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Background and Objectives: This study shows the clinical data of 1-year follow-up of 8 patients with degenerative 
macular diseases who received suprachoroidal adipose tissue derived mesenchymal stem cell (ADMSC) implantation.
Methods and Results: This prospective, single-center, phase 1/2 study enrolled 8 eyes of 8 patients with degenerative 
macular diseases of various reasons who underwent suprachoroidal implantation of ADMSCs. All patients had severe 
visual field defects and severe visual loss. All patients had defective multifocal electroretinography (mf ERG). The 
worse eye of the patient was selected for the operation. Patients were evaluated on the first day, first month, sixth 
month and at 1 year postoperatively. Best corrected visual acuity (BCVA), anterior segment and fundus examination, 
color photography, optical coherence tomography (OCT) and visual field (VF) examination were carried out at each 
visit. Fundus fluorescein angiography (FFA) and mfERG recordings were performed at the end of the sixth months. 
All 8 patients completed the 1 year follow-up. None of them had any systemic or ocular complications. Seven of the 
patients experienced visual acuity improvement, visual field improvement and improvement in the mfERG recordings. 
We found choroidal thickening in OCT of the four treated eyes.
Conclusions: Even though the sample size is small, stem cell treatment with suprachoroidal implantation of ADMSCs 
seems to be safe and the improvements were encouraging. To optimize the cell delivery technique and to evaluate 
the effects of this therapy on visual acuity and the quality of life of these patients, future studies with larger number 
of cases will be necessary.
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Introduction 

  Non-retinal-derived stem cells including embryonic 
stem cells (ESCs), induced pluripotent stem cells (IPSCs) 
and mesenchymal stem cells (MSCs) are currently being 
investigated extensively for the treatment of degenerative 
retinal diseases. Developmentally mature organs, such as 
bone marrow, adipose tissue, umblical cord and dental 
pulp are the most commonly used sources of MSCs. These 
stem cells show anti-apoptotic, anti-inflammatory, im-
munomodulatory and angiogenic effects through secretion 
of various cytokines, growth factors and proteins. MSCs 
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also provide trophic support for the neuroprotection and 
regeneration of damaged retinal cells either directly 
through the secretion of neurotrophic factors (NTFs) or 
indirectly with the paracrine support (1-3).
  Compared to bone marrow derived MSCs (BMMSCs), 
adipose tissue derived MSCs (ADMSCs) have the advan-
tages of easier harvest from donors, faster expansion, more 
protein secretion and higher immunomodulatory capacity. 
Besides, ADMSCs express NTFs and vascular endothelial 
growth factor (VEGF) higher than BMMSCs.These data 
suggest that ADMSC may have therapeutic potential for 
neurodegenerative conditions through NTF production (4-6).
  Dry type age-related macular degeneration (AMD), 
Stargardt’s macular dystrophy (SMD) are common en-
countered degenerative macular diseases causing vision 
loss. Dry type AMD is one of the leading causes of vision 
loss in the elderly population in developed countries. Its 
main symptom is progressive and irreversible loss of cen-
tral vision (7). SMD is the most common inherited mac-
ular dystrophy in both adults and children with a preva-
lence of 1 in 8,000∼10,000. It mainly affects young peo-
ple, often starting in late teens or early 20s. Patients pres-
ent with bilateral central visual loss, including dyschroma-
topsia and central scotomata, with characteristic macular 
atrophy and yellow-white flecks at the level of the retina 
pigment epithelium (RPE), at the posterior pole (8). 
  Although there is no curative treatment for these dis-
eases up to date, new approaches including restoring de-
fective genes and stem cell transplantation to replace de-
fective or dead cells have been under investigation (1-3). 
Finding an effective and safe treatment would help the pa-
tients’ mental health and quality of life (QOL) affected 
by visual deterioration and may reduce the economic bur-
den on the patients and society. 
  So the researchers mostly focus on these diseases which 
haven’t got any curative treatment modality in order to 
evaluate the efficacy of stem cell therapy. There are cur-
rently many ongoing clinical trials which aim to test the 
safety and efficacy of stem cell transplantation in the eye.
  Here we aim to report the medium term -1 year- results 
of patients with advanced stage retinal diseases who re-
ceived suprachoroidal ADMSC implantation to discuss 
the safety and tolerability of the procedure. 

