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“ 7" HEDEFLENEN RETINAL HASTALIKLAR

RP, Leber KA, YBMD, BEST, STARGARDTS’, OPTiK NOROPATILER




+ Herediter retina hastaliklarinda bilinen 260 dan fazla
gen ve 3000 den fazla allel bulunmaktadir.




GEN TEDAVISI

* Hastaliga neden olan mutasyonlu geni tespit etmek
gerekir.

* Bu gen bir vektore yuklenerek g6ze uygulanir.
(Subretinal, intravitreal)

* Vektor olarak adenovirus, lentivirus ve adeno-
associated virus (AAV) kullanilabilir .

* Okuler gen tedavisinde en ¢cok rekombinant adeno-
associated virus (rAAV) kullanilmaktadir.




Vektorler | Ozellikleri Avantajlari Kisitlamalari

-Tek sarmalli DNA icerir. -Nonpatojeniktir. -Kapasitesi kiiciik 4.5-4.7 kb
-Blydklugi 20 nm -Nonintegredir -Uzun sureli etki sadece
-Parvovirustan elde edilir -Uzun siireli gen ekspresyonu postmitotik hiicrelerde olur
-Vektor DNA si hiicre DNA siyla muamkinddar. -Toplumda AAV immunitesinin
birlesebilir. ylksek olmasi

LV -Tek sarmalli RNA igerir. -Kapasite yiiksek 10 kb -Uretim verimi dustik
-BlyuklGgii 120 nm -immunojenite diisiik -Mutagenez riski var
-Vektor DNA si hiicre DNA sina -Boliinen hiicrelerde gen
integre olur ekspresyonu miimkiin

AV -Cift sarmal DNA icerir. -Kapasite yiiksek 37 kb -Cok giiclii antiviral immun
-Vektdr DNA si hiicre DNA siyla -Hem béliinen hem de bdliinmeyen  yanita yol agar
birlesebilir. hiicrelerde gen ekspresyonu yapar  -Uzun dénemde postmitotik

hicrelerde etkili

Nonviral Lipozom ve nanopartikdller immunojenite diisiiktiir. - Etkinligi daha duisiik
Vektorler -Gen ekspresyonu kisa siireli




Ly BGEN TEDAVISI KLINIK CALISMALAR

RPE65 Mutasyonlu LEBER KA

RPE65 gen mutasyonu olan LKA’lu olgularda
* Subretinal RPE65 genini tasiyan rAAV2
« 3 yillik takip

* Olgularin Z65’inde gorme keskinligi, gérme alani ve
retinal hassasiyette artis izlenmistir.

* GOzlerin %57 sinde yan etki goralmdas.

*  Jacobson SG, et al. Gene Therapy for Leber Congenital Amaurosis caused by RPE65 mutations: Safety and Efficacy in Fifteen
Children and Adults Followed up to Three YearsArch Ophthalmol . 2012 January ; 130(1): 9—24.

*  TestaF.etal. Three Year Follow-Up after Unilateral Subretinal Delivery of Adeno-Associated Virus in Patients with Leber
Congenital Amaurosis Type2. Ophthalmology . 2013 June ; 120(6): 1283-1291

#*  Baainbridge JWG. Et al Long-Term Effect of Gene Therapy on Leber’s Congenital Amaurosis. N Engl J Med. 2015 May 14;
372(20):1887-1897

*  Weleber RG. Results at 2 Years after Gene Therapy for RPE65-Deficient Leber Congenital Amaurosis and Severe Early-
Childhood-Onset Retinal Dystrophy. Ophthalmology. 2016 Jul;123(7)




Luxturna: Voretigene Neparvovec-rzyl

Ocak 2017 de FDA onayi aldi
* rAAV vektoruyle uygulanan bir gen tedavisidir.

+ Biallelic (homozigot) RPE 65 gen mutasyonunda
endike

* Hastanin canli retina hiicreleri olmasi gerekir.

* 1 yasindan buyuk olgulara uygulanabilir.

* 1.5 X 10/n vektor genomu icerir. Volum: 0.3 mL. dir.
* PPV sonrasi subretinal olarak uygulanir.

