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(57) ABSTRACT 

High efficiency methods for producing retinal pigment epi 
thelial cells from induced pluripotent stem cells (iPSCs) are 
disclosed herein. The iPSCs are produced from somatic cells, 
including retinal pigment epithelial (RPE) cells, such as fetal 
RPE stem cells. In some embodiments, the iPSC include a 
tyrosinase promoter operably linked to a marker. Methods are 
disclosed for using the RPE cells, such as for treatment. 
Methods for screening for agents that affect RPE differentia 
tion are also disclosed. 
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FIG. 19 
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FIG. 21. 
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FIG. 26C 
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METHOD FOR GENERATING RETNAL 
PIGMENT EPITHELIUM (RPE) CELLS FROM 
INDUCED PLURPOTENT STEM CELLS 

(IPSCS) 

PRIORITY CLAIM 

0001. This claims the benefit of U.S. Patent Application 
No. 61/759.988, filed Feb. 1, 2013, which is incorporated by 
reference herein in its entirety. 

FIELD OF THE DISCLOSURE 

0002 This disclosure is related to the field of retinal pig 
ment epithelium (RPE) cells, and specifically to methods for 
producing RPE cells from stem cells. 

BACKGROUND 

0003. The retina is a layer of specialized light sensitive 
neural tissue located at the inner surface of the eye of verte 
brates. Light reaching the retina after passing the cornea, the 
lens and the vitreous humor is transformed into chemical and 
electrical events that trigger nerve impulses. The cells that are 
responsible for transduction, the process for converting light 
into these biological processes are specialized neurons called 
photoreceptor cells. 
0004. The retinal pigment epithelium (RPE) is a polarized 
monolayer of densely packed hexagonal cells in the mamma 
lian eye that separates the neural retina from the choroid. The 
cells in the RPE contain pigment granules and perform a 
crucial role in retinal physiology by forming a blood-retinal 
barrier and closely interacting with photoreceptors to main 
tain visual function by absorbing the light energy focused by 
the lens on the retina. These cells also transportions, water, 
and metabolic end products from the subretinal space to the 
blood and take up nutrients such as glucose, retinol, and fatty 
acids from the blood and deliver these nutrients to photore 
ceptors. 
0005 RPE cells are also part of the visual cycle of retinal: 
Since photoreceptors are unable to reisomerize all-trans-reti 
nal, which is formed after photon absorption, back into 
11-cis-retinal, retinal is transported to the RPE where it is 
reisomerized to 11-cis-retinal and transported back to the 
photoreceptors. 
0006. Many ophthalmic diseases, such as (age-related) 
macular degeneration, macular dystrophies Such as Star 
gardt’s and Stargardt’s-like disease, Best disease (vitelliform 
macular dystrophy), and adult Vitelliform dystrophy or sub 
types of retinitis pigmentosa, are associated with a degenera 
tion or deterioration of the retina itself or of the RPE. It has 
been demonstrated in animal models that photoreceptor res 
cue and preservation of visual function could be achieved by 
subretinal transplantation of RPE cells (Coffey et al. Nat. 
Neurosci. 2002:5, 53-56: Lin et al. Curr. Eye Res. 1996:15, 
1069-1077; Littleet al. Invest. Ophthalmol. Vis. Sci. 1996:37, 
204-211; Sauve et al. Neuroscience 2002:114, 389-401). 
There is a need to find ways to produce RPE cells, such as 
from human stem cells, that can be used for the treatment of 
retinal degenerative diseases and injuries. 