Materials and Methods

  This single-center, prospective, phase 1/2 clinical safety 
study enrolled 8 patients with irreversible vision loss from 
AMD and SMD seen in the Retina and Vitreous Section 
of the Department of Ophthalmology at our University. 

The study was performed in accordance with the Declara-
tion of Helsinki and was approved by the Institutional 
Review Board (Review number for approval: 2014/390). It 
was also approved by the Review Board of Stem Cell 
Applications within the Ministry of Health in accordance 
with the regulations in our country (Review number for 
approval: 56733164/203). All patients were instructed about 
the objectives and methodology of the study and gave their 
written informed consent to participate.

Patient eligibility 
  There are limited data about clinical applications of 
MSCs and the safety of this therapy still needs to be 
clarified. Therefore, the study included patients with se-
vere visual loss who are considered as legally blind. 
  Patients were included if they had: 1) A diagnosis of 
degenerative retinal disease classified clinically as dry 
AMD and SMD 2) Snellen best corrected visual acuity 
(BCVA) worse than 20/200 3) Visual field defects 4) 
Decreased multifocal electroretinography (mf ERG) re-
cordings 5) Age older than 18 years. 
  Exclusion criteria were: 1) Previous ocular surgery other 
than cataract extraction 2) Presence of cataract or other 
media opacity that would prohibit high-quality ocular 
imaging or that would affect mfERG or visual field evalu-
ation 3) Presence of other ophthalmic disease, such as 
glaucoma, uveitis, strabismus or nistagmus 4) Any other 
systemic diasease such as neurological disease that would 
affect the results. If both eyes were eligible for treatment, 
the eye with worse visual acuity was included in the study.
  The demographic data of the patients were collected 
and ophthalmic evaluations and surgical procedures were 
performed by a single retina specialist (A.O). Fundus pho-
tography, fundus fluorescein angiography (FFA), optical 
coherence tomography (OCT), perimetry and mfERG re-
cordings were performed by the same experienced oph-
thalmic technician. 
  All patients had a complete ophthalmic examination be-
fore surgery. BCVA was measured with Snellen chart and 
converted to logMar. All patients underwent fundus pho-
tography and FFA using the Zeiss FF 450 (Carl Zeiss 
Meditec AG, Germany). OCT was performed using the 
Heidelberg OCT Device (Heidelberg Engineering, Heidelberg, 
Germany) with a standardized scanning protocol. Visual 
field examination was performed by Octopus Goldmann 
Perimetry (Octopus 900, Haag Streit International, 
Switzerland). mfERG (Monpack 3, Metrovision, France) 
readings were recorded from each eye according to the 
International Society for Clinical Electrophysiology of 
Vision (ISCEV) guidelines (9).
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Isolation and culture of ADMSCs
  For eliminating the donor based differences ADMSCs 
were obtained from the adipose tissue of a single donor 
for all patients in this study. Subcutaneous adipose tissue 
was carried to the laboratory in a transfer solution 
Dulbecco’s Modified Eagle Medium (DMEM) with 1 g/l 
D-Glucose (Low Glucose) (Biological Industries, Kibbutz 
Beit Haemek, Israel) containing 2% penicillin-strepto-
mycin solution (10,000 units/ml Penicillin G Sodium Salt, 
10 mg/ml Streptomycin Sulfate) (Biological Industries, 
Kibbutz Beit Haemek, Israel). Adipose tissue was washed 
in PBS (Biological Industries, Kibbutz Beit Haemek, 
Israel) three times and cut into small pieces and they were 
digested with 2,5 mg/ml collagenase type II (Sigma–Aldrich, 
Taufkirchen, Germany) for 30 minutes at 37℃ to generate 
single-cell suspension. The digested tissues were filtered 
through a 70 μm cell strainer and centrifuged at 350 g 
for 5 minutes to obtain a pellet. The pellet was resuspen-
ded in DMEM based media containing 10% human se-
rum, 1% Pen.-Step solution, and 1% stable glutamine 
(Biological Industries, Kibbutz Beit Haemek, Israel) and 
cultured at 37℃ and 5% CO2 incubator. After 3∼4 days 
of maintenance, the culture medium was removed to elim-
inate the non-attached cell fraction. The medium was re-
placed twice a week. The culture medium was changed af-
ter reaching 80∼85% of confluence, and the cells were de-
tached with 0.25% Trypsin EDTA Solution C (0.05%), 
EDTA (0.02%) (Biological Industries, Kibbutz Beit Haemek, 
Israel) collected, centrifuged at 350 g for 5 minutes and 
expanded to the required duplication. ADMSCs were then 
harvested and cryopreserved until use. Before the ap-
pointed surgery date, sufficient cryopreserved vials were 
thawed to provide the required dose for administration. 
The frozen ADMSCs were thawed and cultured in the 
same condition. ADMSCs were recovered, washed with 
PBS, and trypsin/EDTA and then resuspended in saline 
solution and third passage ADMSCs were transferred to 
the surgery room with the temperature controlled bag in 
one hour within 5 ml vials. Total injection volume was 
2.47×106±0,11 /150 μl per patient for this study. The 
procedure for ADMSCs preparation was performed under 
good manufacturing practices (GMP) conditions in Genome 
and Stem Cell Center of our University. All of the dona-
tion, manufacturing and testing procedures were carried 
out according to GMP protocols authorized by the Ministry 
of Health of our country. For release testing, ADMSCs 
were assessed for cell appearance, viability, identification, 
purity, content, and potency. In addition, ADMSCs were 
screened for contamination. Average cell viability for each 
treatment was over 90.0% and each patient received cell 