* RPE65 geni RP’li olgularda %2, LKA ‘li olgularda %16




Figure 3. Injection Apparatus Assembly
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Figure 5b. Tip of the subretinal injection
Figure 5a. Subretinal injection cannula cannula placed within the

introduced via pars plana recommended site of injection
(surgeon’s point of view)
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Luxturna: Yan Etkiler

Table 1. Ocular Adverse Reactions Following Treatment with LUXTURNA (N=41)
Adverse Reactions Subjects n=41 Treated Eyes n=81
Any ocular adverse reaction 27 (66%) 46 (57%)
Conjunctival hyperemia 9 (22%) 9(11%)
Cataract 8 (20%) 15 (19%)
Increased intraocular pressure 6 (15%) 8 (10%)
Retinal tear 4 (10%) 4 (5%)
Dellen (thinning of the corneal stroma) 3 (7%) 3 (4%)
Macular hole 3 (7%) 3 (4%)
Subretinal deposits™ 3 (7%) 3 (4%)
Eye inflammation 2(5%) 4 (5%)
Eve irritation 2 (5%) 2 (2%)
Eve pain 2 (5%) 2 (2%)
Maculopathy (wrinkling on the surface
of the n?acu%aff : 2 (5%) 3 (4%)
Favee.ﬂ thinning and loss of foveal 1 2%) 2 (2%)
unction
Endophthalmitis 1 (2%) 1 (1%)
Foveal dehiscence (separation of the
retinal layers in the -::ﬂ]slter of the macula) L (2%) L(17%)
Retinal hemorrhage 1 (2%) 1(1%)
*Transient appearance of asymptomatic subretinal precipitates inferior to the retinal injection site 1-6 days after injection
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> J”EN COK CALISILAN GENLER

VE HASTALIKLAR

MERTK (mer proto-onkogen tirozin kinaz) mutasyonu
bulunan OR-RP

* RHO gen mutasyonu bulunan RP

* CHM mutasyonu bulunan X- R koroideremi

* ABCA4 mutasyonu olan Stargardts’ distrofisi
* BEST 1 mutasyonu olan Best Distrofisi

* MYO7A mutasyonu olan Usher Sendromu

* Anti VEGF gen bilesenlerine bakilarak yas tip YBMD
tedavisi (fms like tirozin kinaz 1 (sFlt-1)) Gizerinde
cahsilmaktadir.
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Research Paper

Phase 2a Randomized Clinical Trial: Safety and Post Hoc Analysis of
Subretinal rAAV.sFLT-1 for Wet Age-related Macular Degeneration

@ CrossMark

lan . Constable **<, Cora M. Pierce ?, Chooi-May Lai *<, Aaron L. Magno ?, Mariapia A. Degli-Esposti *<,
Martyn A. French ¢, Ian L. McAllister **<, Steve Butler |, Samuel B. Barone !, Steven D. Schwartz £,
Mark S. Blumenkranz ", Elizabeth P. Rakoczy *“*

ABSTRACT

Background: We present the results of a Phase 2a randomized controlled trial investigating the safety, and sec-
ondary endpoints of subretinal rAV sFLT-1 gene therapy in patients with active wet age-related macular degen-
eration {wAMD].
Methods: All patients (n = 32), {ClinicalTrials.gov; NCT01494805), received ranibizumab injections at baseline
and week 4, and thereafter according to prespecified criteria. Patients in the gene therapy group (n = 21) re-
ceived rAAVSFLT-1 (1 x 10" vg). All patients were assessed every 4 weeks to the week 52 primary endpoint.
Findings: Ocular adverse events { AEs) in the rAdV.sFLT-1 group were mainly procedure related and self-resolved.
All 11 phakic patients in the tAAVSFLT-1 group showed progression of cataract following vitrectomy. Mo system-
i safety signals were observed and none of the serious AEs were associated with rAAVsFLT-1. AAVZ capsid was
not detected and rAAV SFLT-1 DMNA was detected transiently in the tears of 13 patients, ELISPOT analysis did not
identify any notable changes in T-cell response. In the rAAVSFLT-1 group 12 patients had neutralizing antibodies
{(nAb) to AAVZ. There was no change in sFLT-1 levels in bodily fluids. In the rAAV.SFLT-1 group, Best Corrected
Visual Acuity (BCVA) improved by a median of 1.0 (IQR: — 3.0 to 9.0) Early Treatment Diabetic Retinopathy
Study (ETDRS) letters from baseline compared to a median of — 5.0 (KR: —17.5 10 1.0) ETDRS letters change
in the control group. Twelve (57%) patients in the rAAV.sFLT-1 group maintained or improved vision compared
to 4 (36%) in the control group. The median number of ranibizumab retreatments was 2.0 ( I0R: 1.0 to 6.0 for the
gene therapy group compared to 4.0 (IQR: 3.5 to 4.0) for the control group,
Interpretation rAAV sFLT-1 combined with the option for co-treatment appears to be a safe and promising ap-
proach to the treatment of wAMID.
Fumding: National Health and Medical Research Council of Australia {AF1010405), Lions Eye Institute, Perth Aus-
tralia, Avalanche Biotechnologies, Menlo Pk, CA, USA.