SUMMARY OF THE DISCLOSURE 

0007 High efficiency methods for producing retinal pig 
ment epithelial cells from induced pluripotent stem cells (iP 
SCs) are disclosed herein. The iPSCs are produced from 
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Somatic cells, including retinal pigment epithelial cells. Such 
as fetal retinal pigment epithelial stem cells. 
0008. In some embodiments, the method for producing 
human retinal pigment epithelial cells includes producing 
embryoid bodies from human induced pluripotent stem cells. 
The embryoid bodies are cultured in a first medium compris 
ing two Wnt pathway inhibitors and a Nodal pathway inhibi 
tor. The embryoid bodies are plated on a tissue culture sub 
strate in a second medium. In certain embodiments, the 
second medium (a) does not include basic fibroblast growth 
factor (bFGF) (b) includes a basic fibroblast growth factor 
(bFGF) inhibitor, the two Wnt pathway inhibitors, and the 
Nodal pathway inhibitor; (c) includes about 20 to about 90 ng 
of Noggin; and (d) includes about 1 to about 3% knock out 
serum replacement to form differentiating retinal pigment 
epithelial cells. The differentiating retinal pigment epithelial 
cells are then cultured in a third medium comprising ACTI 
VAN A and WNT3a. The cells are then cultured in retinal 
pigment epithelial cell (RPE) medium that includes about 5% 
fetal serum, a canonical WNT inhibitor, a non-canonical 
WNT inducer, and inhibitors of the Sonic and FGF pathway 
to produce human retinal pigment epithelial cells. 
0009. In additional embodiments, methods are disclosed 
for detecting RPE cells, or confirming that a cell is a RPE cell. 
In yet other embodiments, methods are disclosed for deter 
mining if a testagent affects the production of RPE cells from 
an iPSC. In further embodiments, methods are provided to 
identify a test agent that increases gene expression and can be 
used as a therapeutic agent. In yet other embodiments, meth 
ods are provided to identify a test agent that increases RPE 
Survival in response to a proteotoxic insult or stress. 
0010. The foregoing and other features and advantages of 
the invention will become more apparent from the following 
detailed description of a several embodiments, which pro 
ceeds with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0011 FIG. 1 is a schematic diagram of the RPE-specific 
construct, which includes a constitutive promoter operably 
linked to a marker (for example, red fluorescent protein, RFP) 
and the RPE-specific tyrosinase promoter operably linked to 
a second marker (for example, green fluorescent protein, 
GFP). Digital images of the results achieved are also shown. 
The RPE-specific promoter/enhancer-GFP construct was first 
tested in a transgenic mouse. RPE-specific GFP expression 
(left image) was achieved. This construct was then combined 
with a constitutive RFP and transduced into iPSCs. At the 
iPSC stage only RFP is expressed (right image). This con 
struct can be used to produce an iPSC line expressing RPE 
specific GFP. 
0012 FIG. 2 is a schematic diagram of the steps in differ 
entiation of RPE from human iPSCs. The protocol was opti 
mized to obtain RPE cells with high efficiency, while inhib 
iting other lineages. Markers for the different stages are 
shown. 
0013 FIG. 3 is a schematic diagram and digital images of 
RPE-Specific GFP Expression in the Reporter iPSCline. GFP 
positive cells appear when cells reach committed RPE stage, 
which begins 4 weeks after differentiation begins. GFP posi 
tive cells acquire epithelial character and begin to pigment in 
one more week. The expression of reporter after 28 and 35 
days in culture is shown. 
(0014 FIG. 4 is a table of results from FACS purified GFP 
positive cells, showing the cells are enriched for expression of 
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early RPE genes. GFP positive cells and negative cells from 
the same dish were purified by FACS and the expression of 
RPE-specific markers was compared in the two populations. 
GFP positive cells are several fold enriched in the expression 
of RPE-specific genes. 
0015 FIGS. 5A to 5B are a set of digital images showing 
FACS purified GFP positive cells differentiate into pigmented 
RPE cells. When FACS purified GFP positive and negative 
cells were re-seeded on to culture plates, only GFP positive 
cells grew to form homogenous pigmented cultures. This 
demonstrated that GFP expression truly represents RPE fate 
in this iPSC line 
0016 FIG. 6 is a set of digital images showing embryoid 
body (EB) size affects RPE differentiation. Differences in the 
number of pigmented cells obtained using varying size EBS 
are shown. 
0017 FIG. 7 is a set of digital images showing embryoid 
body (EB) number affects RPE differentiation. FACS analy 
sis shows that the number of GFP positive cells in the sixth 
week of the differentiation process. The number of GFP posi 
tive cells changes as the number of EBs plated per well of the 
culture plate change. 
0018 FIGS. 8-10 are tables showing the fold change in 
PAX6 expression with different culture conditions. 
0019 FIGS. 11-13 are tables showing the fold change in 
MITF expression using different culture conditions. MITF 
expression should start to increase around week 3 of differ 
entiation, when the cells are getting to the optic vesicle stage. 
0020 FIG. 14 is a table showing the percent GFP positive 
cells (representing cells of the RPE fate) using different cul 
ture conditions. 
0021 FIG. 15 is a set of digital images showing the dif 
ferentiation of iPSC into RPE. The cells were cultured using 
the media and protocols listed in Example 1. For these stud 
ies, the KO serum was the only component that was varied. 
0022 FIG. 16 is a set of digital images showing that 
canonical WNT and WNT3a improves the efficiency of pro 
duction of RPE from iPSCs. WNT3A is a canonical WNT 
signaling regulator. The digital images show pigmented colo 
nies in each dishafter eight weeks of culture. For these experi 
ments MEDIUM 2 (FGF2–0.5ng/ml)+MEDIUM3 (NA or 
NAW), wherein NA=Nicotinamide & ACTIVIN, 
NAW=Nicotinamide, ACTIVIN & WNT3a. bFGF (FGF2) 
was included 0.5ng/ml in medium 2. 
0023 FIG. 17 is a set of digital images and plots showing 
WNT3a significantly increases the number of GFP positive 
cells in differentiating iPSC cultures. The upper panel shows 
GFP positive and RFP positive cells in a dish. The lower panel 
shows FACS analysis for the GFP signal. For these experi 
ments, MEDIUM 2 (FGF2–0.5ng/ml)+MEDIUM3 (NA or 
NAW), wherein NA=Nicotinamide & ACTIVIN, 
NAW=Nicotinamide, ACTIVIN & WNT3a. 
0024 FIG. 18 is a set of digital images and plots showing 
the use of a GFP reporter to optimize iPSC to RPE Differen 
tiation. Culture in the third medium significantly improved 
the production of RPE cells, as evidence by GFP expression 
and production of pigment, after 6 weeks. 
0025 Medium 2 NO FGF2+PD 0325901 (10 mM)+ 
Noggin (50ng/u1)+DKK1 
0026. Medium 3 Activin A (150 ng/ml)+WNT3a (100 
ng/ml) 
0027 Medium 4 See the examples section below. 
0028 FIG. 19 is a digital image showing that WNT3a 
generates RPE cells with homogeneous pigmentation. Cells 
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from these dishes were trypsinized and replated into T-25 
flasks. For these experimants, MEDIUM 2 (FGF2–0.5ng/ 
m1)+MEDIUM3 (NA or NAW), wherein NA=Nicotinamide 
& ACTIVIN, NAW=Nicotinamide, ACTIVIN & WNT3a. 
(0029 FIG. 20 is a digital image of iPSC-derived RPE, 
NAW treated (92% GFP positive). At higher resolution these 
cells look quite homogenous in terms of RPE morphology, 
GFP expression, and pigmentation. 
0030 FIG. 21 is a table showing that inhibition of endog 
enous pathways (WNT, FGF, SONIC) in iPSC-RPE produces 
fully-mature RPE cultures Medium #4-5% RPE medium+ 
inhibitors of WNT, FGF, SONIC. WNT inhibitors include 
DKK1 and non-canonical WNT (WNT5a), FGF inhibitor 
SU5042, and SONIC inhibitor Cyclopamine. 
0031 FIG. 22 is a set of graphs and a Venn diagram illus 
trating RPE gene expression is iPSC-RPE. The expression of 
a total 384 genes was evaluated (Strunnikova et al., Hum Mol 
Genet. 2010 June 15; 19(12):2468-86). The top 350 genese 
were selected; 34 genes were controls. A custom 384-well 
plate was developed to analyze the expression of all these 
genes by real-time PCR. This plate/array can be used to 
authenticate iPSC-RPE cells. They include RPE gene signa 
ture, fetal-RPE enriched genes, and adult-RPE enriched 
genes. A comparison of ~100 fetal-RPE enriched genes 
among three iPSC lines derived RPE is shown. 
0032 FIG. 23 is a schematic diagram and graphs evidenc 
ing the physiology of iPSC derived RPE. Selective CO, per 
meability of the apical surface of RPE cells is shown (Adi 
janto et al., J Gen Physiol. 2009 June; 133(6):603-22). 
Photoreceptors secrete CO towards the apical surface of RPE 
cells. Therefore, this surface has been evolutionarily selected 
to trap CO. This function can be measured in vitro by chang 
ing CO concentrations in the apical or the basal baths of RPE 
cells growing in transwells. If RPE cells trap CO, they 
respond by a reduction in pH, which can be measured by a 
ratio-metric dye. iPSC-derived RPE function similar to the 
native RPE for differential CO2 uptake only on the apical side. 
0033 FIG. 24 is a set of graphs showing changes in elec 
trophysiological properties of iPSC-derived RPE cells by 
changes in extracellular ionic concentrations. When light hits 
the photoreceptors, they depolarize by shutting down their 
potassium (K) channels. This reduces the concentration of 
K-ions in between photoreceptors and RPE (subretinal space) 
from 5 mM to 1 mM. RPE cells respond to this changing 
concentration by hyperpolarizing and opening their K chan 
nels to increase the subretinal K concentration back to 5 mM. 

