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Introduction 
 

Consider an ongoing research project in London aimed at 
developing stem cell-based therapies to treat various forms of 
blindness, particularly age-related macular degeneration (AMD). 
Led by researchers from Moorfields Eye Hospital and University 
College London (UCL), the project focuses on utilising stem cells 
to replace damaged cells in the retina. A notable aspect of this 
initiative is the use of embryonic stem cells, which can 
differentiate into various cell types, including retinal cells. The 
goal is to transplant these specialised cells into the retina to 
restore vision for individuals suffering from AMD and other 
degenerative retinal diseases. 

The London project has made significant strides in 
preclinical studies and early-phase clinical trials, demonstrating 
the safety and potential efficacy of stem cell-based therapy for 
vision restoration. Researchers primarily utilise embryonic stem 
cells that differentiate into retinal pigment epithelium (RPE) and 
photoreceptor cells, both of which are essential for maintaining 
retinal function. 

Extensive preclinical studies using animal models are 
conducted to evaluate the safety and efficacy of stem cell 
therapies. Researchers assess factors such as cell survival, 
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integration into the host retina, improvements in visual function, 
and potential side effects. Clinical studies involving patients are 
also essential, alongside long-term follow-up and regular check-
ups after regenerative surgery. Researchers monitor changes in 
visual acuity, retinal structure, and quality of life to evaluate the 
treatment's effectiveness. 

Innovative surgical techniques are crucial for the success of 
stem cell-based therapies. These techniques aim to enhance the 
accuracy, safety, and efficacy of transplanting stem cell-derived 
retinal cells into patients. Researchers have refined a technique for 
implanting these retinal cells into the human retina, developing 
surgical procedures that ensure the precise placement of the cells 
and facilitate their integration into the existing retinal tissue. 

 
 
Materials and Methods 
 

In the London project, instead of injecting a cell suspension, 
transplants are performed. RPE cells are cultured in monolayers 
and transplanted as a patch, which helps maintain cell 
organisation and function. Biodegradable materials, such as 
polymers or hydrogels, are utilised to create scaffolds that support 
the cells during and after transplantation, enhancing their survival, 
integration, and functionality. In this patch technique, the cells are 
positioned centrally, aligning with the area affected by macular 
degeneration. This method enables precise distribution and 
placement of the cells, leading to improved survival rates and 
enhanced integration with the host retina. 

The development of specialised microsurgical instruments 
has increased the precision and control required for retinal 
surgeries. Patch delivery instruments, which facilitate the 
placement of the Patch into the damaged area of retinal tissue, 
were developed specifically for this study. *Microforceps and 
microscissors* These tools allow delicate manipulation of retinal 
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tissues and precise placement of cellular grafts. *Cannulas* Fine 
cannulas designed for retinal injection minimise trauma to the 
retina and surrounding structures. 

For accuracy, intraoperative optical coherence tomography 
(OCT) is employed to provide high-resolution images of the 
retina, assisting the surgeon in accurately positioning the cells. 
This innovative surgical technique marks a significant 
advancement in ophthalmology and holds promise for improving 
outcomes for patients with AMD and other retinal diseases. 
Ongoing research and development are crucial for transitioning 
these techniques from experimental stages to widespread clinical 
application. 

On 13 May 2024, a new article titled "The Fate of RPE 
Cells Following hESC-RPE Patch Transplantation in 
Haemorrhagic Wet AMD: Pigmentation, Extension of 
Pigmentation, Thickness of Transplant, Assessment for 
Proliferation, and Visual Function—A 5-Year Follow-Up" was 
published. This article focuses on the evaluation of RPE cell fate 
after transplantation of human embryonic stem cell-derived RPE 
patches in patients with haemorrhagic wet age-related macular 
degeneration (AMD) over a five-year follow-up period. 

The hESC-RPE patch was immobilised for transplantation 
as a polarised monolayer on a plasma-derived human vitronectin-
coated polyester membrane (Sterlitech, Kent, Washington, DC, 
USA). The final implant had a surface area of 17 mm2 and 
comprised approximately 100,000 RPE cells. 

Approval was granted from the UK Medicines and Health 
Products Regulatory Authority (MHRA), the Gene Therapy 
Advisory Committee (GTAC), the Moorfields Research 
Governance Committee and the London-West London & GTAC 
Research Ethics Committee. The study adhered to Good Clinical 
Practice guidelines as outlined in the European Clinical Trials 
Directive (Directive 2001/20/EC) and the Declaration of Helsinki, 
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and it included an independent External Data Monitoring 
Committee (E-DMC). Informed consent was obtained from each 
subject. 