numbers between 2-3×106. Quality control analyses like 
mycoplasma analysis, endotoxin analysis were also comple-
ted.
  For determining the potency; the suppresion effect of 
MSCs on lymphocytes was studied. Peripheral blood sam-
ple was taken from healthy donor and peripheral blood 
mononuclear cells were collected by density gradient cen-
trifugation using Lymphocyte Separation Medium (LSM) 
(Biological Industries, BI, #01-899-U04). Then PBMCs 
were incubated at 37℃ in DMEM culture medium con-
taining 10% human serum, 1% L-Glutamine and 1% pen-
icillin/streptomycin. PBMCs were stimulated with 1% of 
Phytohemagglutinin (PHA-P, Sigma, #L1668) and the ef-
fect of MSCs on lymphocyte proliferation was studied. 
5×104 MSCs cultured with 5×105 PBMCs and after 48 
hour cultivation, 0.5 mg/ml MTT was added. The entire 
medium was aspirated and 100 μl DMSO was added to 
dissolve formazan crystals after 3 hours. Dissolved for-
mazan crystals were read spectrophotometrically at 570 
nm. The percentage inhibition of lymphocytes pro-
liferation was determined.

Flow cytometry analyses 
  ADMSCs were subjected to flow cytometry analyses for 
confirming that ADMSCs maintain their phenotypic char-
acteristics in vitro. After the third passage, cells were har-
vested, centrifuged and resuspended in PBS at a mini-
mum concentration of 1×106 cells/ml. Immunophenotyping 
characterization of ADMSCs was performed with anti-
bodies against the following a combination of human anti-
gens: CD11b, CD19, CD34, CD44, CD45, CD73, CD90, 
CD105 (BD Stem Flow hMSC kit, BD Cat. No: 562245). 
Flow cytometry analyses were performed by using Navios 
(Beckman Coulter, USA) before application for all pa-
tients in this study. The data were analyzed with KALUZA 
software (Beckman Coulter, USA). 
  Surgical technique: Surgeries were all carried out with 
local anesthesia. We performed a surgical technique de-
fined as Limoli Retinal Restoration Technique (LRRT) 
which is described by Limoli et al (10). Each eye received 
a cell graft of ADMSCs between choroid and sclera. 
  The isolation and culture of ADMSCs and their flow 
cytometry analyses were performed as previously men-
tioned by our study group (11). For platelet rich plasma 
(PRP) preparation, 8 ml of human peripheral blood was 
collected in a Regen-BCT tube (RegenKit; RegenLab, Le 
Mont-sur-Lausanne, CH). The collected blood was centri-
fuged for 10’ at 1500 G. 
  The details of the surgery are as follows: The globe was 
deviated to the supero-nasal quadrant and conjunctiva was 