0034 FIGS. 25A-25D are schematic diagrams, digital 
images and graphs. (A) Schematic of the step-wise protocol 
for differentiation of iPSCs into RPE, authentication of RPE 
cells, and their use for a multiplex screening. The different 
type of media used throughout the process and the timeline of 
the process are shown. (B) Characterization of the iPSC line 
used for generating RPE for screening. Fully confluent iPSCs 
were stained with antibodies against indicated pluripotency 
markers. Cells express high levels of all these markers. Bright 
field images show iPSC colony morphology. (C) qRT-PCR 
analysis of pluripotency markers NANOG, OCT4, SOX2, 
c-MYC, and KLF4 in iPSC line used for RPE differentiation. 
Fibroblasts and embryonic stem cell RNA are used for com 
parison. (D) Immunostaining of iPSCs spontaneously differ 
entiated in vitro after bRGF withdrawal. iPSCs are able to 
generate cells from the three germ layers (AFP endoderm; 
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TUJ1=ectoderm; SMA mesoderm). The bar represents 50 
microns. KSR knockout serum replacement containing 
medium, NIC nicotinamide. 
0035 FIGS. 26A-26D show authentication of iPSC-de 
rived RPE. RPE cells were grown on semi-permeable tran 
swells until fully confluent and characterized by immun 
ostaining for RPE markers (A), electron microscopy (B), 
intracellular calcium responses (C), electrophysiological 
responses (D). (A) RPE cells were stained with antibodies 
against EZRIN, DCT, SLC16A1, CLCN2 (grey) and ZO1 
(bright lines). (B) Electron micrograph of a section of RPE 
growing on a semi-permeable transwell. Cells show several 
features typical of RPE including extensive apical process, 
apically localized pigmented melanosomes (me), and tight 
junctions (t) between adjoining cells. (C) Similar to primary 
fetal RPE cells, iPSC-derived RPE show a baseline calcium 
concentration of 110 nM. Addition of ATP to the apical bath 
activates apical P2Y2 receptors resulting in a spike in intra 
cellular calcium concentration. (D) Apical and basal mem 
brane resting potentials were measured in response to chang 
ing potassium (K) and ATP concentrations in the apical bath 
Similar to the primary cultures of human RPE, these cells 
hyperpolarize when K concentration is reduced to 1 mM and 
depolarize when ATP is added to the apical bath. 
0036 FIGS. 27 A-27C show a schematic of the multiplex 
assay performed in a 96/384-well plate format. (A) Brief 
Summary and the time line for the multiplex assay performed 
using iPSC-derived RPE. Assay can be performed in a day 
and a half with full automation. (B) Magnetic beads labeled 
with a unique fluorophores capture specific mRNAS through 
anti-sense oligo-nucleotide interactions of capture probe 
(CP) and multiple capture extenders (CEs). CE is a branched 
oligo-nucleotide; one side of it is anti-sense to CP and the 
other side has variable sequence that it anti-sense to the spe 
cific mRNA. Label extender (LE) also a branched oligo 
nucleotide that binds to different regions of the mRNA and 
allows the binding of pre-amplifier and amplifier oligos 
through anti-sense interactions. Biotin containing label 
probes and streptavidin-conjugated phycoerythrin (SAPE) 
bind to amplifier oligos and are detected using the LumineX 
flow reader. (C) Table summarizes mRNA detected in this 
assay, their accession numbers, length, and the region where 
capture extenders and label extenders bind. 
0037 FIGS. 28A-28G show proof of principle for multi 
plex gene expression assay in 96-well plates. (A-D) Bright 
field images of iPSCs and RPE cells growing in a 96-well 
plate. (A) iPSCs (28B, C) iPSC-derived RPE seeded at two 
different cell densities (25,000 cells/well and 50,000 cells/ 
well) (D) Primary human fetal RPE (50,000 cells/well). 
(E-H) Results obtained in the multiplex assay. (E,G) Expres 
sion of indicated genes was normalized to geomean of 
HPRT1 and B2M genes. Results are show as fold change in 
gene expression in iPSC-derived RPE seeded at lower cell 
density (white bar) and seeded at higher cell density (black 
bar) normalized either to undifferentiated iPSCs (28E) or to 
the primary fetal RPE (G). (F, H) Pearson's correlation analy 
sis between gene expression results obtained from the qRT 
PCR assay and the results obtained from the multiplex gene 
expression assay performed in 96-well plates. The correlation 
is significant for iPSCs (r–0.687) and highly significant for 
primary RPE cells (r=0.751). 
0038 FIG. 29 is a bar graph showing the sensitivity of 
iPSC-derived RPE cells to various proteotoxic stressors. RPE 
cells differentiated from the reporter iPS cell line were grown 
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in 384-well plates and treated with indicated stressors (conc. 
10 uM). GRP signals were measured four days after the 
treatment. Thapsigargin, A23 187, and 2-Deoxy-D-Glucose 
affected RPE phenotype. 
0039 FIG. 30 is a digital image showing that aphidicolin 
treatment generates polarized retinal pigment epithelia cells. 
The retinal pigment epithelial cells treated with aphidicolon 
treatment have more extensive apical process as compared to 
non-treated cells. 
0040 FIG. 31 is a set of graphs showing that aphidicolin 
treatment improves the function of iPSC derived retinal pig 
ment epithelial cells. RPE cells treated with aphidicolin have 
higher transepithelial resistance, membrane potential, and 
show better physiological responses such as the ability to 
hyperpolarize in response to low potassium concentration or 
ATP application on the apical side. 
0041 FIGS. 32A-32D are digital images showing alginate 
coating enhances cell viability and reduces cell detachment 
during cryopreservation. Cell death assessed by ethidium 
homodimer-1 staining (grey). (A) Monolayer cryopreserved 
without alginate treatment using CRYOSTORR) CS10 solu 
tion. (B) Monolayer cryopreserved with alginate coating 
using CRYOSTORR) CS10 solution. (C) Monolayer cryopre 
served withoutalginate coating using 10% DMSO media. (D) 
Monolayer cryopreserved with alginate coating using 10% 
DMSO media. 
0042 FIGS. 33A-33E are a set of digital images showing 
the protocol for growing iPSC-derived RPE on an artificial 
biodegradable scaffold using a SNAPWELLTM system. 
0043 FIGS. 34A-34B are digital images showing pig 
mentation following culture of iPSCs in 10% (A) or 1.5% 
KOSR in RDM for the first 3 weeks of the differentiation 
protocol and photographed after 16 weeks in culture. 
0044 FIG.35A-35G show the proof of principle for mul 
tiplex gene expression assay in 384-well plates. Bright field 
images of iPSC-derived RPE (A, B) and human fetal RPE (C, 
D) seeded at two different cell densities growing in 384-well 
plates. (E,G) Fold change in gene expression in iPSC-derived 
RPE seeded at lower cell density (white bar) and seeded at 
higher cell density (black bar) normalized to the higher cell 
density of primary fetal RPE. Expression of indicated genes 
was normalized to geomean of HPRT1 and B2M housekeep 
ing genes. Almost identical results were obtained with high 
bead number (E) and low bead number (G). Pearson's corre 
lation analysis shows a very high correlation between results 
obtained from the qRT-PCR assay and the results obtained 
from 384-well multiplex gene expression assay. The coeffi 
cient values are r–0.908 and r–0.891 respectively for differ 
ent number of beads. 
004.5 FIGS. 36A-36F show the detection range of probes 
used for the multiplex assay. Four fold serial dilution of (A) 
purified human RPE, (B) iPSCs, (C) iPSC-derived RPE (low 
density), (D) iPSC-derived RPE (high density), (E) primary 
fetal RPE (low density), and (F) primary fetal RPE (high 
density) were used to determine range of detection of probe 
sets used for the multiplex assay. R2 value for each probe was 
more than 0.9 suggesting a linear range of detection over 
16-fold dilution of the lysates. 