Two subjects, a 60-year-old female and an 84-year-old 
male, both with severe, acute vision loss in the study eye, due to 
sub-macular haemorrhage and RPE tear from neovascular AMD, 
were operated on in a phase I study (ClinicalTrials.gov 
NCT01691261). In both cases, conventional anti-VEGF treatment 
had previously failed. Subject 1 had received one intravitreal 
injection of ranibizumab, and subject 2 two monthly ranibizumab 
injections, before the sub-macular haemorrhage and an RPE tear 
occurred. 

Standard 23-gauge pars plana vitrectomy was followed by 
induced macular detachment, clearance of sub-macular 
haemorrhage and insertion of the hESC-RPE-basement membrane 
(BM) implant into the subretinal space by a purpose-designed tool 
through a retinotomy. Silicone oil was used as a tamponade and 
was subsequently removed with a second surgery. Both patients 
were followed up on for at least 5 years under a long-term follow-
up trial protocol (ClinicalTrials.gov NCT03102138). 

Ocular oncology team reviews were conducted at 2 weeks, 
4 weeks, 8 weeks, 3 months, 4 months, 6 months, 9 months, and 
12 months post-operatively, with ocular ultrasounds performed at 
each visit. Liver ultrasounds were conducted at screening, 6 
months, and 12 months post-operatively. Regular blood tests to 
monitor liver function tests (LFTs) were also performed during 
the first year of the study. 

In the follow-up study, subjects were assessed at 18 months, 
24 months, 36 months, 48 months, and 60 months. During these 
visits, the clinical investigator assessed them for signs of 
neoplastic formation, and ocular ultrasounds were performed. If 
any concerns arose, subjects could be urgently referred to the 
ocular oncology team. 
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Results 
 

Subject 1 exhibited marked pigmentation in the nasal region of 
the patch, while the pigmentation was lighter on the remaining 
areas (Figure 14 A1). At 12 months, a central depigmented area 
appeared (Ficure 1 A2) and gradually enlarged over the next five 
years (Figure 25 A2-A4), while the temporal pigmentation 
remained intact. The marked pigmentation in the nasal section 
was attributed to the patch being positioned beneath the host RPE, 
resulting in a double layer of both host and hESC-RPE (Figure 1 
B1, B2). Over time, the host RPE regressed from the time of 
implantation through to year 5. 
 

 
(Figure 1 A1-A4.) 

 

Subject 2 had hypopigmented areas adjacent to the patch 
superiorly and inferiorly, as well as on the inferotemporal aspect 
of the patch, immediately after implantation (Figure 2 A1). These 
became less evident over the course of 5 years (Figure 2 A2-A4). 
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The inferotemporal hypopigmented area represented a persistent 
detachment of the hESC-RPE from the synthetic basement 
membrane, which is shown as a pigment epithelium detachment 
(PED) on the OCT (Figure 2 B1, B2). Hyperpigmentation also 
developed in the inferonasal portion during the first 12 months 
(Figure 2 A2) and gradually intensified over the following five 
years (Figure 2 A4). 

 

 
 

In both patients, there was expansion of pigmentation 
outside the patch margins. It developed in a centrifugal manner, 
growing into the adjacent depigmented area around the rim of the 
patches. These findings were initially discussed in the first year of 
the study. 

For subject 1, extension of the RPE progressed one month 
post-implantation (Figure 1 A1) to its maximum spread at 
approximately 12 months post-implantation (Figure 1 A2). There 
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was a regression of pigment extension at year 5 for subject 1 
(Figure 1 A4). For subject 2, extension of RPE was visible 1 
month post-implantation (Figure 2 A1) and progressed to its 
maximum extension at approximately 12 months post-
implantation (Figure 2 A2). Subject 2 had persistent preservation 
of RPE extension of the patch from 1 year onwards until the end 
of the study at year 5 (Figure 2 A4). 

The outward extension of RPE pigmentation in both cases 
was documented by optical coherence tomography (OCT) scans 
through the graft’s edges, showing a continuous outer retina, 
hyper-reflective line, consistent with the hESC-RPE extending 
from the grafted area and exteriorly to the patch (Figure 1 C1, C2 
and Figure 2 C1, C2). 