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Table 1. Demographic details, clinical characteristics, visual acuity and visual field results of the treated eyes with stem cells and the 
untreated fellow eyes at baseline and at 1 year follow-up

Subject No. Age/sex/disease Disease/study eye
BCVA baseline

(logMAR)
BCVA 1 year

(logMAR)
MD (dB)
(Baseline)

MD (dB)
(1 year)

1 19/F/SMD OD (Fellow eye) ＋0.60 ＋0.70 15.5 23.7
OS (Study eye) ＋1.3 ＋1.0 23.1 21.7

2 24/M/SMD OD (Study eye) ＋1.3 ＋1.3 12.0 9.6
OS (Fellow eye) ＋1.3 ＋1.6 13.3 14.7

3 20/M/SMD OD (Study eye) ＋2.0 ＋1.5 28.1 28.6
OS (Fellow eye) ＋1.6 ＋2.0 27.7 28.5

4 31/F/SMD OD (Fellow eye) ＋1.5 ＋1.6 18.9 21.9
OS (Study eye) ＋1.5 ＋1.0 21.6 19.1

5 75/M/AMD OD (Fellow eye) ＋1.0 ＋1.3 6.5 10.6
OS (Study eye) ＋1.8 ＋1.3 9.6 9.7

6 70/F/AMD OD (Fellow eye) ＋0.0 ＋0.0 25.7 26.1
OS (Study eye) ＋2.0 ＋1.3 24.5 20.2

7 60/M/AMD OD (Study eye) ＋1.8 ＋1.3 6.4 6.2
OS (Fellow eye) ＋0.40 ＋0.60 4.5 4.8

8 59/M/AMD OD (Study eye) ＋2.0 ＋1.3 18.5 17.9
OS (Fellow eye) ＋0.70 ＋1.0 7.3 8.6

AMD: Age related macular degeneration, BCVA: Best corrected visual acuity, logMAR: Logarithm of the minimum angle of resolution 
units OD: Oculus dexter, OS: Oculus sinister, SMD: Stargardts’ macular dystrophy, MD: Mean deviation dB: Decibel. 
The numbers written in italics belong to the patients who experienced decrease during the follow-up period.

dissected at the infero-temporal quadrant at 8 mm from 
the limbus. A deep scleral flap of about 5×5 mm was 
opened by radial hinge at the infero-temporal quadrant. 
The sclerectomy was deep enough to allow viewing of the 
color of the choroid. A flap from the orbital fat was ex-
tracted from a gap above the inferior oblique muscle. This 
tissue was laid on the scleral bed and sutured with 6/0 
vicryl at the proximal edge. The scleral flap was then su-
tured above the fat pedicle. The remaining space between 
the autologous fat graft, choroid, and scleral flaps was fil-
led with 1 cc of 2×106 ADMSCs and 1 cc of PRP using 
a 25-gauge cannula. The conjunctiva was sutured with 8/0 
vicryl.
  Postoperative follow-up: Patients were hospitalized 
for one day after the surgery and received topical anti-
biotic and steroid drops four times daily during the first 
month. Immunosupressive agents were not administered 
considering that MSCs have an immunosuppressive func-
tion theirselves. Ophthalmic evaluations including BCVA, 
anterior and posterior segment examination, and OCT 
were performed at day 1, at week 4, at month 3 and 6, 
and then 1 year after the surgery. Color fundus photo-
graphs, VF examination, FFA and mfERG recordings 
were also obtained before surgery and at month 1, 3, 6 
and year 1 during the follow-up period. 

