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403 Stem Cells: new approaches and disease modeling
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Ballroom 1  Paper Session
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Organizing Section: Retinal Cell Biology

Program Number: 3755
Presentation Time: 8:30 AM–8:45 AM
An optimized non-integrative protocol generates urine cell-
derived human iPS cells for the study of genetic eye diseases
Lin Cheng1, Qiannan Lei1, Kangxin Jin1, Mengqing Xiang1, 2. 1State 
Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, 
Sun Yat-sen University, Guangzhou, China; 2Center for Advanced 
Biotechnology and Medicine and Department of Pediatrics, Rutgers 
University-Robert Wood Johnson Medical School, Piscataway, NJ.
Purpose: Using a practical approach to generate iPS cells (UiPSCs) 
from human urine cells (UCs) will enable us to establish ocular 
disease models from a convenient source. In this report, we optimized 
a non-integrative protocol to generate patient-specific iPSC lines with 
high reprogramming efficacy, and established Brn3b-GFP knockin 
UiPSC lines via CRISPR/Cas9 technique for studying disease-
causing mutations.
Methods: The iPSC reprogramming protocol was optimized from 
a previous report (Li, et al. 2016). 1.5×106 UCs were electroporated 
with 6ug pEP4-E02S-ET2K and 4ug pEP4-M2L plasmid DNAs 
[day(d)0], and cultured with RE/MC medium in matrigel-coated 
6-well plate. At d1 and d2, the medium was changed to RE/MC 
medium plus 0.5uM A-8301, PD0325901, Thiazovivin and 3uM 
CHIR99021 (4i). At d3, it was changed to N2B27 medium +4i till 
the clones upheaved, when the medium was replaced with N2B27 
medium +0.5uM Thiazovivin. Morphology changes were seen at 
d4-7. After d10, the clones were picked when the clone diameter 
>1mm. They were then further expanded and characterized by qPCR, 
embryoid body formation, AP staining, karyotyping, and labeling 
with pluripotency markers. The generated iPSCs were cultured in 3D 
to generate optic cups (Ohlemacher, et al. 2016). Moreover, CRISPR/
Cas9-engineered UiPSCs were generated (Ran, et al. 2013).
Results: UiPSCs were successfully derived from UCs with ~80 
clones/well. They showed typical hESC morphology and were 
self-renewable. They maintained normal karyotype and are AP-
positive. PCR assay confirmed that these iPSC colonies had no 
genomic integration. qPCR, flow cytometry and cell fluorescence 
immunostaining all confirmed that UiPSCs displayed high expression 
of pluripotency markers Sox2, Nanog, Oct4, SSEA-4, Tra-1-60 and 
Tra-1-81. UiPSCs were capable of differentiating into three germ 
layers. In 3D culture, UiPSCs formed retinal cups with laminar layers 
expressing BRN3A, BRN3B, TUJ1, NF150, MATH5, CRX and other 
retinal cell markers. A RGC reporter Brn3b-GFP UiPSC cell line was 
successfully established to investigate RGC degenerative diseases in 
the future.
Conclusions: The optimized protocol is an easy and fast approach 
to yield good-quality iPSC lines. The generated iPSCs are able to 
generate retinal cups, and the CRISPR/Cas9-engineered UiPSCs will 
allow us to establish patient-specific iPSCs, and manipulate genes to 
better understand ocular diseases.

Commercial Relationships: Lin Cheng, None; Qiannan Lei, None; 
Kangxin Jin, None; Mengqing Xiang, None
Support: The Fundamental Research Funds of the State Key 
Laboratory of Ophthalmology, Sun Yat-sen University; the National 
Basic Research Program (973 Program) of China (2015CB964600); 
New Jersey Health Foundation; China Postdoctoral Science 
Foundation (2015M580758); Natural Science Foundation of 
Guangdong Province (2016A030310201), and the National Scientific 
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Suspension Culture of Urine-Derived iPSC for Generating 
Human Retinal Pigment Epithelium in Serum-Containing 
Medium
Maria Laggner1, Ying-Ting Chen1, Andreas Pollreisz1, 
Regina Grillari2, 3, Ursula Schmidt-Erfurth1. 1Ophthalmology, 
Medical University of Vienna, Vienna, Austria; 2Aging and 
Immortalization Research, Department of Biotechnology, University 
of Natural Resources and Life Sciences, Vienna, Austria; 3Evercyte 
GmbH, Vienna, Austria.