SEQUENCES 
0046. The nucleic and amino acid sequences are shown 
using standard letter abbreviations for nucleotide bases, and 
one or three letter code for amino acids, as defined in 37 
C.F.R. 1.822. Only one strand of each nucleic acid sequence 
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is shown, but the complementary Strand is understood as 
included by any reference to the displayed strand. 
0047 SEQ ID NO: 1 is the nucleic acid sequence of an 
exemplary human tyrosinase enhancer. 
0048 SEQID NO: 2 is an exemplary promoter sequence. 

DETAILED DESCRIPTION OF SEVERAL 
EMBODIMENTS 

0049 High efficiency methods for producing retinal pig 
ment epithelial cells from induced pluripotent stem cells (iP 
SCs) are disclosed herein. The iPSCs are produced from 
Somatic cells, including retinal pigment epithelial cells, such 
as fetal retinal pigment epithelial stem cells. In some embodi 
ments, the cells are human. 
0050. The methods disclosed herein are used to produce 
large numbers of differentiated RPE cells for use in screening 
assays, to study the basic biology of the RPE, and as thera 
peutics. The RPE cells can include a tyrosinase enhancer 
operably linked to a nucleic acid encoding a marker. In some 
embodiments, RPE cells produced using the methods dis 
closed herein can be formulated and used to treat retinal 
degenerative diseases. Thus, compositions are disclosed that 
include RPE cells, including substantially purified prepara 
tions of RPE cells. Screening assays are also disclosed for the 
identification of agents that modulate RPE cell proliferation 
and/or alter RPE cell differentiation. Agents identified using 
Such screening assays may be used in vitro or in vivo. 

Terms 

0051. Unless otherwise noted, technical terms are used 
according to conventional usage. Definitions of common 
terms in molecular biology may be found in Benjamin Lewin, 
Genes V, published by Oxford University Press, 1994 (ISBN 
0-19-854287-9); Kendrew et al. (eds.). The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 
0.052. In order to facilitate review of the various embodi 
ments of this disclosure, the following explanations of spe 
cific terms are provided: 
0053 Activin: Members of the transforming growth factor 
beta (TGF-beta) superfamily which participate in regulation 
of several biological processes, including cell differentiation 
and proliferation. Activin A is a member of this family that 
mediates its biological effects through a complex of trans 
membrane receptor serine/threonine kinases, and binds to 
specific Activin A receptors. It is a dimer composed of two 
Subunits. Activin A participates in regulation of stem cell 
maintenance, via SMAD-dependent activation transcription 
of marker of pluripotency like POU class 5 homeobox 1 
(Oct-3/4), nanog, nodal, and nodal-signaling regulators, Left 
right determination factor 1 and 2 (Lefty-B and Lefty-A). 
Activin A also stimulates transcription of several hormones 
Such as Gonadotropin-releasing hormone. An exemplary 
sequence for Activin A is provided in GENBANKR Acces 
Sion No. NM 002192. 
0054 Agent: Any protein, nucleic acid molecule (includ 
ing chemically modified nucleic acids), compound, Small 
molecule, organic compound, inorganic compound, or other 
molecule of interest. Agent can include a therapeutic agent, a 
diagnostic agent or a pharmaceutical agent. A therapeutic or 
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pharmaceutical agent is one that alone or together with an 
additional compound induces the desired response (such as 
inducing a therapeutic or prophylactic effect when adminis 
tered to a subject). 
0055 Agonist or Inducer: An agent that binds to a receptor 
of a cell or a ligand of such a receptor and triggers a response 
by that cell, often mimicking the action of a naturally occur 
ring Substance. In one embodiment, a Frizzled (FZd) agonist 
binds to a FZd receptor and potentiates or enhances the Wnt/ 
beta-catenin signaling pathway. 
0056 Alter: A change in an effective amount of a sub 
stance or parameter of interest, such as a polynucleotide, 
polypeptide or a property of a cell. An alteration in polypep 
tide or polynucleotide or enzymatic activity can affect a 
physiological property of a cell. Such as the differentiation, 
proliferation, or senescence of the cell. The amount of the 
Substance can be changed by a difference in the amount of the 
substance produced, by a difference in the amount of the 
substance that has a desired function, or by a difference in the 
activation of the Substance. The change can be an increase or 
a decrease. The alteration can be in vivo or in vitro. In several 
embodiments, altering is at least about a 50%, 60%, 70%, 
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% increase or 
decrease in the effective amount (level) of a substance, the 
proliferation and/or survival of a cells, or the activity of a 
protein, Such as an enzyme. 
0057 Amplification: of a nucleic acid molecule (e.g., a 
DNA or RNA molecule) refers to use of a technique that 
increases the number of copies of a nucleic acid molecule in 
a sample. An example of amplification is polymerase chain 
reaction (PCR), in which a sample is contacted with a pair of 
oligonucleotide primers under conditions that allow for the 
hybridization of the primers to a nucleic acid template in the 
sample. The primers are extended under Suitable conditions, 
dissociated from the template, re-annealed, extended, and 
dissociated to amplify the number of copies of the nucleic 
acid. The product of amplification can be characterized by 
electrophoresis, restriction endonuclease cleavage patterns, 
oligonucleotide hybridization or ligation, and/or nucleic acid 
sequencing using standard techniques. 
0.058 Other examples of amplification include quantita 
tive real-time polymerase chain reaction (qPCR), Strand dis 
placement amplification, as disclosed in U.S. Pat. No. 5,744, 
311; transcription-free isothermal amplification, as disclosed 
in U.S. Pat. No. 6,033,881; repair chain reaction amplifica 
tion, as disclosed in PCT publication WO 90/01069; ligase 
chain reaction amplification, as disclosed in European patent 
publication EP-A-320,308; gap filling ligase chain reaction 
amplification, as disclosed in U.S. Pat. No. 5,427,930; and 
NASBA RNA transcription-free amplification, as disclosed 
in U.S. Pat. No. 6,025,134. 
0059 Animal: Living multi-cellular vertebrate organisms, 
a category that includes, for example, mammals and birds. 
The term mammal includes both human and non-human 
mammals. Similarly, the term “subject' includes both human 
and Veterinary Subjects, for example, non-human primates, 
dogs, cats, horses, rabbits, pigs, mice, rats, and cows. 
0060 Antagonist or Inhibitor: An agent that blocks or 
dampens a biochemical or biological response when bound to 
a receptor or a ligand of the receptor. Antagonists mediate 
their effects through receptor interactions by preventing ago 
nist-induced responses. In one embodiment, a Frizzled (Fzd) 
antagonist binds to a FZd receptor or to a FZd ligand (such as 
Wnt) and inhibits the Wnt/beta-catenin signaling pathway. 
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0061 Antibody: A polypeptide ligand comprising at least 
a light chain or heavy chain immunoglobulin variable region 
which specifically recognizes and binds an epitope of an 
antigen. Antibodies are composed of a heavy and a light 
chain, each of which has a variable region, termed the variable 
heavy (V) region and the variable light (V) region. 
Together, the VH region and the V, region are responsible for 
binding the antigen recognized by the antibody. 
0062 Antibodies include intact immunoglobulins and the 
variants and portions of antibodies well known in the art, Such 
as Fab fragments, Fab' fragments, F(ab')2 fragments, single 
chain Fv proteins (“scFv'), and disulfide stabilized FV pro 
teins (“dsFv'). A schv protein is a fusion protein in which a 
light chain variable region of an immunoglobulin and a heavy 
chain variable region of an immunoglobulin are bound by a 
linker, while indsFVs, the chains have been mutated to intro 
duce a disulfidebond to stabilize the association of the chains. 
The term also includes genetically engineered forms such as 
chimeric antibodies (for example, humanized murine anti 
bodies), heteroconjugate antibodies (such as, bispecific anti 
bodies). See also, Pierce Catalog and Handbook, 1994-1995 
(Pierce Chemical Co., Rockford, Ill.); Kuby, J., Immunology, 
3. Ed., W. H. Freeman & Co., New York, 1997. 
0063 Typically, a naturally occurring immunoglobulin 
has heavy (H) chains and light (L) chains interconnected by 
disulfide bonds. There are two types of light chain, lambda (W) 
and kappa (k). There are five main heavy chain classes (or 
isotypes) which determine the functional activity of an anti 
body molecule: IgM, Ig), IgG, IgA and IgE. 
0064 Differentiation: Refers to the process whereby rela 

