TNV
EMAOYN YOVIOIWV TPog HEAETN, Kot a&toddyncav tnv mhovy emidpacn Tovg otV
enpdvion RVO. H o&uyevdon g aiung -1 eivor éva onpovtikd avtio&etdwtikd Evivpo
OV AVAGTEALEL TIG TPOPAEYLOVADOEIS amokpioels. Aev Bpébnie cvuoyétion petald g
olvyevaons g aiung-1 -413A>T ka1 ¢ RVO [129]. Ov Maier et al. peAétnoav
noAlomAd SNPs oamd Opopetikés Kutappokiveg, ocvumepthopuPovopuévig g
wreplevkivig 1S (IL-1B) -511C>T, tov aveaywviaty tov vrodoyéa s IL1 (IL1 receptor
antagonist, ILIRN) 1018T>C, tg IL4 -584C>T, ¢ IL6 -174G>C, g ILS -251A>T,
g IL10 -592C>A, ™ IL18 183A>G, 1ng youokivis ovvoéty 5 potifov C-C (C-C
motif chemokine ligand 5, CCL5) -403G>A, 7S YOUOTAKTIKNS TPWTEIVHG LOVOKDTTAPDV
(monocyte chemoattractant protein MCP-1/ CCL2) -2518A>G and tov mapdayovro
VEKpWans oykwv a (tumor necrosis factor-a, TNF-a) -308G>A, ®6t060, KAVEVOS OO
aVToVG dev Pavnke va gumAéketor otnv RVO [128].

Emumiéov, mponyobueveg HEAETEC €XOLV EVTOMIGEL Ul CLGYETION UETAED TV
dtpopmv SNPs kat tng avtamdkpiong ot Oepaneio oty Oepomeio e evooHOAOEOKES
evéoelg anti-VEGF oe dldeg acbéveleg tov apueiPAncTpostdons, OTmg 1 NAKIOKY
eKQEOMON TG OYPAG KNAIdOC, M TOALTOEWONG YOPLOEWIKT AYYEOTADE KOl TO
dfnrtikd oidnua e oypds knAidag [149—151]. Qotdc0, N €XIOPACN TOL YEVETIKOV
vroPaOpov ¢ Tpog TV avtamdkpion ot Beponeio 6€ EVOOHOAOEDIKOVG TAPAYOVTES
anti-VEGF o¢ ac0eveic pe oidnuo wypdg kniidag Adym RVO dev éxet pehetn el péypt
oTiypne. Amod 6co yvopilovpe, n Tpéyovca peATn gival 1 TPAOTN OV depeuVE T
(QOPUOKOYOVISIOUOTIKY)  OYETIKO HE TNV avtomdkpion ot Oepameion  og
evoovarogdkoig mapdyovreg anti-VEGF og acbeveic pe RVO.

H amolmonpwteiv E (APOE) éyxet avti-aBnpoydvo dpdor ypnoyLevoviog mg
OLUVOETNG YO TOV  LWOJOYEN AMTOTMPMTEIVAOV  YapnAng mokvotntag (LDL),
JEVKOADVOVTOG £TGL TNV KABOPOT TV TAOVCI®V GE TPLYAVKEPIOIO AITOTPOTEIVAOV amd
™V KuKAo@opio Kot TN peimon Tov emmédmv YoANcTEPOANG oto mAdopa [101]. H
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APOE ¢£ye1 emiong yvooTéG OVILPAEYHOVMOELS OPACELS KOTACTEAAOVTOG TNV
EVEPYOTOINGT TOL GULGTHUOATOG TOV GCLUTANPAOUOTOS Kol TNV  omeAevfépmon
TPOPAEYLOVAOIDV KLTOKIVOV 0td appddn kottapa [104].

Eivat yvootd 6t1 10 addniopoppo APOE E4 oyetileton pe youniotepo ninedo
APOE oto mAdopa kot pe avénuévo kivouvvo yia kapdiayysiakn voco. Exktog and v
afnpoydévo evon Tov, T0 aAAnAOpopeo E4 gival emiong kot yvmoTog 16 vpAc YEVETIKOG
TapAyovtag Kivduvov yia ) voco Alzheimer kobmg ta younid eminedo APOE oto
TAAC O £X0VV MG OMOTEAEGHO LELOUEV KABOPO TOVL B-0ULAOEB0VE TOV EYKEPAAOV
[152]. EmmAéov, 10 aAlniopopeo E4 éyer epumiokel oe RVO wor un dwfnrtikng
apeipAnotposidondadeia [153,154].

Avtifeta, eivar evdoeépov 6t o aAAnAdpopeo E4 éxer Ppebel ot €yl évav
TPOCTUTEVTIKO POLO G€ KaBEVOY amd TOLG VITOTVTOVG TNG NAKIAKNG EKQVAMONG TNG
wypdg kniidag (age-related macular degeneration, AMD), o omoiog pmopet va eEnyn0et
amd 1o yeyovog 6t to APOE givat éva apbovo cuotatikd tov apgiPAncTpostdk®V
drusen, mov ex@paletar Tomikd and kvtrapa Miiller Kot To peddyypovv emONAL0 TOL
apeipAnotpostdong [155,156].

Ta avénuéva eninedo APOE €yovv cuoyetiotel Oetikd pe ta enineda VEGF [157—
159], evod to aAnidpoppo APOE E4 éyel cvoyetiotel pe koAvtepo Oepomentikd
AmOTEAEGUATO O 000eVELG e NAMKIOKT EKPOALOT TNG 0)pag knAidag [160].

2t pehétn pog, oev Ppédnke cvoyétion peta&d tov aAinAdpopeov E4 kot tng
RVO, kdtt mov gubuypappiletor pe o evpripato tov Salomon et al. [144]. Ae Bpébnke
emiong kdmotla cvoyétion tov APOE pe v avtamokpion ot Oepaneio.

O mapdayovtag 1 mov mpoépyeton amd otpopatikd Kotrapa (SDF-1) eivor pa
opotootaTikn yvpokiv. H emaydpevn amd tv vmolia yovidiokn £kepoocn kol m
avéoppvOon tov SDF-1 ota evdoOniiokd kOttapo odnyel o€ @QAEyHOvVr Ko
emoKOAoVON S1aoTaoN TOL AHATO-AUPIPANCTPOESKOD PPOYHOD KABMG Kol TPOoymYT|
g ayyeoyéveonc. H déopevon tov SDF-1 otov vodoyéa tov CXCR4 dieyeipet v
anelevfépwon tov VEGF mov pe ™ cepd tov tpokadel mepartépm Ekppacn tov SDF-
1 ota evdoOniokd wvtTopa pe amotéleoua tn Onpovpyio evog Ppoyov Betikng
avéopaonc. H 066¢ SDF-1/CXCR4 mailer tov xupiopyo poAo otnv Kivntomoinon
EVOOOMAIOK®Y  TTPOYOVIKMOV ~ KLTTAP®Y 7OV  TPOEPYOVTIOL  OmO  OLUOTONTIKA
BAactokVTTOpa OTN JOKAGIOL NG VeEOOyYel®oNg Tov OUEPANCTPOEDOVS GE

WOYOLUIKES 0oBEveleg Tov appiPAnotpostdovg [105,106].
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Ot Ki-I et al. [161] texunpiocav 6t ta eminedo voroegwovs SDF-1 frov
OTOTIOTIKG onuaviikd vyniotepo oe aocBevelg e RVO mov eiye emmhaxel pe
veoayyeimon og chykpion pe acBeveic pe RVO yopig veoayyeimwon kot e pLAPTLPES.
Amo Vv GAAn mhevpd, ot Zeng et al. [162] Bprkav CLYKPIGUYEG CLYKEVIPAOOELS
varogoug CXCLI12 petald tov aclevav pe RVO kot tov poptopwv. Ot Szigeti et al.
avépepe 0Tt To oAANAOpopPo SDF1-3'(801)A mpodiabétel otV avamTuén 0eOaAKNIG
veoayyeimong g emmiokn s RVO [132].

And 600 yvopilovpe, n peEAéTN pog etvor M TPAOTN 7oV dlepedivnoe mhovn
oLoYETION HETAED TOL ToAVHOpPIopoV SDF1-3'G(801)A kot Tov KvdHvou EUEAVIONG
RVO, wotdoo, dev Ppédnke kamowa cvoyétion. Emiong, o Bpédnke kdmola otatioTikd
onuovtiky enidopacn tov moivpopeiopod SDFI-3'G(801)A otv avrondkpion o
Bepamneia pe evoobarogdikong mapdyovteg anti-VEGF og acBeveig pe RVO.

H napao&ovdon 1 (PONI) etvar éva moAviettovpykd Eviopo eEaptdpeVo amd To
aGPECTI0, 1oYLPE GVVIEdEUEVO e MToTTp®TEIVT VYNANG Tukvotntog (HDL), to omoio
TPOAYEL TIG AVTIPAEYLOVDOELS KO avTIoEedmTIkEG 1010TtNTeC TG HDL. To PONT givan
éva e1epOKANTO VOO HE SPOPETIKEG dpAceEls kKaBmG Umopel va LOPOAVGEL dLAPopaL
VIOoTpOHOT. ‘EYel 0pacTikOTNTO TOpaoEovAcns, Tov £XEL TNV KOVOTNTO VO, DVOPOADEL
T0. TOPAOEOVIO, KOOMG Kol dpacTNPOTNTEG AOKTOVACNG KOl OPVAECTEPACNG TOL
avaotéAlovv v vrepoéeidwon ™ LDL. H avti-adnpoydvog Aettovpyio tov PON1
Baciletal, emopévms, 0TI dPASTNPLOTNTES AUKTOVAGNG KOl 0PLAESTEPAOTG LELDVOVTOG
v mpoadnpoydvo ofewdmpévn -LDL (ox-LDL), kaBmg n ox-LDL gumiéketor aueca
OTOV GYNUOTIGUO appd®V KuTTapwv [97,98].

O QI92R eivar 10 Mo gvpéwg peretmuévog PONI SNP, kobmg aokel o
eCoptdpevn amd 10 LVRAOGTPOUN ETMOPACT OTN OPUSTNPLOTNTO-OPACTIKOTNTA TOL
evQOpov TG Tapao&ovaonc. Zvykekpipéva, To aAAOlopo Q192 &xet vynAdTepeg avTi-
afnpookAnpmtikég dpdoelg AakTovaong Kot apvieotepdons amd 1o woévivpo 192R,
evad To avtifeto woyvel Yo ) dpdon g mapaofovdong kabmg to 192R eivar mo
ATOTEAEGUATIKO 0TV VOPOALGT TOV TTapao&oviov oe cOyKplon pe to Q192. Ao v
AN mhevpd, To L55SM Bewpeitan 6Tt emnpedlet tig ovykevipwoelc PONT aidd oyt
dpeca v evlopatiky dpactnpdtra. To aArolopo LS55 oyetiCeton pe avEnpéveg
ovykevipooelg PON1 otov opd o ovykpion pe 10 55M Adyw ™G HEYOADTEPNG
oTafepdTNTOG KO 0VTOYNG TOL 6TV TpmTedAvon [163—-165].

Ot Angayarkanni et al. [166] dwmictwoav 61t N dpactnpidtra g PONI-
APVAECTEPACTC NTAV CNUAVTIKA younAotepn otovg acbeveic pe CRVO oe oyéon pe
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TNV OUAO0 EAEYYOV, PAVEPDOVOVTOS TV EUTAOKN TOV 0EEWMTIKOV GTPEG KOl TNG OX-
LDL otv CRVO. Ot Ortak et al. [167] mpdtetvav pio TPOGTATEVTIKT ETIOPOACT TOV
yovotvmov LL tov molvpopeiopod L55M oy taboyéveon g RVO, evd dev Bprikav
Kdmolov gidovg emidpacn tov morvpopeiopod Q192R oty RVO.

To véo gvpnua g peAétng pog NTav 0Tt 1 Tapovsia Tov aAinidpopeov M (LM
+ MM yovotvumot) tov moAvpopeicpod PONI L55M ouGyeTioTnKE OTOTIOTIKA
OMUOVTIKA LE XEPOTEPO OVOTOUIKE ATOTEAECUATO LETA amd 12 puves evOoDAAOEIOKNG
Oepanciog pe mapdyovteg anti-VEGF oe acBeveig pe RVO, evd o yovotvmog LL
Tapel e EVVOTKY AVTATOKPIOT) OGOV apopd TV avatopikn Bertioon g CST. Qotdoo,
dev Ppébnke kamown cvoyétion petald tov moAvpopeiopov PONT L55SM ko twv
AETOVPYIKAOV  OepamevTiK®V  amotelecudtov €vo ypdvo petd v Evapén Tov
evooboroedkadv evécemv anti-VEGF.