 
 

Fixation and Microperimetry 
 

 
 

At baseline, fixation with a 2-degree red cross target could not be 
assessed for subjects 1 or 2 (A, B). Both subjects maintained 
stable fixation over the patch during the first year (A, B at 12 
months), with the small 2-degree fixation target remaining 
entirely within the patch borders. Subsequently, subject 1 lost 
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fixation over the patch by 24 months (A) and continued to do so 
until the last recorded period at 36 months (A). In contrast, 
subject 2 maintained fixation with the target completely within 
the patch margins and centred over the patch until the last record 
at 48 months. 

Both subjects had zero sensitivity recorded over the location 
of the submacular haemorrhage at baseline, with an improvement 
in retinal sensitivity at 1 year (A, B at 12 months). Subject 1 (A at 
12 months) reached normal retinal sensitivity in the temporal half 
of the patch (18-20 dB) at 1 year, this deteriorated at 2 years (A at 
24 months), with a smaller area over the temporal half of the 
patch having reduced retinal sensitivity over the temporal half of 
the patch at 3 years (8-14 dB) (at 36 months). For subject 2, there 
were minimal improvements in retinal sensitivity following patch 
insertion; however, areas of positive retinal sensitivity over the 
patch persisted until the last recorded time point at 48 months (B). 

 
 
Conclusions 
 

For hESC-RPE patch transplantation to be a viable therapeutic 
strategy for macular diseases, it must be safe, show long-term 
survival, and provide sustained visual improvement and 
stabilisation. This research presents findings from a five-year 
study, revealing no evidence of uncontrolled RPE proliferation or 
migration. Instead, there was only local, contiguous pigment 
extension that halted at 12 months. Additionally, the preserved 
thickness of hESC-RPE and the basement membrane (BM) was 
noted. The study also demonstrates that the pigment covers bare 
areas of the host basement membrane, potentially representing 
donor RPE, a phenomenon observed in previous studies. 
Sustained improvements in visual acuity were seen for two years 
in the first patient and five years in the second patient. Although 
more cases need to be evaluated to draw firmer conclusions, these 
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initial findings provide valuable insights for future research in this 
area. 

The project continues to advance through various phases of 
clinical trials. The focus remains on refining the treatment to 
ensure its safety and efficacy, with the potential to expand its 
application to other forms of macular degeneration and retinal 
diseases. The research involves continuous collaboration among 
scientists, clinicians, and industry partners to overcome any 
challenges and make the treatment widely available. Ongoing 
efforts include optimising the surgical techniques, improving the 
survival and integration of the transplanted cells, and monitoring 
long-term outcomes in patients. 

In conclusion, research suggests that regenerative 
treatments involving stem cells represent one of the greatest 
medical challenges in the 21st century. 
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makularuli degeneraciis regeneraciuli 

mkurnaloba Rerovani ujredebiT 
 

(anotacia) 

 
sakvanZo sityvebi: regeneraciuli mkurnaloba, Rerovani 

ujredebi, makularuli degeneracia, 
asakTan dakavSirebuli makularuli 
degeneracia, embrionis Rerovani ujredebi, 
baduris pigmenturi epiTeliumi, paCis 
(ujreduli furceli) teqnika, mxedvelobis 
aRdgena, optikuri koherenuli tomografia 

 
 
Rerovani ujredebis gamoyeneba Tvalis 

mravalferovani degeneraciuli daavadebebis 

samkurnalod sul ufro mniSvnelovani xdeba 

Rerovani ukredebisa da maTi funqciuri ujredebis 

regeneraciuli Tvisebebis gamo. amJamad, 

ofTalmopaTiis Rerovani ujredebiT Terapia 

moicavs sxvadasxva tipis ujredebs, rogoricaa 

embrionis Rerovani ujredebi (ESCs), inducirebuli 

pluripotenturi Rerovani ujredebi (iPSCs), 
mezenqimuli Rerovani ujredebi (MSCs) da baduris 
progenitoruli ujredebi (RPCs). TviTon Rerovani 

ujredebi unikaluri ujredebia, romlebsac aqvT 

unari gadaizardon sxeulis sxvadasxva tipis 

ujredebad adreuli cxovrebisa da zrdis periodSi. 

maT SeuZliaT gayofa da ganaxleba didi xnis 



 

BRAMS 2024 Nov                                      ISSN 2667-9299 (print) 
Volume 5, Issue 11                                  ISSN 2960-9348 (online) 

51 

ganmavlobaSi da, sxva ujredebisgan gansxvavebiT, 

SeuZliaT gaxdnen sxvadasxva tipis ujredebi 

Sesabamisi funqciebiT. 