Results

  Morphology and phenotype of culture expanded 
hADMSC were presented in our previous report (11). 
Table 1 shows the demographic and clinical features of 
the 8 study patients who enrolled in this study. The age 
of the subjects ranged between 19 and 75 years. All sub-
jects had advanced visual field loss in both eyes from de-
generative macular diseases.

Follow-up BCVA and eye examination 
  All 8 patients completed one-year follow-up and none 
of them had systemic complications. There were no signs 
of intraocular inflammation in the study eyes on serial eye 
examinations. None of the patients had serious ocular 
complications due to the stem cell treatment. Seven of the 
8 patients experienced visual acuity improvement and 1 
patient remained stable during the first year. However 
when we evaluate the fellow eyes of the patients, we found 
that 7 of the 8 patients showed VA decrease during the 
follow-up and 1 patient remained stable (Table 1). 

Perimetry
  Seven subjects were noted to have improvement in visu-
al field of the study eyes on Goldmann perimetry at 1-year 
follow-up examination. The remaining 1 study eye re-
mained stable and all of the fellow eyes showed worsening 
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Fig. 1. Perimetry results of an AMD subject before treatment (A) and one year after treatment (B). Note that central visual field defect 
decreased during the first year period. Perimetry results of the fellow eye of the same subject during the study period (C, D). Note the 
worsening of the central visual field defect.

Fig. 2. Perimetry results of an SMD subject before treatment (A) and one year after treatment (B). Note that central visual field defect 
decreased during the first year period. Perimetry results of the fellow eye of the same subject during the study period (C, D). Note the 
worsening of the central visual field defect.

regarding to the perimetry (Table 1, Fig. 1 and 2). Electroretinography
  All of the subjects had mf ERG recordings at baseline 
and at 12 months follow-up. There was an improvement 



6  International Journal of Stem Cells Published online October 31, 2020

Table 2. Amplitudes of mfERGtests of the patients before and 1-year after treatment mfERG= multifocal electroretinography

mfERG parameters amplitude P1
(Nv/deg²)

Baseline study eye 1 Year study eye Baseline fellow eye 1 Year fellow eye

Subject 1
  Ring 1 (＜2°) 365.0 465.0 381.0 379.0
  Ring 2 (2∼5°) 247.0 277.0 282.0 242.0
  Ring 3 (5∼10°) 266.0 292.0 271.0 275.0
  Ring 4 (10∼15°) 235.0 265.0 280.0 212.0
Subject 2
  Ring 1 (＜2°) 326.0 382.0 330.0 306.0
  Ring 2 (2∼5°) 248.0 267.0 232.0 220.0
  Ring 3 (5∼10°) 101.0 309.0 123.0 122.0
  Ring 4 (10∼15°) 106.0 282.0 102.0 118.0
Subject 3
  Ring 1 (＜2°) 147.0 257.0 236.0 159.0
  Ring 2 (2∼5°) 156.0 287.0 259.0 231.0
  Ring 3 (5∼10°) 167.0 221.0 197.0 114.0
  Ring 4 (10∼15°) 163.0 250.0 159.0 160.0
Subject 4
  Ring 1 (＜2°) 364.0 387.0 389.0 184.0
  Ring 2 (2∼5°) 357.0 404.0 336.0 329.0
  Ring 3 (5∼10°) 398.0 502.0 517.0 521.0
  Ring 4 (10∼15°) 551.0 607.0 555.0 662.0
Subject 5
  Ring 1 (＜2°) 344.0 377.0 367.0 281.0
  Ring 2 (2∼5°) 367.0 414.0 352.0 341.0
  Ring 3 (5∼10°) 498.0 522.0 489.0 481.0
  Ring 4 (10∼15°) 592.0 618.0 594.0 582.0
Subject 6
  Ring 1 (＜2°) 118.0 236.0 595.0 590.0
  Ring 2 (2∼5°) 183.0 253.0 201.0 209.0
  Ring 3 (5∼10°) 186.0 308.0 231.0 214.0
  Ring 4 (10∼15°) 458.0 468.0 262.0 290.0
Subject 7
  Ring 1 (＜2°) 903.0 912.0 827.0 567.0
  Ring 2 (2∼5°) 765.0 893.0 679.0 466.0
  Ring 3 (5∼10°) 826.0 994.0 963.0 821.0
  Ring 4 (10∼15°) 1132.0 1136.0 1125.0 958.0
Subject 8
  Ring 1 (＜2°) 304.0 430.0 1105.0 1008.0
  Ring 2 (2∼5°) 512.0 607.0 780.0 705.0
  Ring 3 (5∼10°) 821.0 870.0 1063.0 952.0
  Ring 4 (10∼15°) 1121.0 1231.0 1184.0 1071.0