Purpose: Retinal Pigment Epithelium (RPE) has been implicated 
in pathogenesis of various vision-threatening retinal disorders, yet, 
in vitro diagnostic tools to evaluate RPE health in a patient-specific 
manner are not available. Urine represents an attractive, non-invasive 
source of induced pluripotent stem cells (iPSC), however, culture 
conditions for RPE induction of urine-derived iPSC have not been 
optimized yet. In this study, we sought to establish a protocol for 
rapid RPE induction from urine-derived, human iPSC.
Methods: Human iPSCs were generated from urinary tract 
progenitors. For RPE induction, iPSCs were cultured on matrigel-
precoated microplates (adherent culture, AC) or on low adherence 
U-bottom microplates (suspension culture, SC) for up to 2 weeks. 
Glasgow’s modified essential medium supplemented with either 5% 
fetal bovine serum or small molecule cocktail comprised of B27, N2, 
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NEAA, glutamine, taurine, hydrocortisone, triiodothyronine, IGF1, 
Dkk1, Noggin and bFGF was used to test efficiency of RPE lineage 
commitment and phenotypic induction.
Results: Expression of pluripotency marker OCT4 decreased by 
63.6+1% in SC vs 20.6+2% in AC after 1 week of induction with 
serum. In parallel, genes for eye field lineage commitment, including 
PAX6, RAX, SIX3, LHX2 and OTX2, were found upregulated ranging 
from 10- to 100-fold in SC, while remaining unaltered in AC. In 
contrast, iPSC in small molecule-containing media failed to exit 
pluripotent state in AC and SC. Genes for eye field development were 
moderately upregulated by <10-fold.
After 2 weeks of serum SC, RAX, SIX3 and LHX2 expression were 
found reduced to baseline levels, while RPE phenotypic genes 
MITF and BEST1 were remarkably activated (15- and 6.38-fold, 
respectively). In contrast, small molecules-containing media failed to 
express RPE-specific genes.
Conclusions: Suspension culture with serum-containing media 
efficiently induced iPSC towards RPE differentiation. Further 
protocol optimization will benefit urine-derived iPSC for clinical 
scale tissue engineering.
Commercial Relationships: Maria Laggner; Ying-Ting Chen, 
None; Andreas Pollreisz, None; Regina Grillari, Evercyte GmbH 
(E); Ursula Schmidt-Erfurth, None
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Selection of human iPS cell-derived photoreceptors by targeting 
of cell surface antigen CD73
Olivier Goureau, Amélie Slembrouck, Céline Nanteau, 
Oriane Rabesandratana, Gael Orieux, Sacha Reichman, 
Giuliana Gagliardi. Institut de la Vision, Sorbonne Universités, 
UPMC Univ Paris 06, INSERM, CNRS UMR 7210, Paris, France.
Purpose: For retinal cell therapy based on human induced pluripotent 
stem (hiPSCs), one of the major challenges is to identify surface 
antigens as specific markers of hiPSC-derived photoreceptors that 
could be used for the separation of transplantation-competent cell 
population. Here, we focused on the cell surface antigen CD73 during 
retinal differentiation of hiPSCs
Methods: Retinal organoids containing photoreceptor precursors 
were generated according to our protocol (Reichman et al. 2014). 
At different time points of differentiation, expression of CD73 in 
retinal organoids was assessed by RT-qPCR and immunostaining. For 
cell separation, retinal organoids were dissociated into single cells, 
immunostained with a CD73-PE antibody and Magnetic-Activated 
Cell Sorting (MACS) was performed by using anti-PE Microbeads. 
Cells from dissociated organoids (unsorted, CD73+ and CD73- 
fractions) were analyzed and characterized by flow cytometry, RT-
qPCR and immunohistochemistry
Results: Analysis of CD73 expression in hiPSC-derived retinal 
organoids indicated that CD73 is specific of cells committed into 
the photoreceptor lineage, as all of the CD73+ cells co-localized 
with well-established photoreceptor markers (RECOVERIN, CONE 
ARRESTIN and OPSIN). Flow cytometry analysis indicated that the 
percentage of CD73+ cells in dissociated retinal organoids increased 
with maturation, with CD73+ cells representing more than 60% of 
cells at day 180 of differentiation. Dissociated retinal cells expressing 
CD73 could be sorted by Magnetic-Activated Cell Sorting (MACS), 
leading to enrichment to 90% of CD73+ cells in the positive sorted 
fraction. RT-qPCR analysis on sorted CD73+ cells showed over-
expression of the most significant photoreceptor-specific genes 
compared to dissociated retinal cells before CD73 MACS. Re-plating 
of the CD73-sorted cells demonstrated the cell viability, even several 
days after the separation process, and expected expression of CRX 

and RECOVERIN. Interestingly, MACS of CD73+ cells could be 
performed on freeze-thawed dissociated retinal organoids, with 
equivalent results to MACS on not frozen organoids
Conclusions: Our results support the use of CD73 as a marker of 
hiPSC-derived photoreceptors. MACS of CD73+ cells resulted in a 
significant enrichment of photoreceptor precursors from both fresh 
and freeze-thawed retinal organoids, which will be of a great utility 
for future clinical translation
Commercial Relationships: Olivier Goureau, None; 
Amélie Slembrouck, None; Céline Nanteau, None; 
Oriane Rabesandratana, None; Gael Orieux, None; 
Sacha Reichman, None; Giuliana Gagliardi, None
Support: ANR (ANR-2010-RFCS005), Accelerating Technology 
Transfer SATT Lutech, FRM (DBS20140930777), Retina France 
association
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Recapitulation of the Human Fetal Crumbs Complex in human 
iPSCs-derived Retinas and Retinal Pigment Epithelium
Peter M. Quinn1, Thilo M. Buck1, Celso Alves1, Charlotte Ohonin1, 
Susana M. Chuva de Sousa Lopes3, Harald Mikkers2, Jan Wijnholds1. 