tively unspecialized cells (such as embryonic stem cells or 
other stem cells) acquire specialized structural and/or func 
tional features characteristic of mature cells. Similarly, “dif 
ferentiate' refers to this process. Typically, during differen 
tiation, cellular structure alters and tissue-specific proteins 
appear. 
0065 Embryoid Bodies: Three-dimensional aggregates of 
pluripotent stem cells. These cells can undergo differentiation 
into cells of the endoderm, mesoderm and ectoderm. In con 
trast to monolayer cultures, the spheroid structures that are 
formed when pluripotent stem cells aggregate enables the 
non-adherent culture of EBs in suspension, which is useful 
for bioprocessing approaches. The three-dimensional struc 
ture, including the establishment of complex cell adhesions 
and paracrine signaling within the EB microenvironment, 
enables differentiation and morphogenesis. 
0066 Embryo: A cellular mass obtained by one or more 
divisions of a Zygote oran activated oocyte with an artificially 
reprogrammed nucleus without regard to whether it has been 
implanted into a female. A “morula” is the preimplantation 
embryo 3-4 days after fertilization, when it is a solid mass, 
generally composed of 12-32 cells (blastomeres). A “blasto 
cyst” refers to a preimplantation embryo in placental mam 
mals (about 3 days after fertilization in the mouse, about 5 
days after fertilization in humans) of about 30-150 cells. The 
blastocyst stage follows the morula stage, and can be distin 
guished by its unique morphology. The blastocystis generally 
a sphere made up of a layer of cells (the trophectoderm), a 
fluid-filled cavity (the blastocoel or blastocyst cavity), and a 
cluster of cells on the interior (the inner cell mass, ICM). The 
ICM, consisting of undifferentiated cells, gives rise to what 
will become the fetus if the blastocystis implanted in a uterus. 
0067 Embryonic stem cells: Embryonic cells derived 
from the inner cell mass of blastocysts or morulae, optionally 
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that have been serially passaged as cell lines. The term 
includes cells isolated from one or more blastomeres of an 
embryo, preferably without destroying the remainder of the 
embryo. The term also includes cells produced by somatic 
cell nuclear transfer. “Human embryonic stem cells’ (hES 
cells) includes embryonic cells derived from the inner cell 
mass of human blastocysts or morulae, optionally that have 
been serially passaged as cell lines. The hES cells may be 
derived from fertilization of an egg cell with sperm or DNA, 
nuclear transfer, parthenogenesis, or by means to generate 
hES cells with homozygosity in the HLA region. Human ES 
cells can be produced or derived from a Zygote, blastomeres, 
or blastocyst-staged mammalian embryo produced by the 
fusion of a sperm and egg cell, nuclear transfer, parthenogen 
esis, or the reprogramming of chromatin and Subsequent 
incorporation of the reprogrammed chromatin into a plasma 
membrane to produce an embryonic cell. Human embryonic 
stem cells include, but are not limited to, MA01, MAO9, 
ACT-4, No. 3, H1, H7, H9, H14 and ACT30 embryonic stem 
cells. Human embryonic stem cells, regardless of their source 
or the particular method use to produce them, can be identi 
fied based on (i) the ability to differentiate into cells of all 
three germ layers, (ii) expression of at least Oct-4 and alkaline 
phosphatase, and (iii) ability to produce teratomas when 
transplanted into immunocompromised animals. 
0068 Expand: A process by which the number or amount 
of cells in a cell culture is increased due to cell division. 
Similarly, the terms "expansion” or “expanded refers to this 
process. The terms “proliferate.” “proliferation” or “prolifer 
ated may be used interchangeably with the words “expand.” 
“expansion’, or “expanded. Typically, during an expansion 
phase, the cells do not differentiate to form mature cells, but 
divide to form more cells. 
0069 Expression: The process by which the coded infor 
mation of a gene is converted into an operational, non-opera 
tional, or structural part of a cell. Such as the synthesis of a 
protein. Gene expression can be influenced by external sig 
nals. For instance, exposure of a cell to a hormone may 
stimulate expression of a hormone-induced gene. Different 
types of cells can respond differently to an identical signal. 
Expression of a gene also can be regulated anywhere in the 
pathway from DNA to RNA to protein. Regulation can 
include controls on transcription, translation, RNA transport 
and processing, degradation of intermediary molecules Such 
as mRNA, or through activation, inactivation, compartmen 
talization or degradation of specific protein molecules after 
they are produced. 
0070 Feeder layer: Non-proliferating cells (such as irra 
diated cells) that can be used to support proliferation of stem 
cells. Protocols for the production offeeder layers are known 
in the art, and are available on the internet, such as at the 
National StemCell Resource website, which is maintained by 
the American Type Culture Collection (ATCC). 
0071 Fetus: A developing mammal at an embryonic stage 
before birth. In humans, the fetal stage of prenatal develop 
ment starts at the beginning of the 9th week after fertilization. 
In human eyes and RPE are already formed at 4 weeks from 
conception. RPE continues to mature for next several weeks. 
(0072 Fibroblast growth factor (FGF): Any suitable fibro 
blast growth factor, derived from any animal, and functional 
fragments thereof. Such as those that bind the receptor and 
induce biological effects related to activation of the receptor. 
A variety of FGFs are known and include, but are not limited 
to, FGF-1 (acidic fibroblast growth factor), FGF-2 (basic 
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fibroblast growth factor, bFGF), FGF-3 (int-2), FGF-4 (hst/ 
K-FGF), FGF-5, FGF-6, FGF-7, FGF-8, FGF-9 and FGF-98. 
“FGF refers to a fibroblast growth factor protein such as 
FGF-1, FGF-2, FGF-4, FGF-6, FGF-8, FGF-9 or FGF-98, or 
a biologically active fragment or mutant thereof. The FGF can 
be from any animal species. In one embodiment, the FGF is 