© 2006 The Authors, Published by Elsevier BV, This is an open access article under the CC BY-NC-ND license

{ http: /fereativecommons.ong/licensesby-nc-nd 4.0/,

Ranibizumab ile beraber verilmis, GK de artis ve RBZ enjeksiyon sayisinda azalma saglamis
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Retinal gene therapy in patients with choroideremia: initial
findings from a phase 1/2 clinical trial

Bobert E Macl aren, Markws Croppe, Alun R Bemard, Chardes. L Cottriall, Tarpa Tolmacdows, Len Sepmouy, K Reed Cork, Matithew | During,
Frams P'M Cremers, Groenme C M Black, Andrew | Lotery, Susan M Downes, Andrew R Webdter, Miguel C Seabm

Summary
Background Chorvideremia is an X-linked recessive discase that leads o blindness due to mutations in the CHM
gene, which encodes the Rab escort protein 1 (REP1). We assessed the effects of retinal gene therapy with an adeno-
associated viral (AAV) vector encoding REP1 (AAV.REP1) in patients with this disease.

Methods In a multicentre clinical trial, siv male patients {aged 35-63 years) with chormideremia were administered
AAVREP1 (0-6-1-0x10 genome particles, subfoveal injection). Visual funciion tests included best corrected visual
acuity, microperimetry, and retinal sensitivity tests for comparison of haseline values with 6 months afier surgery.
‘This study is registered with Clinical Trials. gov, number NCT01461213,

Findings Despite undergoing retinal detachment. which normally reduces vision, two patients with advanced
chorolderemia who had low baseline best corrected visual scuity gained 1 letters and 11 letters {more than two and
four lines of vision). Four other patients with near normal best corrected visual acuity at baseline recovered to within
one to three letters. Mean gain in visual acuity overall was 3-8 letters (SE 4-1). Maximal sensitivity measored with
dark-adapted microperimetry increased in the treated eyes from 230 dB (SE 1-1) at baseline to 25. 3 dB (1- 3) after
treatment {increase 2-3 dB [95% €1 0-8-3- 8]). In all patients, over the & months, the increase in retinal sensitivity in
the treated eves (mean 1-7 [SE 1-0f) was correlated with the vector dose administered per mm? of surviving retina
{r=00. 82, p=0.04). By contrast, small non-gignificant reductions (pe0.05) were noted in the control eves in both
maximal sensitivity (0.8 dB [1.5]) and mean sensitivity (-1.6 dB [0-9]). One patlent in whom the veclor was mot
administeresd to the fovea resstaldished varable eccentric fixation that incheded the ectlopic island of surviving retinal
pigment epithelium that had been exposed to vector

Interpretation The initial results of this retinal gene therapy trial are consistent with improved rod and cone function
that overcome any negative effects of retinal detachment. These findings lend support to further assessment of gene
therapy in the treatment of choroideremia and other diseages, such as age-related macolar degeneration, for which
intervention should ideally be applied before the onset of retinal thinning.

6 hastada ortalama 3.8 harf artis, retinal sensitivite artis
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GEN TEDAVISINDE ZORLUKLAR

* Herediter retina hastaliklarinda bilinen 260 dan fazla gen ve 3000
den fazla allel bulunmaktadir.