1Ophthalmology, Leiden University Medical Center, Leiden, 
Netherlands; 2Molecular Cell Biology, Leiden University Medical 
Center, Leiden, Netherlands; 3Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands.
Purpose: Mutations in the CRB1 gene cause severe inherited retinal 
dystrophies from birth or early childhood. The early developmental 
processes of normal and diseased human retinas are still not well 
understood. Having in vitro human retinas which mimic these 
developmental processes is highly desirable allowing a bridge in 
treatment development between animal models and the clinic. Here, 
we compare the developing Crumbs complex in 1st and 2nd trimester 
human fetal retina and retinal pigment epithelium (RPE) and how 
well this is recapitulated in retinal organoids and RPE differentiated 
from human induced pluripotent stem cells (iPSCs).
Methods: Human retinal organoids and RPE were differentiated 
from the LUMC0004iCTRL10 iPSC line following Zhong et al, 
2014. Material was analysed on a range of differentiation day (DD) 
iPSCs-derived retinas and RPE and 1st and 2nd trimester human fetal 
eyes. Immunohistochemistry was carried out to allude to positioning 
of proteins of interest at the subapical region and adherens junctions.
Results: Human fetal retina from the 1st trimester expressed CRB2 
at the subapical region above the adherens junction protein P120-
catenin however CRB1 was not visibly present. During the 2nd 
trimester however both CRB1 and CRB2 along with other Crumbs 
complex members PALS1 and PAR3 are present. In both the 1st and 
2nd trimester CRB2 is present apically in the RPE, while p120-catenin 
localized basolateral. Early DD28 iPSCs-derived retinas did not 
express CRB1 but CRB2 was located at the subapical region. Later 
DD160 iPSCs-derived retinas did express CRB1 at the subapical 
region along with CRB2, PALS1 and MUPP1. Human iPSCs-derived 
RPE also apically expressed CRB2 but not CRB1, while β-catenin 
localized basolateral.
Conclusions: We show for the first time that CRB2, but not CRB1, 
is present at the subapical region in 1st trimester human fetal retina. 
But CRB1 localises as rod and Müller glial cell birth takes place 
during the 2nd trimester. Suggesting a role for CRB2 but not CRB1 
in the earliest human retinal radial glial progenitors. Also we show 
that human fetal RPE expresses CRB2 but not CRB1. Finally, human 
iPSCs-derived retinas and RPE recapitulated the developing Crumbs 
complex as seen in 1st and 2nd trimester fetal eyes. Development of 
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knockout CRB1 and/or CRB2 retinal organoids may therefore provide 
robust in vitro systems for potency assays for gene therapy vectors.
Commercial Relationships: Peter M. Quinn; Thilo M. Buck, 
None; Celso Alves, None; Charlotte Ohonin, None; 
Susana M. Chuva de Sousa Lopes, None; Harald Mikkers, None; 
Jan Wijnholds, None
Support: FFB project nr TA-GT-0715-0665-LUMC, Curing 
Retinal Blindness Foundation, Stichting Retina Nederland Fonds, 
Landelijke St. Blinden en Slechtzienden, Rotterdamse Stichting, 
Blindenbelangen, St. Blindenhulp, St. Blinden-Penning, Algemene 
Nederlandse Vereniging ter Voorkoming van Blindheid (ANVVB), 
Gelderse Blinden Stichting, MaculaFonds
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Oculocutaneous albinism patient derived retinal pigment 
epithelium faithfully recapitulate disease phenotype in vitro
Aman George, Ruchi Sharma, Roba Dejene, Mones Abu-Asab, 
Kapil Bharti, Brian P. Brooks. OGVFB, NIH, Bethesda, MD.