mocemul kvlevaSi gamoiyeneba embrionis 

Rerovani ujredebi (ESC), romlebic miRebulia 

adreuli stadiis embrionebidan. maT aqvT baduris 

ujredebad diferencirebis potenciali, rogoricaa 

baduris pigmenturi epiTeliumi (RPE) ujredebi da 

fotoreceptoruli ujredebi. rogorc wesi, 

kvlevaSi gamoyenebuli Rerovani ujredebi miiReba 

in vitro ganayofierebis procedurebis dros 

warmoqmnili Warbi embrionebidan, donorebis 

informirebuli TanxmobiT. 

ganvixiloT londonis mimdinare kvleviTi 

proeqti, romelic miznad isaxavs Rerovan 

ujredebze dafuZnebuli Terapiis SemuSavebiT, 

sibrmavis sxvadasxva formis, gansakuTrebiT, asakTan 

dakavSirebuli makularuli degeneraciis (AMD) 
gankurnebas. proeqti, romelsac xelmZRvaneloben 

murfildis Tvalis hospitalisa da londonis 

sauniversiteto kolejis (UCL) mkvlevrebi, 

fokusirebulia Rerovani ujredebis gamoyenebaze 

baduris dazianebuli ujredebis Casanacvleblad. 

londonis proeqtma mniSvnelovan progress 

miaRwia preklinikur kvlevebsa da adreuli fazis 

klinikur kvlevebSi, rac aCvenebs Rerovan 

ujredebze dafuZnebuli Terapiis usafrTxoebasa da 

potenciur efeqturobas mxedvelobis aRdgenisTvis. 

mkvlevrebi, ZiriTadad, iyeneben embrionis Rerovan 

ujredebs, romlebic diferencirdebian baduris 
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pigmenturi epiTeliumis (RPE) ujredebad da 

fotoreceptorul ujredebad, romlebic 

gadamwyvetia baduris funqciis SesanarCuneblad. 

vrceli preklinikuri kvlevebi tardeba 

cxovelur modelebze Rerovan ujredebze 

dafuZnebuli Terapiis usafrTxoebisa da 

efeqturobis Sesafaseblad. mkvlevrebi afaseben 

iseT faqtorebs, rogoricaa ujredebis gadarCena, 

maspinZel baduraze integracia, mxedvelobis 

funqciuri gaumjobeseba da potenciuri gverdiTi 

movlenebi. aucilebelia klinikuri kvlevebis 

Catareba kvlevaSi monawile pacientebTan. aseve, 

regeneraciuli operaciis Semdeg xangrZlivi 

dakvirveba da perioduli Semowmeba. mkvlevrebi 

akvirdebian mxedvelobis simaxviles, baduris 

struqturisa da cxovrebis xarisxis cvlilebebs, 

raTa Seafason mkurnalobis efeqturoba. 

inovaciuri qirurgiuli teqnika mniSvnelovania 

Rerovan ujredebze dafuZnebuli Terapiis 

warmatebisTvis. es teqnika miznad isaxavs 

pacientebSi Rerovani ujredebidan miRebuli 

baduris ujredebis gadanergvis sizustis, 

usafrTxoebisa da efeqturobis gaumjobesebas. 

londonis proeqtSi, ujredebis suspenziis 

ineqciis nacvlad, xdeba e.w. paCis (ujreduli 

furclis) gadanergva. RPE ujredebi 

kultivirebulia monofenebSi da gadanergilia paCis 

saxiT. es midgoma xels uwyobs ujredis organizebas 

da funqciis SenarCunebas. biodegradirebadi 

masalebi, rogoricaa polimerebi an hidrogeli, 
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gamoiyeneba xaraCoebis Sesaqmnelad, romlebic 

amagreben ujredebs transplantaciis dros da mis 

Semdeg. am xaraCoebs SeuZliaT gaaZlieron 

ujredebis gadarCena, integracia da funqcionireba. 

paCSi ujredebi ufro centrSia ganlagebuli, 

radgan makularuli degeneraciac centridan iwyeba 

da am meTodiT advilia ujredebis sworad 

ganawileba da ganTavseba. es teqnika aumjobesebs 

ujredebis gadarCenis maCvenebels da xels uwyobs 

maspinZlis badurasTan ukeT integracias. 

specializebuli mikroqirurgiuli 

instrumentebis SemuSavebam gazarda baduris 

operaciebisTvis saWiro sizuste da kontroli. paCis 

gadamtani instrumentebi, romlebic xels uwyoben 

ujreduli furclis moTavsebas baduris qsovilis 

dazianebul ubanSi, specialurad am kvlevisTvisaa 

SemuSavebuli. 