Ayni aile icinde ayni genin farkli mutasyonlari s6z konusu
olabilmektedir.

* Bu durum hastalikla ilgili degerlendirmeleri karmasik hale
getirmektedir.

* Yeni teknolojik gelismelere ragmen test edilen hastalarin yaklasik
%50 ‘sinde genetik bozukluk tespit edilebilmektedir.

*  Ayrica bu test ve tedaviler olduk¢a maliyetlidir. Luxturna: 425
bin dolar




</ Gelecekte gen tedavisi

+ Gelecekte GENOM EDITING sistemleri

+ CRISPR-Cas 9: Clustered Regulatory Interspaced Short
Palindromic Repeats

# TALEN: Transcription Activator-like Effector Nucleases




Kok Hiicre:
* Hucrenin 6zellesmemis en temel ve saf halidir.

* VUcuttaki pek ¢ok hicre tipine differensiye olabilir.
* Hasarh hicre ve dokulari onarabilir.
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KOK HUCRE TIPLERI

1- EMBRYONIK KOK HUCRE
2- ERISKIN KOK HUCRE
- Mesenkimal KH (Adipoz, Kemik iligi, Umblikal kord)
- Indiiklenmis pluripotent KH (IPKH)

Stem Cells

Human Developmental Continuum ————»

:‘
- \‘
5 3-dan 5.7 day
bry Embry

Fetal Tissue
Stem cells
” iroten

“"Adult" Stem ce
Pluripotent uripotent
or or
M ultipovent v Multipotent
Cord Blood Stem cells
Placental Stem cells
wripotent or Multipote
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MEKANIZMASI

# (1) Hlicre Replasmani: Saglikli kok hiicreler dejenere
hlcrelerin yerini alabilir.

# (2) Nutrisyonel Destek (Parakrin etki): Saglikli kok hiicreler
salgiladiklari faktorlerle etraftaki hicrelerin yasamlarini
desteklerler.

+ (3) Immunmodiilator etki




' | /KOK HOCRE TEDAVISININ

MEKANIZMASI

(2) Nutrisyonel Destek: Saglkli kok hiicreler salgiladiklari faktérlerle
etraftaki hiicrelerin yasamlarini desteklerler (Parakrin, Trofik etki)

Proangiogenik faktorler: Angiogenin, PLGF
Angiogenik kemokinler: CXCL1, CXCL,CXCL5,CXCL6 ve CXCLS8

Angiogenik growth faktdrler: HGF, bFGF, VEGF-D, PDGF-AA, TGF-£2, G-CSF,
TGF-p2

Norotrofik faktorler: bFGF, nerve growth factor (NGF), neurotrophin 3
(NT3), neurotrophin 4 (NT4), glial-derived neurotrophic factor (GDNF)

Hematopoietik growth faktdrler: G-CSF, GM-CSF, LIF, IL-1«, IL-6, IL-8, and
IL-11.
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<7 'G6zde Kok Hiicre Kullanimi

Cok kucuk dozlar yeterli olur.
Cerrahi yaklasim kolaydir.
Nakledilen hucre kolayca izlenir.

GOzun immdun yapisi uygundur.

Ekstraokiler yayillim s6z konusu degildir.
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" Klinik Calismalar-MKH

6 gbdzde 6 aylk takip
Enflamasyon ve timor olusumu yok
Hepsinde gorme artisi

1 olguda KNVM

* ¥ X *

*

Invest Ophthalmol Vis Sci. 2014 Dec 9;56(1):81-9. Intravitreal autologous bone marrow CD34+ cell therapy for ischemic
and degenerative retinal disorders: preliminary phase 1 clinical trial findings. Park SS et al .