To dAlo evpnua TG Tapovoag LeAETNS, 6Tt 01 opeic aAAnAopopewv PONI 192R
CUGYETIOTNKOV LE OTATIOTIKA ONUOVTIKE ovénuévo kivovvo euedavions RVO og
ovykplon pe Toug opolvymtes QQ, elval GOUEMVO PE TNV TPONYOVUEVT] AVAPOPA TMV
Murata et al. [168] 611 T0 aAAnAdpopeo PON1 192R cvoyetiotnke onpavtikd pe v
CRVO. Zvykekpyéva, otn HeAéTn pag, o A0yog oxetik®v mbavotitwv (odds ratio,
OR) yw tovg @opeic aAinAdpopewv PONI 192R ftav 2.51 petd v
TPOCUPLOYT/O10pBmon ®¢ mpog v NAkio Ko v vraéptacn kot 2.83 petd v
TPOCAPLOYT/O10pBmON G TPOg TNV NAIKIA, TV LAEPTACT KOL TOV GOKYOPMON dtofrTn).
Me dAlo Loyia, ot opeic aAAnAopopewv PONI 192R Bpébnkav va £xovv 2.51 @opég
kot 2.81 @opéc, avtiotoya, tov kivouvo guedaviong RVO oe olhykpion pe touvg
opoluymteg QQ (151% ko 181% avéEnom tov KvdHvov, avtictorya).

Ta gupipata TG HEAETNG HOG KOL TOV GYETIKMV HEAETOV 0GOEVOV-LOPTOP®V Y10
10 poro TV Yovidiov APOE, SDF-1 ka1t PONI 1| ToV KOOKOTOMUEVOV TPOTEIVOV
TOVG TNV andPpaén ™e eAERac Tov apePAncTpogdovg cuvoyilovtal otov Iivaka
23.

MMivaxkag 23. Zovoyn tov gupnudTov e actevav-poptipov HEAETNG LG Kol TV
OYETIKOV UEAETMOV 0G0EVAOV-LOPTOP®VY Yo T0 pOro TV Yovidiov APOE, SDF-1 kol
PONI M t0V KOIKOTOMUEVOV TPOTEIVOV TOLS 6TV omOepasn g GAEPAG TOL

ApPPANGTPOEISOVG,.
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Melrétn Xopa Cevetikog Xyeoraopoc ko | MéyeOog | Amoteréopot
TOAVPOPPIGNOC/KOOIKOTO | 6KOTTOG TG perétng | deiypatr | o
pévn TpOTEIVY 0g
Mrad et | Townoia | APOE E2, E3, E4 Yvoyéton  peto&d | 88 RVO | To
al.[153] (SNPs: 15429358 won rs7412) TV KOpuwv | acbeveic | ahAnAidpopeo
OAAAOLOPPOV R 100 | E4 oyertiCeton
APOE (E2, E3, E4) | pdptope | ONUOVIIKA pe
kot RVO G mv RVO (OR
=38,CI=2.1
-6.8),
VO 10
oAANAOLOPPO
E3 gtvan
TPOGTATEVTIKO
£VOvTL ™me
véoov (OR =
0,32,CI=0.19
- 0.53).
Kopio
GLGYETION
peta&d TOL
OAANAOLOPPO
v E2 xou g
RVO
Salomon et | Iopah | APOE E2, E3, E4 Yvoyétion  peto&d | 94 RVO | H opoluywtio
al.[144] TV KOpuwv | acbeveic | M |
OAAAOLOPPOV R etepoluymtio
APOE (E2, E3, E4) | 92 Yo 10
kot RVO péptope | aAANAOLOPPO
G E4 dev
AmMOTELOVV
mopdyovto
Kwddvov  yuo
RVO (OR =
1.32,CI=0.61
—2.84)
Szigeti et | Ovyyapi | SDFI1-3’G(801)A Porog tov | 130 To
al.[132] o TOAVLOPPIUOS TOAVLLOPPIGHLOV RVO oAANAOLOPPO
SDFI1-3’G(801)A acOeveig | SDFI-
otV ovantoén | , 125 | 3°(801)A
0POUAKNG péptope | mpodiabétet
veoayyeiwong (glte | ¢ otV avdmTuén

Tov mpocbiov eite

0V omisOiov

veoayyeiwong

®C  EMTAOKN
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TUNHOTOG oV mg RVO (OR
0pOaApod) O = 2.69, CI =
emumAokn g RVO 1.47 - 4.93)
Ki-I et | lomtwvio. | Eminedo SDF-1 kvttopoxivng | Zyxéon peto&d tov | 20 RVO | Ta  emimeda
al.[161] (mapdryovtag 1 mov TPOEPYETAL | GLYKEVIPMOOEWDV acBevelg | varoedoic
amd otpopatikd kottapa) oto | SDF-1 ot0 | , 9 | SDF-1  nrov
VOAOELDES VOAOEWES KOl NG | UApTUPE | OTATIOTIKG
veoayyeiwong ™G | ¢ GNULOVTIKA
ipdog  M/kor TG VYNAdTEPA OF
yoviog ocbeveis e
RVO
EMTAEYLEVOVG
ue
veoayyeiwon
oe obyKplon
pe acBevelg pe
RVO  yopig
veoayyeiwon
Ko ue
papropeg
Zeng et | Kiva Enminedo CXCL12 (C-X-C | Zvoyétion peta&d | 25 RVO | Ta  emimeda
al.[162] potifov yvpokivn 12, emiong | emmédwv yvpokvav | acbevels | vaioeldolg
yvootmy ©g SDF-1) o610 | ot0 vologdés chpa | , 20 | CXCL12
VOAOELDES Kot woyokng RVO | paptope | petagd ™mg
G opadag RVO
KOl TG ORLAd0G
e\éyyov nMTOv
cuykpioya
Murata et | lomwvia | PONI Q192R molvpopeiopds | Porog Tov | 42 To
al.[168] TOAVLLOPPIGHLOV CRVO oAANAOLOPPO
PONI Q192R ¢ | acBeveic | PONI  192R
mopdryovtog R 45 | oyetileton
Kkwdvvou yio CRVO | pdptope | onpoviikd pe
c mv CRVO
Ortak et | Tovpxio | PONI QI192R «or PONI | Zvoyétion tov | 120 O  yovotumog
al.[167] L55M moAivpopopiopol TOAVHLOPPICULAOV RVO PONI  55LL
PONI QI192R «ou | acOevelg | Ppébnke  va
PONI L55M pe myv |, 84 | etvan
RVO péptope | otaTIOTIKG
G GNULOVTIKA
Myotepo

GLYVOS  OTOVG
acbeveis e
RVO o€
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oUYKpION  UE
TOVG LAPTLPEC.
Agv  Ppébnke
Koo

GLGYETION
peta&d TOL
TOAVLLOPPLGLLO
i) PONI
QI192R o g

RVO

Angayarkan
ni et
al.[166]

Ivdia

PONI1 ctov opd

Yvoyétion  peto&d
mg dpaoTNPLOTNTOG
PON1
0pLAECTEPGONG
(PON1-ARE)

mg RVO

Kot

10
CRVO
acbeveic
20

péptope
S

oH
dpactnplott
o PONI1-ARE
frov
GNULOVTIKA
XOMNAOTEPN
otoug CRVO
ocbeveis  oe
oUYKpION  UE
TOVG LAPTVPEG
*ApvnTik
GLGYETION
peta&d PONI1-
ARE Ko
EMTESOV
OLOKVOTEIVIG

TAUGLOTOG

Ragkousis
et al. [169]
(ota
miaiclo g
TOPOVGOG
Sdaxtopikn

G dwrpiPnic)

EAMGda

APOE (E2, E3, E4), SDFI-

3’G(801)A
PONI QI192R ko
L55M moAivpopoiopol

oAV HOPPIEUOC,

PONI

YvoyéTion TV
TOAVLLOPPIGUDV
PONI, APOE ko1 S
DF-1 pe oV

kivévvo yio RVO

50 RVO
acbOeveic

50

péptope
S

eTo
oAANAOLOPpPO
PONI 192R
oyetileton
ONUOVTIKA L€
mv RVO (OR
= 2.83, CI =
1.01-7.97)
eKapia
GTATIOTIKA
GNLLOVTIKN
GLOYETION  UE
mv RVO dev
Bpébnke
T0Vg

Yo

TOAVLLOPPLGLLO
0g APOE,
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SDFI-
3’ G(801)A ka
PONI L55M

Ot mapoatnpodpeveg OmMOKAIGEL OTOL OVOPEPOUEVO ATOTEAECUATO UETAED TV
HEAETAOV TTOV dlEPELVOLV 1 oYéomn peTta&h RVO kot apkeTtdv SopOopETIK®VY YEVETIKMV
TOAVLOPPIGUAOV Ba pmopovoav v amodofodv oI GNUOVTIKY ETEPOYEVED TMV
HEAETAOV. AVTN M ETEPOYEVELN TEPTYPAPETAL OO EBVOTIKEG O10.POPES, TEPIBAALOVTIKOVG
TAPAYOVTEG, KOOMDG KOl CLYYVLTIKEG HETOPANTEG, OTT®MG M MAio Kot GAAOL KAviKol
TapAyovteg Kvovvov. Qg ek T00TOV, 1| TPOGEYYIOT LLOG Y10 TNV TPOGAPLOYH/dtopbmon
TOV OTOTEAEGUATOV LOG O TPOG TO, KAVIKA YOPUKTNPIGTIKA, GUUTEPIAAUPOVOLEVNS
™G NAKiog, TS LVIEPTAONG Kol TOV S1afNTN, KOOMG KOl Y10 TOV OTOKAEIGHO OTOU®V UE
yYAavkopa propet va Oempnbei 6tL evioydet ) pedé pag. [IiBavoc meplopiopds g
HEAETNG HOG MTav 1O  OxeTiKA pukpd  péyebog delypatog. EmumAéov, dev
npaypatortomdnke Eeywpiom avaivon acbevov pe CRVO kot BRVO Adym tov
peyébovg tov Odetypotog, ov kot ot dvo tHmor RVO €yovv odwpopéc oty
nabopucioroyia Kot Tpdyvwon. Ta evprjuata e HeAéTng Hog pmopel vo punv giva
EPAPUOCIN GE AALEC EBVOTIKEG OUAOES, EMELDT OAOL O GUUUETEXOVTES OTI LEAETY| HOG
ntav ‘EAAvec kol 0 EMTOAAGHOG TOV YEVETIKOV TOPOALOYDV UTOPEL VO TOIKIAAEL
petald minbvoumv SeopeTikng Koataymyns. EmumAiéov, ypnowomomdnkov dvo
drapopetikol gvoovarocidkol anti-VEGF mapdyovtec, ranibizumab kot aflibercept.
Qot6c0, 1N mpoéGEato dnuoctevuévn  toyoromompévny pedétn LEAVO oe 463
ovppetéyovteg £de1Ee OtL to aflibercept dev NTov kat®TEPO Omd TO ranibizumab og
acBeveig pe otdnua g oypds kniidag Aoyw CRVO [32,79]. Opwg, mpénet va
onuewdel 0Tt avt N peAétn amotedel pio peAén mpaypatikdv dedopévav (real-life
study) mov cvumepthapPdavel acbeveic mov dev elyav mponyovpévmg deytel Bepamneia,
EVO 1M avtamokplon ot Bepomeion aE0AOYNONKE OVTIKEILEVIKG LE TN HETPNON TNG
allayng oto CST. Térog, eEetdonke Yo TPOT QOPA N TOOVH GLGYETION UETOED
SNPs kot g avtandkpiong ot Oepaneio o evooviarogdkovs Tapdyovies anti-VEGF

oe acbeveig pe RVO.
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KEDAAAIO 5: XZYMIIEPAXMATA

SOUTEPAGHOTIKA, TO VEO VPO ALTHG TNG OOOKTOPIKNG dtoTpiPng elvar 6T 1
Tapovsio Tov aAAnAdpopeov M tov PONI L55M SNP cucyetiotnKke pe GTOTIOTIKA
onuovtikd yapnAotepn peiwon g CST petd and evdoboroedikn Bepaneio pe anti-
VEGF nopdyovieg oe acBeveig pe oldonpa wypdg kniidoc Adoyow RVO, yeyovog mov
vrodnAovel 61t 0 PONI L55M moAvpop@iopdc pmopel va ypnotpuedost oG £vag
VIOCYOUEVOG  YEVETIKOG Prodeiktng yw v wpoPAeyn TG OovTamoOKplong €
evoovarogdkovs mapdyovteg anti-VEGF. Eniong, Bpéonke 6Tt t0 aAAnAdpopeo R tov
PONI Q192R moivpopeiopov ivar mBavo va amotelel mapdyovta Kivohvou yio TV
RVO. Ouv mohlvpopoicpoi APOE xaw SDFI-3'G(801)A de Ppébnke ovte va
ovoyetilovtan pe tov kivouvo gppdviong RVO ovte va égovv kamowa enidpacr oty
avtomdkpion ot Bepamneia.