in the mf ERG amplitudes of the treated eyes at the end 
of the first year in all of the patients despite the worsening 
of the fellow eyes (Table 2, Fig. 3 and 4). The majority 
of implicit times of both eyes remained nearly the same 
after the treatment (Table 3). 

Fluorescein angiography
  All patients who underwent ADMSCs implantation re-

vealed no signs of fluid collection, edema, persistent leak-
age on FFA.

OCT findings
  We found no morphological changes in OCT scans of 
the both eyes of the patients. Central macular thickness 
(CMT) measurements of the all treated eyes remained al-
most the same. CCT showed thickening in the half of the 
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Fig. 3. mfERG recording of the same AMD subject before treatment (A) and one year after treatment (B). Note the improvements in mfERG 
recordings especially in the central rings shown with the color maps and 3D visualization maps. mfERG recordings of the fellow eye 
showed worsening in the central areas (C, D).

Fig. 4. mfERG recording of the same SMD subject before treatment (A) and one year after treatment (B). Note the improvements in mfERG 
recordings especially in the central rings shown with the color maps and 3D visualization maps. mfERG recordings of the fellow eye 
showed worsening in the central areas (C, D).
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Table 3. Implicit times of mfERG tests of the patients before and 1-year after treatment mfERG= multifocal electroretinography

mfERG parameters implicit time P1 (ms) Baseline study eye 1 Year study eye Baseline fellow eye 1 Year fellow eye

Subject 1
  Ring 1 (＜2°) 53.5 51.5 53.2 52.7
  Ring 2 (2∼5°) 54.2 52.1 53.6 52.9
  Ring 3 (5∼10°) 51.6 53.5 56.4 56.3
  Ring 4 (10∼15°) 55.0 55.3 56.3 58.0
Subject 2
  Ring 1 (＜2°) 50.5 49.3 44.4 45.1
  Ring 2 (2∼5°) 55.7 48.2 49.4 56.2
  Ring 3 (5∼10°) 58.3 51.7 54.6 58.0
  Ring 4 (10∼15°) 59.9 59.6 51.6 57.0
Subject 3
  Ring 1 (＜2°) 47.7 44.1 47.8 45.6
  Ring 2 (2∼5°) 46.8 48.8 51.6 47.6
  Ring 3 (5∼10°) 47.4 51.2 48.8 53.6
  Ring 4 (10∼15°) 56.1 49.1 56.6 49.5
Subject 4
  Ring 1 (＜2°) 46.4 45.7 47.4 46.4
  Ring 2 (2∼5°) 44.3 43.7 46.0 46.2
  Ring 3 (5∼10°) 43.6 43.8 44.8 44.1
  Ring 4 (10∼15°) 45.5 44.7 45.6 46.3
Subject 5
  Ring 1 (＜2°) 47.7 49.8 48.2 46.9
  Ring 2 (2∼5°) 49.6 47.1 46.2 45.3
  Ring 3 (5∼10°) 47.8 46.8 47.2 45.9
  Ring 4 (10∼15°) 46.8 46.1 46.9 46.9
Subject 6
  Ring 1 (＜2°) 47.0 53.3 53.5 53.3
  Ring 2 (2∼5°) 50.9 47.1 50.9 49.1
  Ring 3 (5∼10°) 48.0 48.2 46.1 48.2
  Ring 4 (10∼15°) 47.1 49.0 47.1 47.8
Subject 7
  Ring 1 (＜2°) 51.4 52.9 50.9 54.5
  Ring 2 (2∼5°) 49.0 49.1 47.8 53.6
  Ring 3 (5∼10°) 47.7 47.6 46.9 50.5
  Ring 4 (10∼15°) 46.8 46.7 45.1 49.2
Subject 8
  Ring 1 (＜2°) 45.4 43.8 48.8 46.1
  Ring 2 (2∼5°) 43.2 42.7 45.0 44.2
  Ring 3 (5∼10°) 43.6 43.0 43.9 43.1
  Ring 4 (10∼15°) 43.5 43.1 43.6 43.3