20 RP olgusu intravitreal Ki-derive KH
KMO de de diizelme

3 ayda gérme artisi, 1yilda eskiye donus
Okuler ve sistemik komplikasyon yok

* % X *

*

Siqueira et al. Stem Cell Research & Therapy (2015) 6:29 Quality of life in patients with retinitis pigmentosa submitted to
intravitreal use of bone marrow-derived stem cells (Reticell -clinical trial)

Siqueira, R.C.; et al. Resolution of macular oedema associated with retinitis pigmentosa after intravitreal use of autologous BM-
derived hematopoietic stem cell transplantation. Bone Marrow Trans. 2013, 48, 612-613




Klinik Calismalar -EKH

Faz1-2 prospektif calisma subretinal hEKH-derived RPE
9 Stargardt's makula distrofisi ve 9 kuru tip AMD.
Toplam 18 olgu ortalama 22 ay takip

10 gozde gorme keskinliginde artis
13 (72%) gozde subretinal pigmentasyonda artis
Gorme ile iliskili hayat kalitesinde artis

Schwartz SD et al. Human embryonic stem cell-derived retinal pigment epithelium in patients with age-related macular degeneration and
Stargardt's macular dystrophy: follow-up of two open-label phase 1/2 studies. Lancet. 2015 Feb 7;385(9967):509-16.

4 AMD, 4 SMD olgusu 1 yil takip
inflamasyon ve okuler komplikasyon
1 olguda KNVM ve ERM

1yilda tim olgularda gérme artisi

Song WK et al. Stem Cell Reports. 2015 May 12;4(5):860-72.Epub 2015 Apr 30.
Treatment of macular degeneration using embryonic stem cell-derived retinal
pigment epithelium: preliminary results in Asian patients.
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Stem Cell Ophthalmology Treatment Study: bone marrow derived
stem cells in the treatment of Retinitis Pigmentosa

Jeffrey N. Weiss', Steven Levy”
2018-Haziran

Results: Following therapy in SCOTS or 3COTS 2, 11 patients (64.7%) showed improved binpcular
vision averaging 10.23 lines of Snellen acuity per eve over pre-treatment acuity; 5 padents (35.3%) remaining
stable over the follow up period; no patients cxperiencing loss of overall acuity. In 33 treated eyes, 15 cyes

(45.5%) improved an average of 7.9 lineg of Snellen acnity, 15 eves (45.5%)) remained stable, and 3 eyes
muf snellen acuity. Improvements ranged from 1 to 27 lines of
vigion. Using the LogMAR Scale and calculating delta ag a ratio to pre-treatment visipn in improved eves,
acuity improvement ranged from 23% top 90% with an average of 40.9% visual acuity improvement gver

baseline vision. Evaluation of 2ll patients and eyes capable of LogMAR vision showed an average of 31%
improvement in vision over baseline. Findings were of statistical significance (P=0.016). There were no

surgical complicadons.




L

\ T
.
" '

_ &
, §  NEURAL REGENERATION RESEARCH @,
N October 2016, Volume 11, Tssue 10 wwwarronlineorg S

@ RESEARCH ARTICLE

Stem Cell Ophthalmology Treatment Study (SCOTS):
bone marrow-derived stem cells in the treatment of

Leber’s hereditary optic neuropathy

Jeffrey N. Weiﬂ', Steven Lrs.".";rl ‘, Susan C. Benes'

1 Retina Associates of South Florida, 5800 Colonial Drive, Suite 300, Margate, FL, USA
2 MD Stem Cells, 3 Sylvan Road South, Westport, CT, USA
3 The Eye Center of Columbus, The Ohio State University, Columbus, OH, USA

— ' Stem Cell

Stem Cell Ophthalmology Treatment Study: bone marrow derived
stem cells in the treatment of non-arteritic ischemic optic
neuropathy (NAION)

Jeffrey N. Weiss', Steven Levy’, Susan C. Benes®







-+~ ULKEMIZDE KOK HUCRE

UYGULAMALARI

+ Insan embriyonik kék hiicre kullanimi yasaktir (2005)

+ Eriskin kok hiicre ve IPKH kullanimiicin ise Lokal Etik

Kurumdan ve Saglik Bakanligi’ndan (Doku, Organ ve
K6k Hicre nakli birimi) onay gereklidir.