Avtn gtvon | Tp@TN POpd OV £vag YEVETIKOG TOAVHOPPIoUOG Ppédnke va €xel
enidpaon omv avromndkpion ot Oepomeion pe  evéovarocdwkovs anti-VEGF
napdyovteg o€ acbeveig pe RVO. Amoutodvior meportépm HeAETEG e PEYOADTEPO
péyebog detypatog yuo va emPBERUIOOOVLV TO ATOTEAEGUATA LOG KOL VO SIEPEVVIIGOVV
N GLOYETION LETAED AAA®V TOAVLOPPICUDV KOl TNG AVTATOKPIoNG 6T Bepameia, oAAL
Kol TN 6Y£0T TOV €KAGTOTE TOAVUOPPICUOV HE TOV KIVOLVO EUPAVIONG TNG VOCOU.
Tétoteg pekéteg Oyt povo Ba emétpemay TV KOADTEPT] KOTAVON G| TOV OAVIIKTUTOL TMV
YEVETIKOV TOpoALay®vV oty maboyéveon TG vOoov, oAAG pmopel emiong vo
evtomicovv  véoug Bepomevutikodg oT1dYovg Kou mOavAdg vo  odnynoovv  og

eCatopukevpévn Bepameio Hetd omd YeEVETIKO EAEYYO TV OCHEVAOV.
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HEPIAHYH

X KOTOG

[TolvapBpeg peréteg £xovv mpoomabncetl va a&loloyicovy tov mhoavo poro yovidimv
nov oyetiovtot pe ) Opopfoeidio oV amdPpan e EAEPAS TOL AUPPANCTPOEIBOVS
(retinal vein occlusion, RVO). Qo16c0, vapyel mepopiopévn €pguva yopm omod
yovidlw mov oyetifovtar pe  SQOPETIKODS  TOHOPLGLOAOYIKOVS  UNYXOVIGLOVG
eumiekopevoug oty RVO. Adym g 1oyvpng cupPorng Tov 0EE0MTIKOD GTPEG Kot
™m¢ eAeypovig oty maboyéveon g RVO, o okondg g mapohoos S10aKTOpPKNG
STpIPfg MTav v SlEPEVVIOEL TN CLGYETION KATOIWV TOAVUOPPIGU®OV omd Tpia
dtpopeTikd yovidwn [amotimompwreivy E (apolipoprotein E, APOE), wopaolovaon 1
(paraoxonase I, PONI) xou mopayovras 1 mov mpoépyetal amo 10, OTpmUATIKG KOTTOPA
(stromal cell-derived factor 1, SDF-1)], ta omoia oyetilovtal e T GAEYHOVY KO TO
o&edmtikd otpeg, pe Tov Kivouvo gpedviong RVO otov eddnvikd ninduopd. Evog
GAAOC OKOTOC aLTAG TNG OWOKTOPIKNG JTPIPNG NTOV Vo TPOGdloplotel €4v ot
OULYKEKPLUEVOL YEVETIKOL TOAVHOPPIOUOL ETNPEAloVY TNV avTomdKplon ot Bepameia
ne evéovarocdkovg anti-VEGF mapdyovieg g acOeveic pe oidnpa g oypdg knAidog
AOY® amdepaing eAEPAG apePANGTPOEISOVG.

M£0od0r

Ot ovppetéyovieg o avty ™ Owaktopikn StatpPn ntav 50 acbeveig pe RVO ko
oidnua g oypds knAidag Adym s RVO (opdda RVO) kat 50 vyteig eBelovtég (opdda
eréyyov). Ot aocBevelg vmoPfindnkav oe Oepomeion pe evOODOAOEIOIKEG EVEGELS
ranibizumab 1 aflibercept kot mapakorovONONKay Yo 12 ufveg petd v évapén g
Bepaneiog. XvAr&yOnkav detypato aipoatog oe cwAnveg EDTA kot amopovaddnke
vevopukd DNA. Tlpaypatomomnke yovotdmnmon tov molvpopeiopmv rs854560
(L55M) kot 15662 (Q192R) yia 1o yovidio PONI, rs429358 kot rs7412 yia 10 yovidlo
APOE «ou rs1801157 [SDF1-3'G(801)A] yw to yovidio SDF-1 oto €pyactnplo
ypnoonowwvtag T péBodo polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP).

AmoteiionoTo

To yevetikd HOVTEAO EMKPATOVS KANPOVOLIKOTNTOG TNG OVAALGONG GLGYETIONG
TOAVLOPPIGHOV-VOGOV Y10 TO HOVOVOVKAEOTIOWKO molvpopeiopd PONI Q192R
ATOKAALYE OTL VIPYE OTATIGTIKG CTLUOVTIKY dopopd HeTa&y g opddag RVO kot

™G OUAOOG EAEYYOV. XVYKEKPUUEVE, LETA OO TPOGOPLOYN Yo TNV NAKio Kot TNV
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VIEPTOOT, TO aAANAOpop@o PONI 192 R (yovétumor QR + RR) Bpébnke va oyetiletan
LLE OTATIOTIKG CILOVTIKA VYNAOTEPO Kivouvo RVO cg cuykpion e Tov yovotumo QQ
(OR =2.51, 95% CI = 1.02-6.14, p = 0.04). Ta oTaTIGTIKO CNUOVTIKG OTOTEAEGLOTO
dtnpnOnkav PeTd TN cvumepiinymn tov d1afNTn 6T0 ToALVTAPAYOVTIKO HOVTELD pali
pe v nlxkio kot v veéptaon (OR = 2.83, 95% CI = 1.01-7.97, p = 0.042). Agv
ATOKOADQONKE KOTOW OTATICTIKG ONUOVTIKY GULOYETION  HETOEDL TV GAA®V
TOAVLOPPIGUAOV TTOL pedethOnioy Kot Tov Kivdvvov RVO. H avdivon aridtumov yio
TOVG LOVOVOUKAEOTIOIKOVG TOAVHOPPIGHOVG TOL Yovidiov PONI, L55M kor Q192R,
O0gV OMOKAALWE KAMOO OTOTIOTIKG ONUOVTIKY GLGYETION. AVOQOPIKA HE TNV
avtondkpion ot Bepamneia, o1 acbeveic pe yovotumo LL tov moivpopoiopod PONI
L55M egiyav otoTioTikd onUOvVTIKE HEYOADTEPT UEIMON OTO TAYOG TOL KEVIPIKOV
vronediov (central subfield thickness, CST) otnv ontikn topoypagio cuvoyng (optical
coherence tomography, OCT) tov 120 puniva petd v €vapén g evooiaAogdKNg
Oepaneiog pe anti-VEGF mapdyovteg (101.63 £ 56.80 um ywa to yovotumo LL évavtt
72.44 £+ 39.41 pm yw t0 yovotumo LM évavtt 40.25 + 19.33 um yw 10 yovotumo MM,
p = 0.026). Ot acBeveic pe 10 aAAniopopeo M tov PONI L55M ocvoyetiotnkoyv
OTOTIOTIKG oNUavTIKE pe youniotepn peimon tov CST og cVyKpion He TOVG Un QOpPEiS
(68.29 + 38.77 pm yw Tovg yovotvmovg LM + MM évavtt 101.63 + 56.80 um vy to
yovoturmo LL, p = 0.032).

LUUTEPAC AT

Ta tapamdve svppaTe VTOIMADOVOVY OTL TO AAANAOLOPPO R TOL LOVOVOVKAEOTIONKOV
noAvpopeiopov PONI Q192R sivor mBavo va mailel polo g Tapdyoviag Kivouvou
vy amdepaln eAEPag Tov apeiPAnotpocdovs. To véo edpnua avtig TG HEAETNG-
dwaktopikng OwtpPng elvar 6tt m mopovsic TOL  GAANAOHOpPov M TOL
LOVOVOVKAEOTIONKOD TOAVUOPOIGHOL PONI L55M GUGYKETIOTNKE LE OTOTIOTIKA
onuovtikd yopnAotepn peioon tov CST petd and evdobaroegidikr Oepameion anti-
VEGF o¢ acbeveic pe oidnuo wypdg kniidag Adym RVO, yeyovdg mov vroonimvet 6Tt
0 TOAVHOPPIGHOG PONT L55M pmopet va ypnoyeuoeL dG VOGS VITOGYOUEVOS YEVETIKOG
Brodeiktng yio v mpoPreym ¢ avtondkpiong oty evoovorloedikn anti-VEGF
Bepaneia oe acOeveic pe oidnuo wypdg knAidag Adym RVO.
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ABSTRACT

Purpose

Numerous studies have tried to evaluate the potential role of thrombophilia-related
genes in retinal vein occlusion (RVO); however, there is limited research on genes
related to different pathophysiological mechanisms involved in RVO. In view of the
strong contribution of oxidative stress and inflammation to the pathogenesis of RVO,
the purpose of the present study was to investigate the association of inflammation- and
oxidative-stress-related polymorphisms from three different genes [apolipoprotein E
(APOE), paraoxonase 1 (PONI) and stromal cell-derived factor 1 (SDF-1)] and the
risk of RVO in a Greek population. Another purpose of this study was to determine
whether these specific genetic polymorphisms affect the response to intravitreal anti-
vascular endothelial growth factor (anti-VEGF) treatment in patients with macular
oedema secondary to retinal vein occlusion (RVO).

Methods

Participants in this case-control study were 50 RVO patients with macular oedema
secondary to RVO (RVO group) and 50 healthy volunteers (control group). The patients
were treated with intravitreal ranibizumab or aflibercept and were followed-up for 12
months after initiation of treatment. Blood samples were collected on EDTA tubes and
genomic DNA was extracted. Genotyping of rs854560 (L55M) and rs662 (Q192R) for
the PONI gene, 15429358 and rs7412 for the APOE gene and rs1801157 [SDFI-
3'G(801)A] for SDF-1 gene was performed using the polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) method.

Results

The dominant genetic model of the association analysis for the PONI Q192R single
nucleotide polymorphism (SNP) revealed that there was a statistically significant
difference between the RVO group and the control group. Specifically, after adjusting
for age and hypertension, the PONI 192 R allele (QR + RR) was found to be associated
with a statistically significantly higher risk of RVO compared to the QQ genotype (OR
= 2.51; 95% CI = 1.02-6.14,p= 0.04). The statistically significant results were
maintained after including diabetes in the multivariate model in addition to age and
hypertension (OR = 2.83; 95% CI = 1.01-7.97, p = 0.042). No statistically significant

association was revealed between the other studied polymorphisms and the risk of
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RVO. Haplotype analysis for PONI SNPs, L55M and Q192R, revealed no statistically
significant correlation. With reference to treatment response, patients with the LL
genotype of the PONI L55M SNP had statistically significantly higher reduction in
central subfield thickness (CST) at month 12 after initiation of intravitreal anti-VEGF
treatment (101.63 £ 56.80 pum in LL vs. 72.44 = 39.41 um in LM vs. 40.25 + 19.33 um
in MM, p =0.026). Patients with the M allele of the PONI L55M SNP were statistically
significantly associated with lower reduction in CST compared to non-carriers (68.29
+38.77 yum in LM + MM vs. 101.63 + 56.80 um in LL, p = 0.032).

Conclusions

These findings suggest that the R allele of the PONI Q192R SNP is likely to play a role
as a risk factor for retinal vein occlusion. The novel finding of this study is that the
presence of M allele of PONI L55M SNP was associated with significantly lower
reduction in CST after intravitreal anti-VEGF treatment in patients with macular
oedema due to RVO, suggesting that PONI/ L55M SNP may serve as a promising
genetic biomarker for predicting response to intravitreal anti-VEGF treatment in

patients with macular oedema due to RVO.
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ABSTRACT

Purpose: The purpose of this study was to determine whether specific genetic polymorphisms affect the
response to intravitreal anti-vascular endothelial growth factor (anti-VEGF) treatment in patients with
macular oedema secondary to retinal vein occlusion (RVO).

Methods: Participants in this prospective study were 50 patients with macular oedema secondary to
RVO, who were treated with intravitreal ranibizumab or aflibercept, and were followed-up for 12 months
after initiation of treatment. Five single nucleotide polymorphisms (SNPs) from three different genes
(APOE, PON1, SDF-1) were examined as potential predictors for treatment response to intravitreal anti-
VEGF agents.

Results: Patients with the LL genotype of the PONT L55M SNP had significantly higher reduction in
central subfield thickness (CST) at month 12 after initiation of intravitreal anti-VEGF treatment (101.63 +
56.80 um in LL vs. 72.44 +£39.41 um in LM vs. 40.25 £ 19.33 um in MM, p =.026). Patients with the M allele
of the PONT L55M SNP were significantly associated with lower reduction in CST compared to non-
carriers (68.29 + 38.77 um in LM + MM vs. 101.63 + 56.80 um in LL, p =.032).