treated eyes. Both CMT and central choroidal thickness 
(CCT) measurements showed thinning of all fellow eyes 
(Table 4).

Discussion

  The majority of the eyes in the study group showed im-
provement in VA and perimetry, and all of the study eyes 
showed improvement in electrophysiological results with 
no ocular and systemic complications; whereas the ma-

jority of fellow eyes of the patients showed decrease in VA, 
perimetric and eletrophysiological results. The improve-
ment of the VA of the study group was consistent through 
1 year follow-up. The improvement in visual acuity was 
correlated with mfERG and VF results. The improvement 
in these functional and structural testings were continuous 
through 1 year. No serious complications occurred during 
the follow-up period. 
  Low vision is known to deteriorate daily life, and chron-
ic visual impairment caused by retinal diseases has been 
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Table 4. OCT measurements of the treated and the fellow eyes (values in μm)

Subject No. Baseline of the study eye 1 year study eye Baseline fellow eye 1 year fellow eye

1 CMT 81 78 109 87
CCT 235 257 374 248

2
CMT 100 83 105 78
CCT 266 237 269 227

3
CMT 163 171 185 138
CCT 203 199 242 180

4
CMT 74 70 85 83
CCT 286 290 313 220

5
CMT 131 137 190 131
CCT 195 242 238 227

6
CMT 20 19 17 15
CCT 128 122 130 105

7
CMT 23 27 90 83
CCT 190 183 322 302

8 CMT 104 98 124 98
CCT 330 219 424 384

CMT: Central macular thickness; CCT: Central choroidal thickness.
The numbers written in italics belong to the patients who experienced decrease during the follow-up period. The numbers written in 
bold represent the patients who had increase in CCT.

shown to have effect on quality of life scales (12). 
Degenerative retinal diseases have no curative treatment 
to date, however many options are being investigated in-
cluding retinal prosthetic devices, gene therapies and cell 
therapies. Stem cell based treatment modalities are rising 
in trend for “irreversible” neuropathies and retinopathies 
in various specialties. These treatment options are giving 
hope for reversing the cell death or damage; or at least 
causing the functional enhancement of the remaining via-
ble cells through gene expression changes and anti-
apoptotic effect. It has been used recently in various oph-
thalmic diseases which mainly includes hereditary/age re-
lated retinal disorders and optic neuropathies and has 
been shown to have promising results. Various ways of ap-
plication routes and biological materials have been pro-
posed up-to date. Our study group has also performed and 
published the results of subretinal delivery method with 
ADMSCs (11, 13). With these method complications re-
quiring seconds surgeries have occurred during follow-up 
such as epiretinal membrane formation at the implantation 
site and peripheral tractional detachment and subretinal 
delivery technique was abandoned and was replaced with 
suprachoroidal delivery method. This method has been 
first introduced by Limoli and his colleagues and was pro-
ven safe with no complications (10, 14). In our study we 
did not observe any complication other than only a sub-
conjunctival hemorrhage that usually absorbs in a few 
days. Suprachoroidal delivery method being near the cho-