Purpose: Individuals with Oculocutaneous albinism have low 
ocular pigmentation and decreased best-corrected visual acuity due 
to defects in fovea development. Since fovea development starts 
prenatally and continues to develop after birth, it provides the 
possibility that childhood intervention to improve pigmentation in 
eye tissues might help rescue vision defects. In adults, benefits may 
be limited to symptoms associated with glare and photosensitivity, 
but children may realize more dramatic effects if fovea development 
can even be partially restored. The purpose of our study is to develop 
disease in a dish model for Oculocutaneous albinism type 2 (OCA2) 
and identify drugs that can improve pigmentation.
Methods: Fibroblast cells from three unrelated genotyped OCA2 
individuals were reprogrammed to induced pluripotent stem 
cell (OCA2-iPSC) lines using Cyto-tune II™. iPS cells were 
characterized using immunostaining of pluripotency markers, 
embryoid body formation assay and in vivo teratoma formation assay. 
The OCA2-iPS cells were differentiated to retinal pigment epithelium 
(OCA2-RPE) cells using a developmentally guided differentiation 
protocol and characterized at the molecular and functional level by 
immunostaining, trans-epithelial resistance (TER) measurements, 
phagocytosis assay, and electron microscopy analysis.
Results: The OCA2-iPS cells expressed OCT4, SOX2, TRA-1-81 
and TRA-1-60, formed embryoid bodies that can be differentiated to 
multiple cell types and when implanted in vivo resulted in teratomas. 
OCA2-RPE were cultured on semi-permeable membranes for 8 
weeks to obtain a functionally mature and polarized monolayer tissue 
that were similar to RPE derived from unaffected control individual 
and to human fetal (hf) RPE (Control-RPE) for expression and 
localization of cell-cell junctional markers ZO1, β-CATENNIN, and 
cell surface proteins NaK+ ATPase and SCRIBBLE. Functionally 
OCA2-RPE displayed TER and photoreceptor phagocytosis 
comparable to control RPE. Using electron microscopy we observed 
significantly reduced and degenerating melanosomes in OCA2-RPE 
as compared to Control-RPE.
Conclusions: We show that a fully-functional RPE can be derived 
from OCA2 patient fibroblast cells that faithfully recapitulate the 
patient phenotype of pigmentation defects in a cell culture system. 
The OCA2 patient derived RPE cells will be further used for 
pigmentation rescue studies.
Commercial Relationships: Aman George; Ruchi Sharma, None; 
Roba Dejene, None; Mones Abu-Asab, None; Kapil Bharti, None; 
Brian P. Brooks, None
Support: Vision for Tomorrow Scientific Research Grant to BPB and 
AG
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3D tissue engineered RPE/“choroid” to identify mechanism of 
AMD-disease initiation and progression
Min Jae Song, Russell Quinn, Roba Dejene, Kapil Bharti.  
National Eye Institute, Olney, MD.
Purpose: Retinal pigment epithelium and choroid form a homeostatic 
unit that maintains functionality of photoreceptors by regulating their 
micro-environment. Several diseases including age related macular 
degeneration (AMD) are related to dysfunction or atrophy of this 
homeostatic unit. The advanced AMD stage has two main sub-types 
the “wet” and “dry” AMD. In wet AMD, choroidal vessels breach 
through RPE tight junctions, leak fluid and blood in the retina causing 
vision loss. In dry AMD, RPE atrophy leads to photoreceptor cell 
death and choroidal atrophy. There is currently no effective disease 
model to study AMD in vitro. Here, we use engineered 3D RPE/ 
“choroid” tissue to develop an in vitro model for AMD.
Methods: Human iPSC-derived endothelial cells, pericytes, and 
fibroblasts together with hydrogels were used for bioprinting on a 
biodegradable scaffold. iPSC-derived RPE was seeded on the other 
side of the scaffold. Transepithelial resistance (TER) of the tissue 
was measured using Endohm (WPI). Immunostaining for RPE, 
vessel, and fenestration markers was performed on entire tissues and 
vibratome cut sections, and specimen was imaged using Leica two-
photon microscope.
Results: Endothelial cells organized with in a week into a 
vascularized tissue that resembles the native choroid. RPE cells 
seeded on the other of the scaffold formed a monolayer with in a 
month. The biodegradable scaffold provided the framework for 
RPE and endothelial cells to secrete ECM. Bioprinted RPE/choroid 
maintained 300-800 Ohms x cm2 TER after 4 weeks of culture and 
expressed plasmalemma vesicle associated protein (PLVAP), a 
marker of fenestrated capillaries. In the intact RPE/choroid tissue 
vessel proliferation & PLVAP expression was dependent on the 
presence of RPE monolayer.