Conclusion: PONT L55M SNP may serve as a promising genetic biomarker for predicting response to
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intravitreal anti-VEGF treatment in patients with macular oedema due to RVO.

INTRODUCTION

Retinal vein occlusion (RVO) is the second most common
retinal vascular disorder in adults, following diabetic retino-
pathy, and its incidence increases with age." The pathogenesis
of RVO is multifactorial and is mainly based on Virchow’s
triad, consisting of haemodynamic changes (venous stasis),
vascular endothelial damage and hypercoagulability.”
Hypertension, dyslipidaemia and diabetes mellitus are consid-
ered as primary systemic risk factors, while haematological
disorders, such as myeloproliferative syndromes, and abnorm-
alities in the coagulation system may also play a role in the
pathophysiology of RVO.” In addition, genetic factors may be
implicated in the pathogenesis of RVO, although studies inves-
tigating several polymorphisms as risk factors for RVO pro-
vide conflicting results in different populations.®™
Depending on the site of occlusion, RVO can be broadly
classified as central retinal vein occlusion (CRVO), branch
retinal vein occlusion (BRVO) or hemiretinal vein occlusion
(HRVO).” RVO can cause significant visual impairment due to
complications, which mainly include macular oedema and
ischaemia.” Specifically, tissue hypoxia and vascular damage
induce inflammation, oxidative stress and production of cyto-
kines with vascular endothelial growth factor (VEGF) to be the
most prominent, leading to macular oedema development due

to vascular hyper-permeability and promoting the develop-
ment of neovascularisation.

Intravitreal anti-VEGF injections are the “gold standard” in
the treatment of macular oedema secondary to RVO, since
their efficacy and safety have been established in pivotal clin-
ical trials.” However, considerable number of patients show
“partial” or “no response” to intravitreal anti-VEGF agents,
also having multiple recurrences. In the SCORE 2 study, 8.6%
and 22.5% of patients with CRVO originally treated with
intravitreal aflibercept or bevacizumab, respectively, showed
“poor response” at month 6 after initiation of treatment.” It is
worth mentioning that in real-life studies, the percentage of
poor responders was lower at month 12 after the start of anti-
VEGF treatment.'"'> Furthermore, it has been reported that
RVO eyes with good response within the first 3 months of anti-
VEGEF treatment continue to respond better over longer peri-
ods, compared to eyes who respond poorly in the initial
3-month period."”

In light of the above, the purpose of this study was to
investigate 5 genetic polymorphisms from 3 different genes
related to inflammation and oxidative stress (i.e., APOE,
PON1, SDF-1), as potential genetic biomarkers to predict
treatment response to intravitreal anti-VEGF agents in Greek
patients with macular oedema secondary to RVO.
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MATERIALS AND METHODS

Participants in this prospective study were 50 consecutive
patients with treatment-naive RVO and secondary centre-
involving macular oedema, who were presented and treated
with intravitreal anti-VEGF injections at the 2™ Department
of Ophthalmology, Attikon University Hospital, National and
Kapodistrian University of Athens, Athens, Greece, between
1** September 2019 and 1% September 2021. Diagnosis of RVO
was made clinically on the basis of the presence of retinal
haemorrhages, retinal vein dilatation, tortuosity, flame-
shaped and dot-blot haemorrhages, with or without optic
disc hyperaemia, while confirmed by fundus fluorescein angio-
graphy (FFA) and spectral domain-optical coherence tomo-
graphy (SD-OCT). Patients with other retinal diseases than
RVO, uncontrolled glaucoma with intraocular pressure (IOP)
>30 mmHg, ocular inflammation, corneal disease, trauma and
any previous intraocular surgery within the last 6 months, as
well as those with inadequate or unassessable imaging, were
excluded from the study. The study protocol was in adherence
to the tenets of Helsinki Declaration and was approved by the
Institutional Review Board of Attikon University Hospital
(Reference number: 699/2019 and 290/2020). Written
informed consent was obtained from all participants before
entering the study.

Demographic data of patients (age, gender) were recorded.
At baseline, all participants underwent a comprehensive
ophthalmic examination, including best-corrected visual
acuity (BCVA) measurement on Snellen charts (converted to
logMAR scale for statistical analysis), slit-lamp biomicroscopy,
IOP measurement by Goldmann applanation tonometry,
dilated fundoscopy, SD-OCT and FFA using Spectralis
(Spectralis HRA+OCT, Heidelberg Engineering, Heidelberg,
Germany). The SD-OCT standard acquisition protocol con-
sisted of six 3-mm radial scans with equally spaced angular
orientations centred on the foveola and a 20 x 20°Cube,
centred over the fovea, with 49 horizontal, equally spaced
120 um apart, raster lines. The average retinal thickness of
a 1-mm diameter circle centred over the foveola, according
to the Early Treatment Diabetic Retinopathy Study grid sub-
fields, which is called central subfield thickness (CST), was
recorded after each SD-OCT acquisition. Moreover, macular
ischaemia was evaluated on FFA and defined as disruption and
enlargement of foveal avascular zone (FAZ).

All patients were treated with intravitreal anti-VEGF injec-
tions, either 0.5mg/0.05 ml ranibizumab or 2.0 mg/0.05 ml
aflibercept, following a protocol of at least 3 monthly injections
and thereafter pro re nata (PRN) until month 12 after initia-
tion of treatment. The mean duration from diagnosis of RVO
to treatment onset was 1 week. Re-treatment was performed if
BCVA decreased by at least 1 Snellen line (equivalent to
a difference of 0.1 logMAR) and/or reduction in CST < 10%
compared to the previous visit or CST 2320 um. All partici-
pants were followed-up every month for 12 months after treat-
ment initiation. At each follow-up visit, patients underwent
BCVA measurement and SD-OCT, while FFA was performed
at the physician’s discretion. At month 12, treatment response
to intravitreal anti-VEGF agents was assessed. The difference
in BCVA (ABCVA) between the initial BCVA at presentation

(BCVADO) and the BCVA at month 12 (BCVA12), as well as the
difference in CST (ACST) between the CST at baseline (CSTO0)
and the CST at month 12 (CST12), was calculated for each
patient.

Genotyping

Blood samples were collected at the time of diagnosis via
puncture from the median cubital vein of the study partici-
pants, on EDTA tubes, and stored at —20°C until DNA extrac-
tion. DNA was extracted from whole blood using NucleoSpin
blood mini kit (Macherey-Nagel) following the instructions
provided by the manufacturer. The genetic analysis was per-
formed at the Department of Clinical Biochemistry and
Molecular Diagnostics, Attikon University Hospital, National
and Kapodistrian University of Athens, Athens, Greece.

APOE genotyping was determined by performing
Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP), using sequence-specific primers,
as previously described.'* The primers used were upstream
primer F: 5-ACAGAATTCGCCCCGGCCTGGTACAC-3’
and downstream primer R: 5’-
TAAGCTTGGCACGGCTGTCCAAGGA-3. After amplifica-
tion, the resulting 244 base pair (bp) product was digested by
the restriction enzyme Hhal (New England BioLabs) and after
agarose 4% gel electrophoresis, the DNA fragments were
visualised by ultraviolet fluorescence after staining with ethi-
dium bromide. APOE gene has 2 single nucleotide polymorph-
isms (SNPs) in exon 4 that give rise to 3 APOE haplotypes,
known as E2, E3 and E4 alleles, that result from two amino
acid changes at positions 112 (rs429358) and 158 (rs7412) in
exon 4 (cysteine to arginine and arginine to cysteine, respec-
tively). Each one of these APOE allele has different Hhal
cleavage sites (GCGC), which lead to unique combinations of
Hhal fragment sizes.'"* Heterozygotic combinations contain
mixed fragments from both sets of fragments from each
APOE allele.

For SDF-1 gene, also known as CXCL12, the SDF1-3'G(801)A
polymorphism rs1801157 [a common polymorphism in the 3'-
untranslated region (3'-UTR) of exon 10, which contains a G>A
transition at position 801] was also determined by performing
PCR-RFLP as previously described.'> The primers used were
upstream primer F: 5-GAGTCAACCTGGGCAAAGCC- 3" and
downstream primer R: 5- AGCTTTGGTCCTGAGAGTCC- 3.
The amplified 302 bp PCR products were cleaved by MsplI restric-
tion enzyme (New England BioLabs) and then electrophoresed on
4% agarose gel stained with ethidium bromide. SDFI-3’(801)G
allele corresponds to two fragments of 202 bp and 100 bp, whereas
the presence of SDF1-3’(801)A allele leads to one uncut 202 bp
band because the G to A substitution results in loss of the restric-
tion site. The presence of all three bands of 100, 200 and 302 bp
indicates the heterozygous SDF1-3’(801)GA genotype.

L55M in exon 3 (rs854560) and Q192R in exon 6 (rs662) are
the most studied polymorphisms for PONI gene. To identify
PON1 L55M (leucine to methionine substitution at position 55
in exon 3) SNP and Q192R (glutamine to arginine substitution
at position 192 in exon 6), PCR-RFLP was used. The following
primers were used for the amplifications of L55M as described



by Cozzi et al.'® 5-GCTCTAGTCCATCAATTTAAAACAAA
-3' (upstream) and 5'-TGGGTATACAGAAAGCCTAAGTGA
-3' (downstream), and the following for Q192R as described by
Zama et al'” 5-TATTGTTGCTGTGGGACCTGAG-3'
(upstream) and 5-CACGCTAAACCCAAATACATCTC-3
(downstream). After electrophoresis on 4% agarose gel, the
PCR products were digested by NlallI restriction enzyme and
by Alwl restriction enzyme, for the L55M and Q192R poly-
morphisms, respectively. For L55M SNP, samples illustrating
uncut 394 bp fragments were assigned as PONI55LL (wild-
type) genotype, samples revealing 124 bp and 245 bp bands
were assigned as MM homozygous mutant and samples exhi-
biting all three 124 bp, 245 bp and 394 bands were assigned as
LM heterozygous genotype. Similarly, for Q192R SNP, QQ
(wild-type) corresponded to only one uncut 98 bp fragment,
RR homozygous mutant corresponded to combination of 35
bp and 63 bp fragments and QR heterozygous genotype was
identified by the presence of all three 35 bp, 63 bp and 98 bp
fragments, after electrophoretic separation.

Statistical Analysis

Quantitative parameters were presented as mean + standard
deviation (SD), while categorical variables were expressed as
frequency and percentage. The Kolmogorov-Smirnov and the
Shapiro-Wilk normality tests were applied for data distribution
assessment. Both the evaluation of the Hardy-Weinberg equili-
brium (HWE) and the estimation of allele and genotype fre-
quencies of the studied polymorphisms were performed using
the SNPStats web tool. The differences between groups regard-
ing quantitative variables were determined using one-way ana-
lysis of variance (ANOVA), with Bonferroni and Tukey HSD
post hoc correction to adjust for multiple comparisons. For
comparisons (of the means of continuous variables) between
two groups, independent-samples t-test was used. For variables,
whose data do not follow the normal distribution, Kruskal-
Wallis test and Mann-Whitney were done, as appropriate.

The reduction of CST following anti-VEGF intravitreal
injections (ACST) was analysed for possible association with
CSTO, age, gender, hypertension, diabetes mellitus, diabetes
mellitus duration, dyslipidaemia, smoking and PONI LL gen-
otype performing univariate and multivariate linear regression
analyses.

Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) software version 28.0.1.0 (IBM
Corporation, Armonk, NY, USA). P-values <0.05 were con-
sidered statistically significant.
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RESULTS

The mean age of the 50 patients (27 male, 23 female) was 67.3
+£9.5years at the baseline. Thirty-five patients (70%) were
diagnosed with CRVO and 15 patients (30%) had BRVO.

Table 1 shows the frequencies of the alleles and the geno-
types of the studied SNPs. Genotype frequencies of all studied
SNPs conformed to the HWE expectations (p > .05).

Table 2 depicts the demographic and clinical data based on
specific SNPs. There was a statistically significant difference
among the genotypes for PON1 L55M polymorphism regarding
the difference in CST (p =.026). There was also a statistically
significant difference in the difference in CST in the Tukey HSD
post hoc pairwise comparison between the LL genotype and the
MM genotype (p=.05). No statistically significant difference
was found in BCVA at baseline, at month 12 and in the differ-
ence in BCVA, as well as in CST at baseline and CST at month
12 among the different genotypes of all the studied SNPs.