mammalian FGF, including but not limited to, rodent, avian, 
canine, bovine, porcine, equine and human. The amino acid 
sequences and method for making many of the FGFs are well 
known in the art. 
0073. The amino acid sequence of human bFGF and meth 
ods for its recombinant expression are disclosed in U.S. Pat. 
No. 5,439,818, herein incorporated by reference. The amino 
acid sequence of bovine bFGF and various methods for its 
recombinant expression are disclosed in U.S. Pat. No. 5,155, 
214, also herein incorporated by reference. When the 146 
residue forms are compared, their amino acid sequences are 
nearly identical, with only two residues that differ. Recombi 
nant bFGF-2, and other FGFs, can be purified to pharmaceu 
tical quality (98% or greater purity) using the techniques 
described in detail in U.S. Pat. No. 4,956,455. 
0074 An FGF inducer includes an active fragment of FGF. 
In its simplest form, the active fragment is made by the 
removal of the N-terminal methionine, using well-known 
techniques for N-terminal methionine removal. Such as a 
treatment with a methionine aminopeptidase. A second desir 
able truncation includes an FGF without its leader sequence. 
Those skilled in the art recognize the leader sequence as the 
series of hydrophobic residues at the N-terminus of a protein 
that facilitate its passage through a cell membrane but that are 
not necessary for activity and that are not found on the mature 
protein. Human and murine bFGF are commercially avail 
able. 
0075 Frizzled (Fzd): A family of seven-pass transmem 
brane mammalian proteins that have characteristics of G-pro 
tein-coupled receptors and that bind proteins of the Wnt fam 
ily of lipoglycoproteins, secreted Frizzled-related proteins 
(sERPs), R-spondin, and Norrin and activates downstream 
signaling. Frizzled proteins (also referred to as Frizzled 
receptors) contain a cysteine-rich domain (CRD) that binds 
its cognate ligands, a carboxy terminal PDZ (Psd-95/disc 
large/ZO-1 homologous)-binding domain, and various con 
sensus sites for serine/threonine kinases and tyrosine kinases 
Amino acid hydropathy analysis indicates that the Frizzled 
proteins contain one extracellular amino terminus, three 
extracellular protein loops, three intracellular protein loops, 
and an intracellular carboxy terminus 
0076 Frizzled proteins have an important regulatory role 
during embryonic development and have also been associ 
ated, in humans and in animal models, with a number of 
diseases, including various cancers, cardiac hypertrophy, 
familial exudative vitreoretinopathy, and Schizophrenia. 
0077. There are at least 10 mammalian Frizzled proteins 
and the genes encoding the mammalian Frizzled proteins are 
related to the Drosophila frizzled genes. The human Frizzled 
proteins include Frizzledl (FZd 1: GENBANKR Accession 
No. AB017363), Frizzled2 (FZd2: GENBANKR Accession 
Nos. L37882/NM 001466), Frizzled3 (Fzd3: GENBANKR) 
Accession No. AJ272427), Frizzled4 (Fzd4: GENBANKR) 
Accession No. AB032417), Frizzled5 (FZdS: GENBANKR) 
Accession No. U43318), Frizzled6 (Fzd6: GENBANKR) 
Accession No. AB012911), Frizzled? (Fzd7: GENBANKR) 
Accession No. AB010881), Frizzled8 (Fzd8: GENBANKR) 
Accession No. AB043703), Frizzled9 (Fzd9: GENBANKR) 
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Accession Nos. U82169/NM 003508) and Frizzled 10 
(FZd 10: GENBANKRAccession No. AB027464). All of the 
GENBANKR entries are incorporated herein by reference as 
available on Jan. 1, 2013. 
0078 Growth factor: A substance that promotes cell 
growth, survival, and/or differentiation. Growth factors 
include molecules that function as growth stimulators (mito 
gens), factors that stimulate cell migration, factors that func 
tion as chemotactic agents or inhibit cell migration or inva 
sion of tumor cells, factors that modulate differentiated 
functions of cells, factors involved in apoptosis, or factors that 
promote Survival of cells without influencing growth and 
differentiation. Examples of growth factors are a fibroblast 
growth factor (such as FGF-2), epidermal growth factor 
(EGF), cilliary neurotrophic factor (CNTF), and nerve 
growth factor (NGF), and actvin-A. 
0079 Growth medium or expansion medium: A synthetic 
set of culture conditions with the nutrients necessary to Sup 
port the growth (cell proliferation/expansion) of a specific 
population of cells. In one embodiment, the cells are stem 
cells, such as iPSCs. Growth media generally include a car 
bon Source, a nitrogen Source and a buffer to maintain pH. In 
one embodiment, growth medium contains a minimal essen 
tial media, such as DMEM, supplemented with various nutri 
ents to enhance stem cell growth. Additionally, the minimal 
essential media may be supplemented with additives Such as 
horse, calf or fetal bovine serum. 
0080 Host cells: Cells in which a vector can be propagated 
and its DNA expressed. The cell may be prokaryotic or 
eukaryotic. The term also includes any progeny of the Subject 
host cell. It is understood that all progeny may not be identical 
to the parental cell since there may be mutations that occur 
during replication. However, Such progeny are included when 
the term "host cell' is used. 
I0081) Isolated: An "isolated biological component, such 
as a nucleic acid, protein or organelle that has been Substan 
tially separated or purified away from other biological com 
ponents in the environment (such as a cell) in which the 
component naturally occurs, i.e., chromosomal and extra 
chromosomal DNA and RNA, proteins and organelles. 
Nucleic acids and proteins that have been "isolated include 
nucleic acids and proteins purified by Standard purification 
methods. The term also embraces nucleic acids and proteins 
prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids and proteins. Similarly, 
an "isolated cell has been substantially separated, produced 
apart from, or puified away from other cells of the organism in 
which the cell naturally occurs. Isolated cells can be, for 
example, at least 99%, at leat 98%, at least 97%, at least 96%, 
95%, at least 94%, at least 93%, at least 92%, aor at least 90% 
pure. 

