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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.

44

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



Results

Subject 1 exhibited marked pigmentation in the nasal region of
the patch, while the pigmentation was lighter on the remaining
areas (Figure 1* Al). At 12 months, a central depigmented area
appeared (Ficure 1 A2) and gradually enlarged over the next five
years (Figure 2° 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 A1l). 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 Al) 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 Al) 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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