In addition, we examined if the presence of any of the alleles
of the studied SNPs is significantly associated with better
treatment outcomes, as shown in Table 3. Specifically, t-test
between LL genotype and MM + LM genotypes revealed that
the presence of the M allele (MM + LM genotypes) of PON1
L55M was statistically significantly associated (p =.032) with
poorer anatomical response to treatment compared to non-
carriers (LL homozygotes). The difference in CST was 68.3 +
38.8 um for the M carriers and 101.6 £ 56.8 um for the LL
homozygotes. No statistically significant difference was
noticed for other SNPs.

Univariate linear regression analyses were performed to
assess the association of baseline factors with ACST after
1 year of anti-VEGF injections (Table 4). LL genotype was
the only statistically significant variable (p=.017) using the
univariate analysis.

Multivariate linear regression analysis was also performed;
a screening criterion of p<.2 at the univariate analyses was
adopted to determine which variables would be included in
the multivariate linear regression analysis model.
Subsequently, multivariate linear regression analysis of LL gen-
otype over anatomical response, adjusted for hypertension and
diabetes was performed (Table 5); the model was statistically
significant (p =.034). The results showed that the LL genotype
of PONI L55M presented higher reduction in CST after treat-
ment compared to LM + MM genotypes (p=-0.318, p =.035).
Therefore, the presence of M allele is a significant predictor for
poorer anatomical response after intravitreal anti-VEGF treat-
ment. Covariates hypertension and diabetes did not demon-
strate any statistical significance at the regression model.

Table 1. Frequencies of the alleles and the genotypes of the studied single nucleotide polymorphisms.

PON1 L55M PON1 Q192R APOE SDF1-3'G(801)A
Allele L 65 (65%) Q 72 (72%) E3 90 (90%) G 73 (73%)
M 35 (35%) R 28 (28%) E4 6 (6%) A 27 (27%)
E2 4 (4%)
Genotype LL 19 (38%) QQ 26 (52%) E3E3 40 (80%) GG 25 (50%)
LM 27 (54%) QR 20 (40%) E2E3 4 (8%) GA 23 (46%)
E3E4 6 (12%)
MM 4 (8%) RR 4 (8%) E2E4 0 (0%) AA 2 (4%)
Allele carriers (either homozygote or heterozygote) LL+LM 46 (92%) QQ+QR 46 (92%) GG+ GA 48 (96%)
MM + LM 31 (62%) RR+ QR 30 (60%) AA +GA 25 (50%)
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Table 4. Univariate linear regression analyses: role/effect of each variable on change in CST (ACST) after 1 year of anti-VEGF injections.

Unstandardised Coefficients

Variables Beta (B) Standard error Standardised Beta (B) Coefficient p-value
L55M: LL VS (LM + MM) -16.671 6.754 -0.336 0.017
Age 0.521 0.740 0.101 0.485
Gender 2.651 13.960 0.027 0.850
CRTO 0.096 0.104 0.133 0.358
Hypertension 25.183 13.735 0.256 0.073
Diabetes —21.350 13.870 —-0.217 0.130
Diabetes Duration -0.211 0.928 —0.033 0.821
Dyslipidaemia —-0.497 14.022 —0.005 0.972
Smoking —0.065 16.803 —0.001 0.997

CST: central subfield thickness; A: difference.
The bold notes the presence of statistically significant difference.

Table 5. Final step of stepwise (multivariate) linear regression analysis showing significant predictors of change in CST (ACST) after 1 year of

anti-VEGF injections.

Unstandardised Coefficients

Variables Beta (B) Standard error Standardised Beta (B) Coefficient p-value
L55M: LL VS (LM + MM) -15.779 7.266 -0.318 0.035
Hypertension 23.086 14.082 0.235 0.108
Diabetes —1.558 15.252 —-0.016 0919

CST: central subfield thickness; A: difference.
The bold notes the presence of statistically significant difference.

DISCUSSION

Several studies have examined the potential association
between different SNPs and the risk of RVO. In addition,
previous studies have identified an association between various
SNPs and treatment response to intravitreal anti-VEGF ther-
apy in other retinal diseases, such as age-related macular
degeneration, polypoidal choroidal vasculopathy and diabetic
macular oedema.'® >’ However, the effect of genetic back-
ground on treatment response to intravitreal anti-VEGF
agents in RVO has not been studied so far. To our knowledge,
the current study is the first to investigate pharmacogenomics
on treatment response to intravitreal anti-VEGF agents in
patients with RVO. Specifically, we evaluated the impact of 5
genetic polymorphisms in three different genes (APOE, PON1
and SDF-1) on the anatomical and functional outcomes after
intravitreal anti-VEGF treatment in patients with RVO.

APOE haplotypes and PON1 L55M/Q192R polymorphisms
have been previously reported as factors affecting predisposi-
tion to RVO,*?*" whereas SDFI-3'G(801)A polymorphism has
been associated to increased risk of neovascularisation in RVO
patients.">** Apolipoprotein E (APOE) is a multifunctional
plasma protein with inflammatory effect, which is involved
in lipid metabolism and vascular function.”> Elevated levels
of APOE have been positively correlated with VEGF levels,
while APOE E4 allele has been associated with better treatment
outcomes in patients with age-related macular degeneration.**
On the other hand, stromal cell-derived factor 1 (SDF-1) is
a chemokine, that forms a regulatory loop with VEGF, pro-
moting retinal angiogenesis.'” Vitreous SDF-1 levels have been
found to be elevated in eyes with RVO compared to controls
and especially in eyes with iris neovascularisation secondary to
RVO.">? In our study, genetic polymorphisms on APOE and
SDF-1 genes failed to demonstrate any statistically significant
effect on treatment response to intravitreal anti-VEGF agents
in patients with RVO.

The principal finding of our study was that the presence of
M allele (LM + MM) of PON1 L55M polymorphism was sta-
tistically significantly associated with worse anatomical out-
comes after 12 months of intravitreal anti-VEGF treatment in
RVO patients, while LL genotype provided a favorable
response in terms of anatomical improvement in CST.
However, no correlation was found between the PONI L55M
polymorphism and the functional outcomes 1 year after initia-
tion of intravitreal anti-VEGF injections.

Human serum paraoxonase-1 (PONI) is a 43-kDa, 354-aa
calcium-dependent glycoprotein, which is mainly synthesised
in the liver and is being secreted into the blood, where it is
predominantly bound to high-density lipoprotein (HDL).
PONTI has multiple antioxidant and anti-inflammatory proper-
ties, decreasing the peroxidation of low-density lipoprotein
(LDL) and reducing reactive oxygen species (ROS).!1%2° Both
homocysteine and PONI have also been implicated in vascular
diseases with endothelial dysfunction.*® Oxidative stress plays
a pivotal role in RVO pathogenesis, triggering the expression
of a variety of adhesion molecules, such as vascular cell adhe-
sion molecule-1 (VCAM-1) and intracellular adhesion mole-
cule-1 (ICAM-1), chemokines like monocyte chemoattractant
protein-1 (MCP-1), and cytokines, such as interleukin-6 (IL-
6), interleukin-8 (IL-8) and VEGF.?” Moreover, HDL choles-
terol, which has anti-inflammatory and anti-oxidative effect,
has been reported to be low in patients with RVO,*® while
monocyte/HDL ratio has been found to be elevated and has
been proposed as a novel biomarker indicating inflammation
and oxidative stress in BRVO patients.*

The association between PON1 polymorphisms and the risk
of exhibiting RVO has been previously investigated. Ortak
et al. reported that LL genotype has a protective role in the
pathogenesis of RVO,?! while Murata et al. showed an associa-
tion of Q192R allele and higher risk of CRVO.* Our finding
that individuals carrying M allele presented worse anatomical
response to intravitreal anti-VEGF treatment compared to



non-carriers indicates that PONI’s antioxidant activity is lower
in the presence of M allele in patients with RVO. This observa-
tion is in line with previous studies, which have proven the
association of 55 L allele and 192 R allele with higher paraox-
onase enzymatic activity and serum concentration,”>* espe-
cially due to greater 55 L allele’s stability to proteolysis.”*

Potential limitation of the study was the relatively small
study sample, which prevails a separate analysis between
patients with CRVO and BRVO, although the two clinical
entities have different pathophysiology and prognosis. In addi-
tion, two different intravitreal anti-VEGF agents were used i.e.,
ranibizumab and aflibercept. Nevertheless, the recently pub-
lished randomised LEAVO study on 463 participants has
shown that aflibercept was non-inferior to ranibizumab in
patients with macular oedema due to CRVO.”> However, it
should be noted that this is a real-life study including treat-
ment naive patients, while the response to treatment was
assessed objectively by measuring the change in CST. Finally,
the potential association between SNPs and treatment
response to intravitreal anti-VEGF agents in patients with
RVO was firstly examined.

In conclusion, the novel finding of this study is that the
presence of M allele of PON1 L55M SNP was associated with
significantly lower reduction in CST after intravitreal anti-
VEGF treatment in patients with macular oedema due to
RVO, suggesting that L55M SNP may serve as a promising
genetic biomarker for predicting response to intravitreal
anti-VEGF agents. This is the first time that a genetic poly-
morphism is implicated in affecting the treatment response
in RVO patients. Further studies with larger sample are
needed to justify our results and explore the association
between other SNPs and treatment response. Such studies
would not only allow a better understanding of the impact of
genetic variants on the pathogenesis of the disease but may
also identify new therapeutic targets and probably lead to
individualised treatment following genetic screening of
patients at baseline.
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Abstract: Numerous studies have tried to evaluate the potential role of thrombophilia-related genes
in retinal vein occlusion (RVO); however, there is limited research on genes related to different patho-
physiological mechanisms involved in RVO. In view of the strong contribution of oxidative stress and
inflammation to the pathogenesis of RVO, the purpose of the present study was to investigate the
association of inflammation- and oxidative-stress-related polymorphisms from three different genes
[apolipoprotein E (APOE), paraoxonase 1 (PON1) and stromal cell-derived factor 1 (SDF-1)] and the risk of
RVO in a Greek population. Participants in this case-control study were 50 RVO patients (RVO group)
and 50 healthy volunteers (control group). Blood samples were collected on EDTA tubes and genomic
DNA was extracted. Genotyping of rs854560 (L55M) and rs662 (Q192R) for the PON1 gene, rs429358
and rs7412 for the APOE gene and rs1801157 [SDF1-3'G(801)A] for SDF-1 gene was performed using
the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. Multi-
ple genetic models (codominant, dominant, recessive, overdominant and log-additive) and haplotype
analyses were performed using the SNPStats web tool to assess the correlation between the genetic
polymorphisms and the risk of RVO. Binary logistic regression analysis was used for the association
analysis between APOE gene variants and RVO. Given the multifactorial nature of the disease, our
statistical analysis was adjusted for the most important systemic risk factors (age, hypertension and
diabetes mellitus). The dominant genetic model for the PON1 Q192R single nucleotide polymorphism
(SNP) of the association analysis revealed that there was a statistically significant difference between
the RVO group and the control group. Specifically, after adjusting for age and hypertension, the PON1
192 R allele (QR + RR) was found to be associated with a statistically significantly higher risk of RVO
compared to the QQ genotype (OR = 2.51; 95% CI = 1.02-6.14, p = 0.04). The statistically significant
results were maintained after including diabetes in the multivariate model in addition to age and
hypertension (OR = 2.83; 95% CI = 1.01-7.97, p = 0.042). No statistically significant association was
revealed between the other studied polymorphisms and the risk of RVO. Haplotype analysis for
PONT1 SNPs, L55M and Q192R, revealed no statistically significant correlation. In conclusion, PON1
192 R allele carriers (QR + RR) were associated with a statistically significantly increased risk of RVO
compared to the QQ homozygotes. These findings suggest that the R allele of the PON1 Q192R is
likely to play a role as a risk factor for retinal vein occlusion.

Keywords: PON1; APOE; SDF-1; retinal vein occlusion; genetic polymorphisms; oxidative stress;

inflammation
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1. Introduction

Retinal vein occlusion (RVO), either central RVO (CRVO) or branch RVO (BRVO), is
the second most common retinal vascular disorder after diabetic retinopathy, affecting more
than 28 million people worldwide with a comparable prevalence between females and
males. It is estimated that by 2050, the number of affected individuals in Europe will rise
by more than 20% [1,2]. Age is a major risk factor as the incidence increases significantly in
people over 50 years old; however, RVO can also occur in younger patients [3]. Depending
on the anatomical location of the occlusion and the involvement or not of the macula, the
presenting clinical symptoms vary from asymptomatic to unilateral painless visual loss.
It is worth noting that BRVO causes less visual impairment and has a better prognosis
compared to CRVO, although it is five-fold more prevalent than CRVO [4]. RVO can
be further classified as ischemic and nonischemic depending on the extent of capillary
nonperfusion areas [5].