0082 Mammal: This term includes both human and non 
human mammals. Examples of mammals include, but are not 
limited to: humans and Veterinary and laboratory animals, 
Such as pigs, cows, goats, cats, dogs, rabbits and mice. 
I0083 Marker or Label: An agent capable of detection, for 
example by ELISA, spectrophotometry, flow cytometry, 
immunohistochemistry, immunofluorescence, microscopy, 
Northern analysis or Southern analysis. For example, a 
marker can be attached to a nucleic acid molecule or protein, 
thereby permitting detection of the nucleic acid molecule or 
protein. Examples of markers include, but are not limited to, 
radioactive isotopes, nitorimidazoles, enzyme Substrates, co 
factors, ligands, chemiluminescent agents, fluorophores, 
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haptens, enzymes, and combinations thereof. Methods for 
labeling and guidance in the choice of markers appropriate for 
various purposes are discussed for example in Sambrooketal. 
(Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor, N.Y., 1989) and Ausubel et al. (In Current Protocols in 
Molecular Biology, John Wiley & Sons, New York, 1998). 
0084. In some embodiments, the marker is a fluorophore 
(“fluorescent label'). Fluorophores are chemical compounds, 
which when excited by exposure to a particular wavelength of 
light, emits light (i.e., fluoresces), for example at a different 
wavelength. Fluorophores can be described in terms of their 
emission profile, or “color.” Green fluorophores, for example 
Cy3, FITC, and Oregon Green, are characterized by their 
emission at wavelengths generally in the range of 515-540 w. 
Red fluorophores, for example Texas Red, Cy5 and tetram 
ethylrhodamine, are characterized by their emission at wave 
lengths generally in the range of 590-690. In other embodi 
ments, the marker is a protein tag recognized by an antibody, 
for example a histidine (His)-tag, a hemagglutinin (HA)-tag. 
or a c-Myc-tag. 
0085 Membrane potential: The electrical potential of the 
interior of the cell with respect to the environment, such as an 
external bath solution. One of skill in the art can readily assess 
the membrane potential of a cell. Such as by using conven 
tional whole cell techniques. The membrane potential can be 
assessed using many approaches, such as using conventional 
whole cell access, or using, for example, perforated-patch 
whole-cell and cell-attached configurations. 
I0086 MicroRNA (miRNA): A single-stranded RNA mol 
ecule, which regulates gene expression. miRNAS are encoded 
by genes from whose DNA they are transcribed but m1 RNAs 
are not translated into protein; instead each primary transcript 
(a pri-miRNA) is processed into a short stem-loop structure 
called a pre-miRNA and finally into a functional miRNA. 
Mature miRNA molecules are either fully or partially 
complementary to one or more messenger RNA (mRNA) 
molecules, and their main function is to down-regulate gene 
expression. MicroRNAs can be encoded by independent 
genes, but also be processed (via the enzyme Dicer) from a 
variety of different RNA species, including introns, 3' UTRs 
of mRNAs, long noncoding RNAs, snoRNAs and trans 
posons. As used herein, microRNAs also include "mimic' 
microRNAs which are intended to mean a microRNA exog 
enously introduced into a cell that have the same or Substan 
tially the same function as their endogenous counterpart. 
I0087 Nodal: A secretory protein encoded by the NODAL 
gene that belongs to the Transforming Growth Factor (TGF 
beta) superfamily. During embryonic development, the left 
right (LR) asymmetry of visceral organs in Vertebrates is 
established through nodal signaling. Nodal is expressed in the 
left side of the organism in early development and it is highly 
conserved among deuterostomes. Exemplary Nodal 
sequences can be found as GENBANKR Accession Nos. 
NM 018055.4 and NP 060525.3, Jan. 6, 2013, which are 
incorporated by reference herein. 
0088 Nucleic acid: A polymer composed of nucleotide 
units (ribonucleotides, deoxyribonucleotides, related natu 
rally occurring structural variants, and synthetic non-natu 
rally occurring analogs thereof) linked via phosphodiester 
bonds, related naturally occurring structural variants, and 
synthetic non-naturally occurring analogs thereof. Thus, the 
term includes nucleotide polymers in which the nucleotides 
and the linkages between them include non-naturally occur 
ring synthetic analogs, such as, for example and without 
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limitation, phosphorothioates, phosphoramidates, methyl 
phosphonates, chiral-methylphosphonates, 2-O-methyl ribo 
nucleotides, peptide-nucleic acids (PNAS), and the like. Such 
polynucleotides can be synthesized, for example, using an 
automated DNA synthesizer. It will be understood that when 
a nucleotide sequence is represented by a DNA sequence (i.e., 
A, T, G, C), this also includes an RNA sequence (i.e., A., U.G., 
C) in which “U” replaces “T” 
0089. "Nucleotide' includes, but is not limited to, a mono 
mer that includes a base linked to a Sugar. Such as a pyrimi 
dine, purine or synthetic analogs thereof, or a base linked to 
an amino acid, as in a peptide nucleic acid (PNA). A nucle 
otide is one monomer in a polynucleotide. A nucleotide 
sequence refers to the sequence of bases in a polynucleotide. 
0090 Conventional notation is used herein to describe 
nucleotide sequences: the left-hand end of a single-stranded 
nucleotide sequence is the 5'-end; the left-hand direction of a 
double-stranded nucleotide sequence is referred to as the 
5'-direction. The direction of 5' to 3' addition of nucleotides to 
nascent RNA transcripts is referred to as the transcription 
direction. The DNA strand having the same sequence as an 
mRNA is referred to as the “coding strand;” sequences on the 
DNA strand having the same sequence as an mRNA tran 
scribed from that DNA and which are located 5' to the 5'-end 
of the RNA transcript are referred to as “upstream 
sequences: sequences on the DNA strand having the same 
sequence as the RNA and which are 3' to the 3' end of the 
coding RNA transcript are referred to as “downstream 
sequences.” 
(0091) “cDNA refers to a DNA that is complementary or 
identical to an mRNA, in either single stranded or double 
stranded form. 
0092 “Encoding refers to the inherent property of spe 
cific sequences of nucleotides in a polynucleotide. Such as a 
gene, a cDNA, or an mRNA, to serve as templates for Syn 
thesis of other polymers and macromolecules in biological 
processes having eithera defined sequence of nucleotides (for 
example, rRNA, tRNA and mRNA) or a defined sequence of 
amino acids and the biological properties resulting therefrom. 
Thus, a gene encodes a protein if transcription and translation 
of mRNA produced by that gene produces the protein in a cell 
or other biological system. Both the coding Strand, the nucle 
otide sequence of which is identical to the mRNA sequence 
and is usually provided in sequence listings, and non-coding 
Strand, used as the template for transcription, of a gene or 
cDNA can be referred to as encoding the protein or other 
product of that gene or cDNA. Unless otherwise specified, a 
“nucleotide sequence encoding an amino acid sequence' 
includes all nucleotide sequences that are degenerate versions 
of each other and that encode the same amino acid sequence. 
Nucleotide sequences that encode proteins and RNA may 
include introns. In some examples, a nucleic acid encodes a 
disclosed antigen. 
(0093. Noggin: A protein which is encoded by the NOG 
gene. Noggin inhibits TGF-B signal transduction by binding 
to TGF-3 family ligands and preventing them from binding to 
their corresponding receptors. Noggin plays a key role in 
neural induction by inhibiting BMP4, along with other 
TGF-B signaling inhibitors such as chordin and follistatin. 
Exemplary sequences for Noggin are GENBANKR Acces 
sion Nos. NP 005441.1 and NM 005450.4, Jan. 13, 2013, 
which are incorporated herein by reference. 
(0094 Oct.-4: A protein also known as POU5-F1 or 
MGC22487 or OCT3 or OCT4 or OTF3 or OTF4, that is the 