Conclusions: We have successfully engineered a tissue mimicking 
the RPE/“choroid”. Vessel growth in this intact tissue was dependent 
on RPE cells providing direct evidence that communication between 
RPE and choroid is crucial to maintain choroid health. We are 
currently using engineered RPE/“choroid” developed with patient 
specific iPS cells to study AMD initiation and progression.
Commercial Relationships: Min Jae Song, None; Russell Quinn, 
None; Roba Dejene, None; Kapil Bharti, None
Support: CDMRP Grant MR141273
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RPE autonomous molecular events are sufficient for drusen 
biogenesis and extracellular matrix alterations in hiPSC-derived 
models of macular degeneration
Ruchira Singh1, 2, Sonal Dalvi1, 2, Leslie MacDonald1, 2, 
Sandy Hung3, Alex W. Hewitt3, Alice Pebay3, David S. Williams4, 
Chad A. Galloway1, 2. 1Ophthalmology and Biomedical Genetics, 
University of Rochester, Rochester, NY; 2Center for Visual 
Science, University of Rochester, Rochester, NY; 3Department of 
Ophthalmology, Centre for Eye Research Australia, East Melbourne, 
VIC, Australia; 4Jules Stein Eye Institute, UCLA, Los Angeles, CA.
Purpose: Patient-derived human induced pluripotent stem cells 
(hiPSCs) allow the investigation of a singular cell type in the disease 
pathology. The purpose of this study was to determine the specific 
role of retinal pigment epithelium (RPE) cell in macular degeneration 
pathogenesis. We accomplished this by evaluating the phenotypic 
and molecular alterations in patient-derived hiPSC-RPE model of 
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multiple maculopathies affecting the RPE-extracellular matrix (ECM) 
complex.
Methods: hiPSC-RPE were derived from patients with inherited 
maculopathies, Sorsby’s fundus dystrophy (SFD) and Doyne 
honeycomb retinal dystrophy (DHRD), and adult onset macular 
degeneration (MD, no known genetic defect) as well as unaffected 
controls (family member, gene corrected line, random population). 
Ultrastructural, immunocytochemical and gene/protein expression 
analyses were performed to determine the 1) development and 
composition of sub-RPE deposits (drusen) 2) ECM alterations 
including altered matrix metalloproteinases (MMP) activity/
expression and ECM protein accumulation and 3) complement 
activation in hiPSC-RPE monoculture model of SFD, DHRD and 
MD.
Results: Monocultures of patient hiPSC-RPE (SFD/DHRD/MD) 
aged for > 90 days in culture developed sub-RPE deposits that 
consisted of lipids (Nile red) and RPE synthesized proteins (ApoE, 
TIMP3). Importantly, no drusen deposits were seen in relatively 
young (~day 30) patient-hiPSC-RPE cultures. Serum exposure 
affected the composition of drusen in patient hiPSC-RPE cultures, 
with the inclusion of complement proteins (C3, membrane attack 
complex (MAC) or C5b-9) and vitronectin (VIT). Patient hiPSC-
RPE models of macular degeneration (in the absence of exogenous 
stressors) also demonstrated accumulation of ECM proteins TIMP3, 

Col IV and laminin and altered expression/activity of several MMP 
and complement genes.
Conclusions: Using hiPSC-RPE from multiple patients with 
distinct maculopathies but similar pathological phenotype, we have 
established that RPE cells alone are sufficient to promote drusen 
deposition in a cell autonomous manner in maculopathies affecting 
RPE-ECM complex. Furthermore, we have for the first time 
illustrated in a human model system that similar molecular alterations 
(impaired ECM turnover, complement response) underlie distinct 
maculopathies (SFD, DHRD, MD).
Commercial Relationships: Ruchira Singh; Sonal Dalvi, None; 
Leslie MacDonald, None; Sandy Hung, None; Alex W. Hewitt, 
None; Alice Pebay, None; David S. Williams, None; 
Chad A. Galloway, None
Support: rightfocus Foundation Macular Degeneration Research 
Grant, David Bryant Trust, Foundation Fighting Blindness, Knight 
Templar Eye Foundation Research Starter Grant, Research to prevent 
Blindness (Career Development Award, Singh- PI), Research to 
Prevent Blindness (unrestricted grant, Feldon- PI), University of 
Rochester Research Award