The aetiopathogenesis of RVO is multifactorial; however, the exact pathogenetic
mechanism remains elusive. It has been suggested that compression and mechanical
stenosis of the retinal vein caused by an atherosclerotic artery and local inflammation
induced by venous stasis are the predominant pathogenetic events in most cases [6,7].
Systemic hypertension, diabetes mellitus and open-angle glaucoma have been found to
be strong independent risk factors associated with all types of RVO. Other systemic risk
factors, including cardiovascular disease, hyperlipidemia, an increased body mass index
and higher serum levels of the inflammation-related a2 globulin were also implicated in
BRVO. In addition, hematological disorders that lead to hyperviscosity may predispose a
person to RVO [3,5,6,8].

Both CRVO and BRVO can cause significant visual impairment secondary to macular
edema or retinal ischemia, while ocular neovascularisation can be a devastating complica-
tion, especially in the case of anterior segment involvement (neovascular glaucoma). There
are two main pathophysiological pathways in RVO: (1) inner blood-retinal barrier damage
promoted by the release of inflammatory cytokines and the oxidative stress-generated
reactive oxygen species; and (2) tissue hypoxia due to vessel closure, resulting in increased
expression of vascular endothelial growth factor (VEGF) [6,7,9,10].

So far, genetic research on RVO has been focused on thrombophilia-related genes,
which encode proteins that are involved in the coagulation pathway, with the results
being controversial [11]. Based on the lack of clear association, current clinical practice
guidelines do not include thrombophilia screening in the routine diagnostic workup of
patients presenting with vein occlusion. The identification of novel genetic susceptibility
loci for RVO may contribute to a deeper understanding of the disease and provide new
diagnostic strategies and therapeutic targets.

In light of the above-described pathophysiology of RVO and the crucial role of ox-
idative stress and inflammation, the purpose of this pilot study was to investigate the
potential association of five genetic polymorphisms from three distinct genes relevant
to oxidative stress and inflammation [apolipoprotein E (APOE), paraoxonase 1 (PON1) and
stromal cell-derived factor 1 (SDF-1)] with RVO.

2. Materials and Methods
2.1. Subjects

The population of our case-control study consisted of 50 consecutive patients diag-
nosed with RVO and 50 healthy controls recruited at the 2nd Department of Ophthalmology
of the National and Kapodistrian University of Athens, at Attikon University Hospital,
in Athens. All participants were native Greek and unrelated (no consanguinity). The
study protocol was in adherence to the ethical principles of the Declaration of Helsinki
and approved by the Institutional Review Board of Attikon University Hospital (Reference
number 290/2020). Clinical diagnosis of RVO was based on retinal examination findings
of flame-shaped and dot-blot hemorrhages, retinal vein dilatation and tortuosity, with or
without cotton wool spots and optic disc hyperemia. Spectral-domain optical coherence
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tomography (SD-OCT) as well as Fundus fluorescein angiography (FFA) were used for
confirmation of the diagnosis.

A comprehensive eye examination, which included best-corrected visual acuity mea-
surement, Goldmann applanation tonometry, slit lamp biomicroscopy, gonioscopy, fun-
doscopy following dilation of the pupils and SD-OCT of the macula, was conducted for all
the study subjects.

Exclusion criteria were uncontrolled glaucoma with intraocular pressure greater than
30 mmHg, ocular inflammation, ocular trauma, prior intraocular surgical operation per-
formed within the previous six months, corneal disease, inadequate fundal view due to
media opacities and any other ocular disease affecting the retina or the optic nerve.

Demographic data (age, sex) and the medical history of the study participants were
recorded. The diagnosis of systemic arterial hypertension included a history of antihyper-
tensive medication or repeated, on 2 or more occasions, resting blood pressure measurement
readings > 140/90 mmHg. Diabetes mellitus was considered present in individuals who
were under treatment with antidiabetic agents.

2.2. Genotyping

Five single nucleotide polymorphisms (SNPs) of three different genes, namely APOE
rs429358 and rs7412, PON1 rs854560 and rs662 and SDF-1 rs1801157, were selected to be
included in the study after a meticulous literature review on RVO genetics because of their
relationship with inflammation and oxidative stress.

Blood specimens, obtained from all the 100 study participants by peripheral venous
puncture, were collected into ethylenediaminetetraacetic acid (EDTA) tubes. Genomic
DNA was isolated from whole blood using a Macherey-Nagel NucleoSpin blood mini
kit following the manufacturer’s instructions and stored at —20 °C. The genotyping for
all the selected SNPs was determined using the polymerase chain reaction—restriction
fragment length polymorphism (PCR—RFLP) method with sequence-specific primers. The
Eppendorf 5331 Gradient MasterCycler Thermal Cycler (Eppendorf, Hamburg, Germany)
was the laboratory instrument used for the PCR. A 2X Promega GoTaq G2 Hot Start
Green Master Mix (Promega, Madison, WI, USA), which contained a thermostable hot-
start polymerase, deoxyribonucleotide triphosphates (INTPs), MgCl, and reaction buffers,
was used for the PCR for the PON1 and SDF-1 polymorphisms in a total volume of
25 pL. A 2X QIAGEN HotStarTaq Plus Master Mix Kit (QIAGEN, Hilden, Germany),
which contained DNA polymerase, QIAGEN PCR Buffer, MgCl, and dNTPs, was used for
APOE in a total volume of 17.5 uL After amplification, digestion of the PCR products by
restriction enzymes and agarose gel electrophoresis 4%, the DNA fragments were stained
with ethidium bromide to be visualized by ultraviolet fluorescence. Incubation of the
restriction digestion reactions in a water bath at 37 °C for 4 h for APOE polymorphisms and
for 3 h for PON1 and SDF-1 polymorphisms was performed to provide optimal conditions
for enzyme activity; 10X CutSmart Buffer was used for PON1 polymorphisms and M Buffer
was used for APOE and SDF-1 polymorphisms.

The genotyping analysis was performed at the laboratory of the Department of Clinical
Biochemistry and Molecular Diagnostics of the National and Kapodistrian University of
Athens, at Attikon University Hospital, in Athens.

The two APOE SNPs, rs429358 and rs7412, derived from two amino acid substitutions
at positions 112 (cysteine to arginine) and 158 (arginine to cysteine) in exon 4, respectively.
The combination of these two APOE SNPs gives rise to three APOE haplotypes, which are
widely referred to as alleles, namely E2, E3 and E4. The primers used for APOE genotyping
were upstream primer F: 5-ACAGAATTCGCCCCGGCCTGGTACAC-3" and downstream
primer R: 5-TAAGCTTGGCACGGCTGTCCAAGGA-3'. PCR thermal cycling conditions
were as follows: initial denaturation at 95 °C for 5 min, followed by 35 cycles including
denaturation at 95 °C for 1 min, primers annealing at 60 °C for 1 min and subsequent
extension at 72 °C for 1 min; a final extension of 5 min duration at 72 °C was also performed.
After amplification, the 244 base pair (bp) PCR product was cleaved by the Hhal restriction
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enzyme (New England BioLabs, Ipswich, MA, USA), resulting in unique combinations of
Hhal fragment sizes for each one of the APOE E2, E3 and E4 alleles. Specifically, E2 was
characterized by the presence of 91 bp and 83 bp fragments, E3 by 91 bp, 48 bp and 35 bp
fragments and E4 by 72 bp, 48 bp and 35 bp fragments [12].

The SDF-1 rs1801157 polymorphism contains a G to A transition at position 801 in the
3’-untranslated region (3’-UTR) of exon 10 and, for this reason, it is also written as SDF1-
3'G(801)A. The sequences of the primers were the following: 5'-GAGTCAACCTGGGCAAA
GCC-3' (upstream primer) and 5'-AGCTTTGGTCCTGAGAGTCC-3' (downstream primer).
The PCR cycling conditions were the following: initial denaturation at 94 °C for 4 min,
followed by 34 cycles including denaturation at 94 °C for 1 min, primers annealing at 50 °C
for 1 min and subsequent extension at 72 °C for 1 min; a final extension at 72 °C for 5 min
was also performed. The Mspl restriction enzyme (New England BioLabs, Ipswich, MA,
USA) was used to digest the amplified 302 bp PCR products. The presence of SDF1-3/(801)G
allele results in 202 bp and 100 bp bands, whereas the SDF1-3/(801)A allele gives one uncut
302 bp band as there is no restriction site after the G to A substitution. The heterozygous
SDF1-3/(801)GA genotype was revealed by the presence of all three 100, 202 and 302 bp
bands [13].

For the PONI1 gene, the rs854560 SNP was a leucine —+ methionine substitution at
position 55 of exon 3 (abbreviated as L55M) and the rs662 SNP was a glutamine — arginine
substitution at position 192 of exon 6 (abbreviated as Q192R).

The primers used for L55M were the following: 5-GCTCTAGTCCATCAATTTAAAAC
AAA-3' (forward) and 5'-TGGGTATACAGAAAGCCTAAGTGA-3 (reverse). For Q192R,
the forward primer was 5-TATTGTTGCTGTGGGACCTGAG-3' and the reverse was
5-CACGCTAAACCCAAATACATCTC-3'. The PCR thermocycling steps for PON1 poly-
morphisms were as follows: initial denaturation at 94 °C for 4 min, followed by 40 cycles
including denaturation at 94 °C for 1 min, primers annealing at 56 °C for 1 min and sub-
sequent extension at 72 °C for 1 min; a final extension stage of 5 min duration at 72 °C
was also performed. The Nlalll and AlwlI restriction enzymes (New England BioLabs,
Ipswich, MA, USA) were used to cleave the PCR products for the L55M and Q192R poly-
morphisms, respectively. Regarding the L55M SNP, PCR-RFLP electrophoresis results
displaying an uncleaved 394 bp band were classified as homozygous LL genotype (wild-
type), results illustrating 124 bp and 245 bp fragments were classified as homozygous
MM genotype and results displaying all three 124 bp, 245 bp and 394 fragments were
classified as heterozygous LM genotype [14]. For the Q192R genotyping, the homozygous
QQ genotype (wild-type) was identified by the presence of a single uncut 98 bp band and
the homozygous RR genotype corresponded to a combination of 35 bp and 63 bp fragments;
the display of all three 35 bp, 63 bp and 98 bp fragments indicated the heterozygous QR
genotype [15]. Figure 1 shows the PCR-RFLP assay (4% agarose gel electrophoresis) of the
PON1 Q192R polymorphism.

2.3. Statistical Analysis

The statistical analysis of the data was conducted using the Statistical Package for
Social Sciences (SPSS) software version 29.0.2.0 (IBM Corp., Armonk, NY, USA) and the
SNPStats web tool (https:/ /www.snpstats.net/start.htm, accessed on 25 March 2024) [16].

The Shapiro-Wilk and Kolmogorov-Smirnov normality tests were used to determine
whether age, the only quantitative parameter, was distributed normally. Age was expressed
as mean =+ standard deviation. Categorical variables were presented as frequency and
percentage. An independent samples t-test was used for age comparison between the
control and RVO groups. A Chi-square (x?) test was used to compare categorical variables
between the two groups.
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wild-type heterozygote

Figure 1. PCR-RFLP assays of paraoxonase 1 (PON1) Q192R after digestion of the amplified DNA
by the AlwlI restriction enzyme. Lanes 2, 4, 8, 9, 13—wild-type QQ genotype; Lanes 6, 7—mutant
RR genotype; Lanes 1, 3, 5, 10, 11, 12, 14—heterozygous QR genotype. Lane L represents the ¢ X174
(phiX174) Hae III digest DNA molecular weight marker ladder. The size of the restriction fragments
is written with black letters on the left side of the figure.

The Hardy-Weinberg equilibrium (HWE) and the allele and genotype frequencies
were obtained using SNPStats. An odds ratio (OR) with a 95% confidence interval (CI) was
calculated for the codominant, dominant, recessive, overdominant and log-additive genetic
models to assess the contribution of the selected polymorphisms to the risk of RVO; both
crude and multivariate analyses, adjusting for age, hypertension and diabetes mellitus,
were performed. Haplotype analysis for the two PON1 gene SNPs, Q192R and L55M, was
also performed using SNPStats.

For the APOE gene, because of its unique characteristic of having 3 alleles-haplotypes,
binary logistic regression analysis of SPSS, covarying for age, hypertension and diabetes,
was used to estimate odds ratio and confidence interval for both E2 and E4 allele carriers
compared to E3E3 homozygosity (E3E3 was set as referent group); the E2E4 genotype was
included in the E2 carriers’ group. Binary logistic regression association analysis for each
separate APOE genotype was also performed.