Oner et al. Stermn Cell Research & Therapy (2016) 7:178
I N SR Y Stem Cell Research & Therapy

RESEARCH Open Access

Subretinal adipose tissue-derived @
mesenchymal stem cell implantation in

advanced stage retinitis pigmentosa:

a phase | clinical safety study

Ayse Oner'’, Z. Burcin Gonen™, Neslihan Sinim', Mustafa Cetin®™* and Yusuf Ozkul™

Etkili ancak komplikasyon orani yliksek




EURETIMNA 201&: Subretinal Adipose Tissue Dernived
Meszenchymal Stem Cell Implantation Shows Promize for
Refinitiz Pigmentosa
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Research Paper: Gerotarget (Focus on Aging)

Cell surgery and growth factors in dry age-related macular
degeneration: visual prognosis and morphological study

Paolo Giuseppe Limoli!, Celeste Limoli', Enzo Maria Vingolo?, Sergio Zaccaria
Scalinci® and Marcella Nebbioso*

1 -

J Vis Exp. 2018 Feb 12;(132). doi: 10.3791/56469.

Regenerative Therapy by Suprachoroidal Cell Autograft in Dry Age-related Macular Degeneration:
Preliminary In Vivo Report.

25 OLGUNUN 36 GOzU
KURU TiP YBMD
SUPRAKOROIDAL ADMKH

Table 3: Patient compliance analysis (PCA) shows that, at 6 months post surgery, 19 of 36 eyes (52.78%) recorded
better vision, 14 (38.89%) no change in functional situation, and 3 (8.33%) a worsening.

PCA Group A Group B Total
Number of eyes 14 22 36
Improved (%o) 5(35.71) 14 (63.64) 19 (52.78)
Unchanged (%) 7(50) 7(31.82) 14 (38.89)
Worse (%) 2(14.29) 1(4.55) 3(8.33)

Among the 19 eyes of patients who noted an improvement at 6 months post surgery, 5 (26.3%) belong to group A and 14
(73.7%) to group B.




FAZ Il CALISMAMIZ

# Cahisma icin kurumun etik kurulundan (No:2017/480)
ayrica T.C Saglik Bakanligi blinyesinde bulunan Organ
Doku ve Diyaliz Hizmetleri Daire Baskanhg’’ndan (No:
56733164/203) onay alinmistir.

# 20 olgu opere edildi. (YBMD, RP, Stargardt MD, optik
atrofi)

* Suprakoroidal olarak adipoz dokudan derive edilmis
allojenik mezenkimal KH kullanildi.




Volume 20, Number 6, 2018 Brief Communication
& Mary Ann Liebert, Inc.
DOI: 10.1089/cell 2018.0045

Suprachoroidal Adipose Tissue-Derived Mesenchymal Stem
Cell Implantation in Patients with Dry-Type Age-Related
Macular Degeneration and Stargardt’s Macular Dystrophy:
6-Month Follow-Up Results of a Phase 2 Study

Ayse Oner, Zeynep Burcin Gonen/”” Duygu Gilmez Sevim,”
Neslihan Smim Kahraman.* and Metin Unlu, MD®







SONUCLAR

# 20 olgunun 1yillik takipleri tamamlanmistir.

* Hicbir olguda sistemik komplikasyon olmadi.

* Hicbir olguda okuler komplikasyon olmamistir.

SUPRAKOROIDAL KOK HUCRE UYGULAMASI GUVENLI




SONUCLAR

Olgularin % 85’inde degisen dlizeylerde gorme keskinligi ve
gorme kalitesi artislari saptanmistir. %15’i stabil seyretmistir.

* Preop gormesi iyi olan olgularda gérme artisi da fazladir.

* GOrme artisi 1. ay kontrolinde baslamis, 6 ay ve 1 yil
kontroliinde daha da belirginlesmistir.

# Olgularin hepsinde mf ERG ve PGA testlerinde iyilesme
saptanmistir.

+ SUPRAKOROIDAL KOK HUCRE UYGULAMASI ETKILI
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FAZ 1 SONRASINDA

+ Once 23 Kisilik grup

* Daha sonra da 100 kisilik grup icin onay alinmistir.

Suprakoroidal umblikal kord kaynakli MKH
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> f“STANDART PROTOKOL?

Hangi KH’yi kullanmali? Ulkemizde MKH
Hangi dozda kullanmali? 2-4 milyon

* Hangi sekilde uygulamali: Subretinal, intravitreal,
suprakoroidal, intraven6z?

+ Etkisi ne kadar stirecek?

+ Ulkemizde ve pek cok tilkede uygulama icin etik onay, Saglik
Bakanligl onayi istenmektedir.




"It's a message of hope."
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