sizustisTvis, intraoperaciulad gamoiyeneba 

OCT optikuri koherentuli tomografia, romelic 

uzrunvelyofs baduris maRali garCevadobis 

suraTebs da exmareba qirurgs ujredebis zustad 

ganlagebaSi. es inovaciuri qirurgiuli teqnika 

warmoadgens mniSvnelovan winsvlas ofTalmologiis 

sferoSi da hpirdeba Sedegebis gaumjobesebas AMD 
da baduris sxva daavadebebis mqone pacientebSi. 

uwyveti kvleva da ganviTareba gadamwyvetia am 

teqnikis eqsperimentuli etapidan farTo klinikur 

gamoyenebamde gadasayvanad. 

2024 wlis 13 maiss gamoqveynda axali statia, 

sadac aRwerilia 5 wlis Semdgomi dakvirveba im 
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pacientebze, visac Cautarda Rerovani ujredebidan 

miRebuli baduris ujredebis transplantacia 

dazianebul TvalSi. or pacients, romlebmac 

gaiares procedura (60 wlis qali da 84 wlis 

mamakaci), aReniSnebodaT mdgomareobis mZime forma 

(sveli asakTan dakavSirebuli makularuli 

degeneracia) da mxedvelobis mkveTri daqveiTeba. 

am axal kvlevaSi warmodgenilia 5-wliani 

kvlevis Sedegebi, romlebic ar aCvenebs RPE-is 
ukontrolo gamravlebis an migraciis 

mtkicebulebebs, mxolod lokalur, momijnave 

pigmentis gafarToebas, romelic Cerdeba 12 TveSi da 

SenarCunebulia normaluri hESC-RPE da BM sisqe. 

es kvleva aseve aCvenebs, rom pigmenti faravs 

maspinZlis Ria bazalur membranas, romelic 

SeiZleba warmoadgendes donoris RPE-s, rac 

naCvenebia wina kvlevebSi. mxedvelobis simaxvilis 

mdgradi gaumjobeseba agreTve naCvenebia 2 wlis 

ganmavlobaSi pirveli pacientisTvis da 5 wlis 

ganmavlobaSi meore pacientisTvis. ufro 

detalurad, orive pacientSi aRiniSna pigmentaciis 

gafarToeba paCis sazRvris gareT. igi ganviTarda 

centridan, izrdeboda periferiulad mimdebare 

depigmentur zonaSi laqebis rgolSi. es daskvnebi 

Tavdapirvelad ganixileboda kvlevis pirveli wlis 

ganmavlobaSi. RPE pigmentaciis gare gafarToeba 

orive SemTxvevaSi dafiqsirda optikuri 

koherentuli tomografiis (OCT) saSualebiT. 

orive subieqtma SeinarCuna stabiluri 

fiqracia paCze pirveli wlis ganmavlobaSi (12 
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Tveze) mcire, 2-gradusiani fiqsaciis samizne 

rCeboda mTlianad paCis sazRvrebSi. 

proeqti agrZelebs winsvlas klinikuri 

kvlevebis sxvadasxva fazaSi. aRsaniSnavia isic, rom 

ufro meti SemTxvevis Sefasebaa saWiro, vidre ufro 

mtkice daskvnebis gamotana iqneba SesaZlebeli; 

Tumca, es adreuli SemTxvevebi iZleva mniSvnelovan 

saswavlo aqcentebs am sferoSi momavali 

muSaobisTvis. yuradReba gamaxvilebulia 

mkurnalobis daxvewaze, usafrTxoebisa da 

efeqturobis uzrunvelyofaze, aseve, gamoyenebis 

potenciur gafarToebaze makularuli degeneraciisa 

da baduris sxva daavadebebis dros. kvleva moicavs 

uwyvet TanamSromlobas mecnierebs, klinikebsa da 

industriis partniorebs Soris, raTa gadalaxon 

nebismieri gamowveva da gaxadon mkurnaloba 

farTod xelmisawvdomi. mimdinare Zalisxmeva 

moicavs qirurgiuli teqnikis optimizacias, 

gadanergili ujredebis gadarCenisa da integraciis 

gaumjobesebas pacientebSi grZelvadiani Sedegebis 

misaRwevad. 

sabolood, kvlevebze dayrdnobiT SeiZleba 

iTqvas, rom samedicino sferoSi Rerovani 

ujredebiT regeneraciuli mkurnaloba namdvilad 

aris XXI saukunis erT-erTi udidesi gamowveva. 

 