3. Results

The demographic and clinical characteristics of the study subjects are summarised in
Table 1. A total of 100 subjects were included in our case-control study: 50 RVO patients
(54% males, 46% females) with a mean age of 67.26 £ 9.45 years and 50 controls (56% males,
44% females) with a mean age of 69.84 + 13.18 years. The two groups were age- and
sex-matched. Among the RVO patients, 35 of them (70%) were diagnosed with CRVO
and 15 (30%) had BRVO. The frequencies of hypertension and diabetes were statistically
significantly higher in the RVO group compared to the control group (p = 0.003 and
p < 0.001, respectively).
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Table 1. Demographic and clinical characteristics of the patients with retinal vein occlusion (RVO)
versus control volunteers.

Control Group RVO Group p
Age (mean =+ standard deviation, years) 69.84 +£13.18 67.26 +9.45 0.263 *
Sex, Males/Females (N, %) 28 (56%)/22 (44%) 27 (54%)/23 (46%) 0.8415
Hypertension (N, %) 15 (30%) 30 (60%) 0.003 8
Diabetes mellitus (N, %) 3 (6%) 20 (40%) <0.001§

* p-value calculated using independent samples t-test; § p-value calculated using the Chi-square (x?) test. The bold
font denotes the presence of statistical significance.

The allele and genotype frequencies in the RVO patients and the control group for all
the studied polymorphisms are shown in Table 2. All the selected SNPs conformed to the
HWE expectations (p > 0.05).

The association analysis between the selected polymorphisms and the RVO risk re-
vealed a statistically significant difference between the RVO group and the control group
in the dominant genetic model for PON1 Q192R rs662 polymorphism. Specifically, after
adjusting for age and hypertension, the dominant model showed that the R allele (QR
and RR genotypes) was statistically significantly associated with increased risk of RVO
development compared to the QQ genotype (OR = 2.51; 95% CI = 1.02-6.14, p = 0.04). The
statistical significance of the result for the R allele of PON1 Q192R was maintained after
including diabetes mellitus in the multivariate analysis in addition to age and hypertension
(OR =2.83;95% CI = 1.01-7.97, p = 0.042). The result of the univariate (crude) association
analysis for PON1 Q192R was not statistically significant.

The other studied SNPs did not appear to be linked with susceptibility to RVO as none
of the genetic models of the association analysis demonstrated any statistically significant
difference between the RVO patients and the control group.

The crude and multivariate analyses results, including ORs, 95% Cls and p-values,
of all the genetic models (codominant, dominant, recessive, overdominant and log-additive)
for PON1 L55M, PON1 Q192R and SDF1-3'G(801)A are presented in Tables 3-5,
respectively.

Additionally, haplotype analysis for the two SNPs of the PON1 gene, L55M and Q192R,
did not detect any association of any haplotype with the RVO risk (Table 6).

With reference to the APOE gene, to investigate its potential effect on RVO, we divided
the genotypes into the following genotype subgroups: homozygous E3E3, E2 carriers group
(E2E2, E2E3, E2E4) and E4 carriers group (E4E4, E3E4). No correlations between these
genotype subgroups and RVO were observed in the binary logistic regression analysis after
adjusting for age, hypertension and diabetes (Table 7). Also, no association with RVO was
found when each APOE genotype was examined separately using binary logistic regression
analysis.

Table 2. Allelic and genotypic distribution of PON1 L55M, PON1 Q192R, SDF1-3'G(801)A and APOE
in RVO patients and control group.

PON1 L55M Control Subjects, N (%) RVO Patients, N (%)
L 62 (62%) 65 (65%)
Allele

38 (38%) 35 (35%)
LL 21 (42%) 19 (38%)
Genotype LM 20 (40%) 27 (54%)

MM 9 (18%) 4 (8%)
Allele carriers (either LL + LM 41 (82%) 46 (92%)

homozygote or heterozygote) M + MM 29 (58%) 31 (62%)
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Table 2. Cont.

PON1 Q192R Control Subjects RVO Patients
79 (79% 72(72%
Allele Q (79%) (72%)
R 21 (21%) 28 (28%)
QQ 33 (66%) 26 (52%)
Genotype QR 13 (26%) 20 (40%)
RR 4 (8%) 4 (8%)
Allele carriers (either QQ+QR 46 (92%) 46 (92%)
homozygote or heterozygote) OR +RR 17 (34%) 24 (48%)
SDF1-3' G(801)A Control Subjects RVO Patients
G 69 (69%) 73 (73%)
Allele
A 31 (31%) 27 (27%)
GG 22 (44%) 25 (50%)
Genotype GA 25 (50%) 23 (46%)
AA 3 (6%) 2 (4%)
Allele carriers (either GG +GA 47 (94%) 48 (96%)
homozygote or heterozygote) GA + AA 28 (56%) 25 (50%)
APOE Control Subjects RVO Patients
E3 84 (84%) 90 (90%)
Allele E4 10 (10%) 6 (6%)
E2 6 (6%) 4 (4%)
E3E3 36 (72%) 40 (80%)
E2E3 5 (10%) 4 (8%)
E3E4 7 (14) 6 (12%)
Genotype
E2E4 1(2%) 0 (0%)
E4F4 1(2%) 0 (0%)
E2E2 0 (0%) 0 (0%)
E2 carriers
(E2E2, 6 (12%) 4(8%)
. . E2E3,
Allele carriers (either E2E4)
homozygote or heterozygote)
E4 carriers
(E4E4, 8 (16%) 6 (12%)
E3E4)

Table 3. Crude and multivariate association analysis between PON1 L55M and RVO risk.

Adiusted for Adjusted for
PON1 L55M Frequencies Crude Analysis A ) . Age + Hypertension +
ge + Hypertension ?
Diabetes
Control RVO o o o
Model Genotype Group Group OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
LL 21 (42%) 19 (38%) 1.00 1.00 1.00
Codominant LM 20 (40%) 27 (54%)  1.49 (0.64-3.48) 0.21 1.31 (0.53-3.23) 0.3 0.82(0.29-2.33) 0.24
MM 9 (18%) 4 (8%) 0.49 (0.13-1.86) 0.45 (0.11-1.87) 0.25 (0.05-1.38)
LL 21 (42%) 19 (38%) 1.00 1.00 1.00
Dominant 068 ———-—-— 091 ———7—
IM+MM 29 (58%) 31(62%) 1.18(0.53-2.63) 1.05 (0.45-2.47) 0.65 (0.24-1.77)
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Table 3. Cont.

Adiusted for Adjusted for
PON1 L55M Frequencies Crude Analysis ) . Age + Hypertension +
Age + Hypertension 3
Diabetes
Control RVO o o o g
Model Genotype Group Group OR (95% CD) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
LL+LM  41(82%) 46 (92%) 1.00 1.00 1.00
Recessive 013 —— 015 —m—F—— 01
MM 9 (18%) 4 (8%) 0.40 (0.11-1.38) 0.39 (0.10-1.48) 0.28 (0.06-1.38)
LL+MM  30(60%) 23 (46%) 1.00 1.00 1.00
Overdominant 016 ————— 029 —— 081
LM 20 (40%) 27 (54%)  1.76 (0.80-3.89) 1.58 (0.68-3.66) 1.13 (0.43-2.95)
Log-additive - - - 0.88 (0.49-1.57) 0.66 0.82 (0.44-1.53) 0.54 0.59 (0.28-1.25) 0.16

Table 4. Crude and multivariate association analysis between PON1 Q192R and RVO risk.

. . Adjusted for Age + Adjusted for Age +
PON1 Q192R Frequencies Crude Analysis Hypertension Hypertension + Diabetes
Control RVO o o o g
Model Genotype Group Group OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
QQ 33 (66%) 26 (52%) 1.00 1.00 1.00
Codominant QR 13 (26%) 20 (40%)  1.95 (0.82-4.65) 0.31 2.61 (1.01-6.75) 0.12 2.87 (0.96-8.60) 0.13
RR 4 (8%) 4 (8%) 1.27 (0.29-5.57) 2.11 (0.42-10.60) 2.69 (0.42-17.30)
QQ 33 (66%) 26 (52%) 1.00 1.00 1.00
Dominant 015 ————— 004 —— —— 0.042
QR+RR 17 (34%) 24 (48%) 1.79(0.80-4.01) 2.51 (1.02-6.14) 2.83 (1.01-7.97)
QQ+QR 46 (92%) 46 (92%) 1.00 1.00 1.00
Recessive - 065 ——— ——— 053
RR 4 (8%) 4 (8%) 1.00 (0.24-4.24) 1.43 (0.30-6.67) 1.79 (0.30-10.66)
QQ+RR 37 (74%) 30 (60%) 1.00 1.00 1.00
Overdominant 014 ———F—— 0062 ——F— 008
QR 13 (26%) 20 (40%)  1.90 (0.81-4.43) 2.36 (0.94-5.89) 2.52 (0.88-7.23)
Log-additive - - - 1.41 (0.76-2.63) 0.27 1.84 (0.93-3.67) 0.075 2.05 (0.94-4.48) 0.067

The bold font denotes the presence of statistical significance.

Table 5. Crude and multivariate association analysis between SDF1-3'G(801)A and RVO risk.

L . . Adjusted for Age + Adjusted for Age +
SDF1-3'G(801)A Frequencies Crude Analysis Hypertension Hypertension + Diabetes
Control RVO o o o g
Model Genotype Group Group OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
GG 22 (44%) 25 (50%) 1.00 1.00 1.00
Codominant GA 25 (50%) 23 (46%)  0.81(0.36-1.81) 0.79 1.05 (0.44-2.51) 0.8 0.96 (0.35-2.63) 0.74
AA 3 (6%) 2 (4%) 0.59 (0.09-3.84) 0.53 (0.07-3.91) 0.42 (0.04-3.96)
GG 22 (44%) 25 (50%) 1.00 1.00 1.00
Dominant 0% —— —— 0% ——————— 079
GA+AA 28(56%) 25(50%) 0.79 (0.36-1.73) 0.98 (0.42-2.27) 0.88 (0.33-2.31)
GG +GA 47 (94%) 48 (96%) 1.00 1.00 1.00
Recessive 065 ————— 051 ———— 04
AA 3(6%) 2 (4%) 0.65 (0.10-4.08) 0.52 (0.07-3.68) 0.42 (0.05-3.85)
GG+AA 25(50%) 27 (54%) 1.00 1.00 1.00
Overdominant 069 ————— 081 ——— ——— 093
GA 25 (50%) 23 (46%)  0.85(0.39-1.87) 1.11 (0.47-2.61) 1.05 (0.39-2.78)
Log-additive - - - 0.79 (0.40-1.55) 0.49 0.90 (0.44-1.83) 0.77 0.81 (0.36-1.82) 0.61
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Table 6. Haplotype analysis of PON1 L55M and Q192R SNPs for association with RVO.
Haplotype Association with RVO
Haplotype and Frequencies Estimation . Adjusted for Age + Adjusted for Age +
Crude Analysis H . . ;
ypertension Hypertension + Diabetes

L55M QI92R Total g‘;‘;g;l é{r‘gl?p CF‘r‘:c‘l‘l‘ll::C‘;e OR(95% CI)  p-Value OR(95%CI) p-Value OR(95%CI)  p-Value
L Q 0.40 0.42 0.39 0.40 1.00 - 1.00 - 1.00 -
M Q 035 037 033 0.76 1.02(051-2.03) 096  1.06(0.50-2.25) 089  0.76(0.32-1.78)  0.53
L R 0.23 0.20 0.26 0.99 1.42 (0.64-3.14) 0.39 1.82 (0.76-4.38) 0.18 1.88 (0.72—4.90) 0.2
M R 0.01 0.01 0.02 1 1.53 (0.08-30.50) 0.78 296 (0.16-54.11) 0.47 1.02 (0.05-22.96) 0.99
Table 7. Binary logistic regression analysis for association between APOE genotype groups and RVO.
APOE Crude Analysis Adlj{l;,s;Zi :;)11; ijzﬁe + Adjusted for gigaeb :tI(;ISypertension +
Genotype Group  OR (95% CI) * p-Value OR (95% CD t p-Value OR (95% CD * p-Value
E3E3 Reference - Reference - Reference -
E2 carriers 0.60 (0.16-2.30) 0.456 0.45 (0.11-1.90) 0.275 0.49 (0.09-2.80) 0.424
E4 carriers 0.68 (0.21-2.13) 0.503 0.53 (0.15-1.90) 0.323 0.65 (0.17-2.59) 0.545

* Odds ratio estimate from binary logistic regression analysis.