roid also has the advantage of allowing the produced GFs 
to enter the choroidal flow and reaching the endothelial 
cell receptors and eventually reaching to and interacting 
with RPEs, Muller cells and photoreceptors and managing 
to consant GF secretion in the choroidal flow (15). 
Interaction with the retinal cells also trigger an intra-
cellular pathway. The continuous improvement in our study 
through 1-year follow-up can relate to this phenomenan. 
The choroidal thickening in the set of our patients can 
be the reflectance of increase in choroidal perfusion com-
patible with previous study results (16). Preclinical data 
with vascular endothelial growth factor inhibitors and tri-
amcinolone acetonide have shown that suprachoroidal in-
jection results in more posterior distribution of the agents 
and lesser exposure to the anterior segment compared to 
intravitreal administration (17). Because of its anterior 
limitation by scleral spur, the flow from the supracho-
roidal space directs towards posterior pole. To conclude 
suprachoroidal delivery seems to have an improved risk/ 
benefit ratio when compared to subretinal delivery app-
roaches. 
  ADMSCs are known to be a rich source of growth fac-
tors (GF), which are proteins that are known to have role 
in halting or slowing the apoptosis process, and have been 
studied for their role in treatment of retinal atrophy (18). 
Both PRP and ADMSCs are the sources of autologous GFs 
used in our study. In various studies delayed apoptosis 
and paracrine secretion of retinal cells have been demon-
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strated via surgically grafted adipose tissue in the supra-
choroidal space (19-21). Recent published data have shown 
that IPSC sheets as a monolayer used for tissue replace-
ment therapy in AMD, could represent gene expression 
patterns similar to those of native RPE with expression 
of RPE markers and exhibition of polarized GF secretion 
and phagocytotic ability (21, 22) Whichever the source is 
the main objective in cell therapies is to slow down or pre-
vent the death of photoreceptors. Various sources of stem 
cells including ESCs, IPSCs and MSCs have been inves-
tigated which are all capable of self-renewal and show 
multipotency. Peripheral blood, umblical cord, bone mar-
row and adipose tissue are the sources of MSCs. MSCs 
have the advantage of immunosuppressant function and 
the inhibition of the release of proinflammatory cytokines 
which also allows for both autologous and allogeneic 
transplantation, hence do not require immunosupression. 
  Because this is a phase 1/2 study and the main objective 
is to report the safety results, the main limitation of this 
is study is the severe visual field defects and severe visual 
loss of the included patients. It is known that stem cell 
based therapies work better when there is more viable tis-
sue and so with patients having more residual visual 
capacity. It is shown that retinal thickness average (RTA) 
measurements serve as a diagnostic criterion for stem cell 
application treatments and better outcomes are revealed 
in dry type AMD patients with RTA measurements of 250 
μm and greater which also correlate with electro-
retinography (ERG) responses (23). The neuroenhance-
ment which is improved by GFs is proportional to the 
areas present of greater cellularity which also corresponds 
with electrophysiology. In a very recent study including 
patients with retinitis pigmentosa, Limoli et al. (24) also 
found that the group with a foveal thickness greater than 
190 μm is associated with a better prognosis. Considering 
the late stage spectrum of the patients in our study the 
GF and receptor interaction would be poor and therefore 
could not represent the potential response that would be 
received from the patients in early-moderate stages of the 
disease. Even with this fact the results of our study, de-
spite the heterogeneity of the recruited subjects is promis-
ing with no serious complications and gives hope for stud-
ies of patients with the beginning/medium phase of their 
disease.
  In conclusion, stem cell treatment with suprachoroidal 
implantation of ADMSCs seems to be safe and effective. 
The results of our study provide the first evidence of the 
medium-term safety of suprachoroidal implantation of 
ADMSCs in human which would be beneficial for future 
studies and merits further investigation. To optimize the 

interventional timing, site of graft replacement and deliv-
ery system future studies including larger number of cases 
with better visual acuities will be necessary.
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