4. Discussion

It is well established that age, hypertension, diabetes mellitus and open-angle glau-
coma are independent risk factors for the development of RVO, either CRVO or BRVO [8].
BRVO has also been linked to several systemic risk factors, including hyperlipidemia, car-
diovascular disease, elevated body mass index, elevated serum levels of the inflammation-
related protein &2 globulin and hypercoagulable state. Apart from the body mass index,
which is closely related to lack of physical activity, other lifestyle factors such as smoking
and diet seem to play a role in RVO. Mediterranean and plant-based diets have been
shown to reduce the risk for RVO due to their proven anti-inflammatory and anticoagulant
effects [17]. Hypertension is considered as the strongest risk factor because it accelerates
arterial stiffness (atherosclerosis), leading to mechanical compression of the adjacent vein.
This cascade of events causes mechanical lumen narrowing of the thin-walled veins, ab-
normal blood flow and endothelial damage, resulting in the formation of an endoluminal
thrombus and occlusion [18,19]. However, the exact mechanisms involved in the pathogen-
esis of RVO remain unclear. The three factors of Virchow’s triad, consisting of alterations
in blood flow (venous stasis), vascular endothelial injury and hypercoagulable state, are
implicated in thrombogenesis, leading to the RVO [3].

Numerous studies have tried to investigate the potential role of genetic polymorphisms
associated with thromboembolic risk in RVO. Several polymorphisms of genes that encode
proteins of the coagulation pathway have been studied, including 5,1-methylenetetrahydrofolate
reductase (MTHFR) C677T and A1298C, factor V Leiden G1691A, plasminogen activator in-
hibitor 1 (PAI-1) 4G/5G, factor 1I (also known as prothrombin) G20210A and vitamin K epoxide
reductase complex subunit 1 (VKORC1) G1639A, showing conflicting results about the associ-
ation between these thrombophilic mutations and RVO [20-24]. In a recent meta-analysis,
Romiti et al. [24] did not observe different prevalences of factor V Leiden G1691A, prothrom-
bin G20210A, MTHFR C677T and PAI-1 4G/5G thrombophilic genetic variants between
healthy subjects and patients with retinal vascular occlusion, suggesting that screening
for these genetic polymorphisms in patients with retinal vein occlusion or retinal artery
occlusion is not clinically useful.

MTHEFR C677T is the most studied genetic polymorphism regarding its potential
role as a risk factor for RVO. The MTHEFR gene is responsible for the production of the
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key regulatory enzyme MTHFR, whose activity determines the plasma homocysteine
levels. Several case-control studies reported an association between the MTHFR 677TT
genotype and RVO [25-29], while some other studies and meta-analyses did not reveal any
association [24,30-35].

Some other researchers aimed to evaluate the association of atherosclerosis-related ge-
netic polymorphisms including angiotensin 1I type 1 receptor (AGTR1) A1166C, angiotensin I-
converting enzyme (ACE) insertion/ deletion, platelet glycoprotein la/lla (Gpla/Ila) C807T /G873A,
matrix metalloproteinase 2 (MMP2) 1306C/T, tissue inhibitors of matrix metalloproteinase
2 (TIMP2) G418C and adiponectin +276 G/T with RVO [36—41]. Both Demir et al. [41]
and Christodoulou et al. [36] suggested that adiponectin +276 T allele carriers and AGTR1
C allele carriers are likely to be at increased risk for RVO. MMP2 1306C/T was found to
predispose to ischemia among patients with RVO [42]. The studies investigating the rest of
the abovementioned atherosclerosis-related SNPs demonstrated contradictory results.

There are also studies that selected SNPs from genes relevant to inflammation and
oxidative stress, similarly to our gene selection approach and assessed their possible effect
on the development of RVO. Heme oxygenase-1 is an important antioxidant enzyme that
inhibits proinflammatory responses; no association was found between heme oxygenase-1
—413A>T and RVO [43]. Maier et al. studied multiple SNPs from different cytokines, includ-
ing interleukin (IL)15 —511C>T, IL1 receptor antagonist (IL1IRN) 1018T>C, IL4 —584C>T, IL6
—174G>C, IL8 —251A>T, IL10 —592C>A, IL18 183A>G, C-C motif chemokine ligand 5 (CCL5)
—403G>A, monocyte chemoattractant protein (MCP)-1/CCL2 —2518 A>G and tumor necrosis
factor (TNF)-a —308G>A; however, none of them were implicated in the development of
RVO [44].

Apolipoprotein E (APOE) has an antiatherogenic function by serving as a ligand for
the low-density lipoprotein (LDL) receptor, thus facilitating the clearance of triglyceride-
rich lipoproteins from circulation and the reduction of plasma cholesterol levels [45]. APOE
also has known anti-inflammatory effects by suppressing the activation of the classical
complement cascade and the release of proinflammatory cytokines from foam cells [46].

It is known that the APOE E4 allele is associated with lower plasma APOE levels and
with an increased risk for cardiovascular disease. Apart from its atherogenic nature, the E4
allele is also a known strong genetic risk factor for Alzheimer’s disease as the low plasma
APOE levels result in decreased brain b-amyloid clearance [47]. Additionally, the E4 allele
has been implicated in RVO and nondiabetic retinopathy [48,49].

On the contrary, it is interesting that the E4 allele is linked with a protective role in
each of the age-related macular degeneration (AMD) subtypes, which can be explained by
the fact that APOE is an abundant constituent of retinal drusen, being expressed locally by
Miiller cells and retinal pigment epithelium (RPE) [50,51].

In our study, no correlation was found between the E4 allele and the development of
RVO, which aligns with the findings of Salomon et al. [25].

Stromal-cell-derived factor 1 (SDF-1) is a homeostatic chemokine, part of the C-X-C
motif subfamily (also known as CXCL12). Hypoxia-induced gene expression and upregu-
lation of SDF-1 in endothelial cells lead to inflammation and a subsequent blood-retina
barrier breakdown as well as the promotion of angiogenesis. The binding of SDF-1 to its
receptor CXCR4 stimulates the release of VEGE, which in turn provokes further expression
of SDF-1 in endothelial cells, resulting in a positive feedback loop. The SDF-1/CXCR4
pathway plays the predominant role in the mobilization of hematopoietic stem-cell-derived
endothelial progenitor cells in the process of retinal neovascularisation in retinal ischemic
diseases [52,53].

Ki-I et al. [54] documented that SDF-1 vitreous levels were statistically significantly
higher in patients with RVO complicated with neovascularisation compared to RVO pa-
tients without neovascularisation and controls. On the other hand, Zeng et al. [55] found
comparable CXCL12 vitreous concentrations between the RVO patients and control subjects.
Szigeti et al. reported that the SDF1-3'(801)A allele predisposes people to the development
of ocular neovascularisation as a complication of RVO [13].
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To our knowledge, our study is the first to investigate the potential association between
the SDF1-3'G(801)A polymorphism and the development of RVO; however, no correlation
was found.

Paraoxonase 1 (PON1) is a multifunctional calcium-dependent enzyme, strongly
bound to high-density lipoprotein (HDL), which promotes the anti-inflammatory and
antioxidant properties of HDL. PON1 is a promiscuous enzyme with different activities
as it can hydrolyze various substrates; it has paraoxonase activity, having the ability
to hydrolyze paraoxon as well as lactonase, and arylesterase activities that inhibit LDL
peroxidation. The antiatherogenic function of PON1 is, therefore, based on its lactonase and
arylesterase activities by reducing the proatherogenic oxidized LDL (ox-LDL), as ox-LDL is
directly involved in foam cell formation [56,57].

Q192R is the most widely studied PON1 SNPD, as it exerts a substrate-dependent effect
on the activity. The Q192 allozyme has higher lactonase and arylesterase antiatherosclerotic
activities than the 192R isoenzyme, whereas the opposite applies for paraoxonase activity
as 192R is more effective in hydrolyzing paraoxon than Q192. On the other hand, L55M is
regarded to influence the PON1 concentrations but not the enzymatic activity directly. The
L55 allozyme is associated with increased serum PON1 concentrations compared to the
55M due to its greater stability and resistance to proteolysis [58-60].

Angayarkanni et al. [61] found that PON1-arylesterase activity was significantly lower
in CRVO patients than in the control group, thus implicating oxidative stress and ox-LDL in
CRVO. Ortak et al. [62] suggested a protective effect of the LL genotype of L55M polymorphism
on the pathogenesis of RVO, while they did not find any effect of Q192R on RVO.

In this study, L55M did not show a correlation with the development of RVO; however,
it is noteworthy that in one of our recent studies, we reported that the LL genotype provides
better treatment response to intravitreal injections of anti-VEGF drugs [63].

The finding of the present study, that the PON1 192 R allele carriers were associated
with a statistically significantly increased risk of RVO compared to the QQ homozygotes,
is in line with the previous report of Murata et al. [64] that the PONT 192R allele was
significantly associated with CRVO. Specifically, in our study, the odds ratio for the PON1
192 R allele carriers was 2.51 after adjusting for age and hypertension and 2.83 after
adjusting for age, hypertension and diabetes mellitus; in other words, the PON1 192 R
allele carriers were found to have 2.51 times and 2.81 times, respectively, the risk of RVvO
compared to QQ homozygotes (a 151% and 181% increase in risk, respectively).

The findings of our case-control study and of the relevant case-control studies for the
role of the APOE, SDF-1 and PONT1 genes or their encoded proteins in retinal vein occlusion
are summarized in Table 8.

Table 8. Summary of the findings of our case-control study and of the relevant case-control studies
for the role of APOE, SDF-1 and PONT1 genes or their encoded proteins in retinal vein occlusion.

Gene Polymor- Design and Purpose of

Study Country phism/Encoded Sample Size Results
Protein the Study
E4 allele significantly
associated with RVO (Odds
APOE E2,E3,E4  Association between 85:1 tIi{e\;?s xﬁ:r:ai%?)(i:; :r%).tle_c?ciize/
Mrad et al. [48] Tunisia ~ (SNPs: 15429358 ~ APOE main allelic types P ’ - P
and rs7412) (E2, E3, E4) and RVO 100 control against the disease (odds
T subjects ratio = 0.32, CI = 0.19-0.53).
No association between E2
allele and RVO
Association between 94 RVO Homo- or Heterozygosity for
Salomon et al. [25]  Israel APOEE2,E3,E4  APOE main allelic types g;téi?lﬁ;) | E%/aoll(eézgsr;ziizljsf 3f;;ctor for
(E2, E3, E4) and RVO T

subjects CI=0.61-2.84)
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Table 8. Cont.

Gene Polymor-

Design and Purpose of

Study Country {;i\;i;rilr/lEncoded the Study Sample Size Results
Role of SDF1-3'G(801)A SDF1-3/(801)A allele
g(e)i};rlrz)oﬁ}el:f:) fl rc;ctl}:lear 130 RVO predisposes to the
L SDF1-3'G(801)A P .. patients, development of
Szigeti et al. [13] Hungary . neovascularisation -
polymorphism (either anterior or 125 control neovascularisation as
posterior segment) as subjects complication of RVO (Odds
complication in RVO ratio = 2.69, CI = 1.47-4.93)
SDE-1 vitreous levels were
Relationshio between statistically significantly
SDF-1 (stromal SDF-1 Vitregus 20 RVO higher in RVO patients
Ki-Tetal. [54] Japan cell-derived concentration and iris patients, complicated with
’ P factor 1 cytokine) and/or anele 9 control neovascularisation than RVO
levels in vitreous &€ subjects patients without
neovascularisation neovascularisation
and controls
CXCL12 (C-X-C 25 RVO
motif chemokine  Correlation between atients CXCL12 vitreous levels were
Zeng et al. [55] China 12, also known as  chemokines vitreous 12)0 contr;) | comparable between the RVO
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polymorphisms APOE, SDF1-3'G(801)A

and PON1 L55M

The observed discrepancies in the reported results among studies investigating the
relationship between RVO and several different genetic polymorphisms could be attributed
to the considerable heterogeneity among studies. This heterogeneity is described by ethnic
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differences and environmental factors, as well as confounding variables, such as age and
other clinical risk factors. Therefore, our approach to adjusting our results for clinical
characteristics, including age, hypertension and diabetes, as well to excluding people with
glaucoma can be considered as a strength of our study. A potential limitation of our study
was the relatively small sample size. Additionally, separate analysis of CRVO and BRVO
patients was not performed because of the sample size, although the two types of RVO
have differences in their pathophysiology. Finally, the findings of our study might not be
applicable to other ethnic groups because all the participants in our study were Greek and
the prevalence of genetic variants can vary among populations of different ancestries.

5. Conclusions

In conclusion, the findings of our pilot case-control study suggest that the R allele
of the PON1 Q192R is likely to be a risk factor for RVO. No evidence of an association
between PON1 L55M, APOE and SDF1-3'G(801)A was found. Given the multifactorial
nature of the disease, future large-scale studies and meta-analyses, which will take into
consideration systemic risk factors and variations among ethnic groups, are required to
verify the role of PON1 Q192R SNP in the susceptibility to RVO and explore potential effects
of other SNPs on the pathogenesis of RVO. Such studies would not only further elucidate
the pathophysiological mechanisms that are implicated in RVO but may also impact clinical
practice by determining the suitability of introducing complementary genetic screening as
a preventive measure in high-risk patients.
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