US 2015/0368713 A1 

gene product of the Oct-4 gene. The term includes Oct-4 from 
any species or source and includes analogs and fragments or 
portions of Oct-4 that retain the ability to be used for the 
production of iPSCs. The Oct-4 protein may have any of the 
known published sequences for Oct-4 which can be obtained 
from public sources such as GENBANKR). An example of 
such a sequence includes, but is not limited to, GENBANKR) 
Accession No. NM 002701. 
0095 Operably linked: A first nucleic acid sequence is 
operably linked with a second nucleic acid sequence when the 
first nucleic acid sequence is placed in a functional relation 
ship with the second nucleic acid sequence. For instance, a 
promoter is operably linked to a coding sequence if the pro 
moter affects the transcription or expression of the coding 
sequence. Generally, operably linked DNA sequences are 
contiguous and, where necessary to join two protein-coding 
regions, in the same reading frame. 
0096 Pharmaceutically acceptable carriers: Conventional 
pharmaceutically acceptable carriers are useful for practicing 
the methods and forming the compositions disclosed herein. 
Remington's Pharmaceutical Sciences, by E. W. Martin, 
Mack Publishing Co., Easton, Pa., 15th Edition, 1975, 
describes examples of compositions and formulations Suit 
able for pharmaceutical delivery of the antimicrobial com 
pounds herein disclosed. 
0097. In general, the nature of the carrier will depend on 
the particular mode of administration being employed. For 
example, parenteral formulations usually comprise injectable 
fluids that include pharmaceutically and physiologically 
acceptable fluids Such as water, physiological saline, bal 
anced salt Solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For Solid compositions (e.g., powder, pill, tablet, or 
capsule forms), conventional non-toxic solid carriers can 
include, for example, pharmaceutical grades of mannitol, 
lactose, starch, or magnesium Stearate. In addition to biologi 
cally neutral carriers, pharmaceutical compositions to be 
administered can contain minor amounts of non-toxic auxil 
iary Substances. Such as wetting or emulsifying agents, pre 
servatives, and pH buffering agents and the like, for example 
Sodium acetate or Sorbitan monolaurate. 

0098 Pluripotent stem cells: Stem cells that: (a) are 
capable of inducing teratomas when transplanted in immu 
nodeficient (SCID) mice; (b) are capable of differentiating to 
cell types of all three germ layers (e.g., can differentiate to 
ectodermal, mesodermal, and endodermal cell types); and (c) 
express one or more markers of embryonic stem cells (e.g., 
express Oct 4, alkaline phosphatase, SSEA-3 Surface antigen, 
SSEA-4 surface antigen, nanog, TRA-1-60, TRA-1-81, 
SOX2, REX1, etc), but that cannot form an embryo and the 
extraembryonic membranes (are not totipotent). 
0099 Exemplary pluripotent stem cells include embry 
onic stem cells derived from the inner cell mass (ICM) of 
blastocyst stage embryos, as well as embryonic stem cells 
derived from one or more blastomeres of a cleavage stage or 
morula stage embryo (optionally without destroying the 
remainder of the embryo). These embryonic stem cells can be 
generated from embryonic material produced by fertilization 
or by asexual means, including Somatic cell nuclear transfer 
(SCNT), parthenogenesis, and androgenesis. PSCs alone 
cannot develop into a fetal or adult animal when transplanted 
in utero because they lack the potential to contribute to all 
extraembryonic tissue (e.g., placentain vivo or trophoblast in 
vitro). 
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0100 Pluripotent stem cells also include “induced pluri 
potent stem cells (iPSCs) generated by reprogramming a 
Somatic cell by expressing or inducing expression of a com 
bination of factors (herein referred to as reprogramming fac 
tors). iPSCs can be generated using fetal, postnatal, newborn, 
juvenile, or adult Somatic cells. In certain embodiments, fac 
tors that can be used to reprogram Somatic cells to pluripotent 
stem cells include, for example, Oct4 (sometimes referred to 
as Oct 3/4), Sox2, c-Myc, and Klf4, Nanog, and Lin28. In 
Some embodiments. Somatic cells are reprogrammed by 
expressing at least two reprogramming factors, at least three 
reprogramming factors, or four reprogramming factors to 
reprogram a somatic cell to a pluripotent stem cell. iPSCs are 
similar in properties to embryonic stem cells. 
0101 Polypeptide: A polymer in which the monomers are 
amino acid residues that are joined together through amide 
bonds. When the amino acids are alpha-amino acids, either 
the L-optical isomer or the D-optical isomer can be used, the 
L-isomers being preferred in nature. The term polypeptide is 
specifically intended to cover naturally occurring proteins, as 
well as those that are recombinantly or synthetically pro 
duced. 
0102) Substantially purified polypeptide as used herein 
refers to a polypeptide that is substantially free of other pro 
teins, lipids, carbohydrates or other materials with which it is 
naturally associated. In one embodiment, the polypeptide is at 
least 50%, for example at least 80% free of other proteins, 
lipids, carbohydrates or other materials with which it is natu 
rally associated. In another embodiment, the polypeptide is at 
least 90% free of other proteins, lipids, carbohydrates or other 
materials with which it is naturally associated. In yet another 
embodiment, the polypeptide is at least 95% free of other 
proteins, lipids, carbohydrates or other materials with which 
it is naturally associated. 
0103 Conservative amino acid substitution tables provid 
ing functionally similar amino acids are well known to one of 
ordinary skill in the art. The following six groups are 
examples of amino acids that are considered to be conserva 
tive substitutions for one another: 
0104. 1) Alanine (A), Serine (S), Threonine (T): 
0105 2) Aspartic acid (D), Glutamic acid (E); 
0106 3) Asparagine (N). Glutamine (Q); 
0107 4) Arginine (R), Lysine (K); 
0.108 5) Isoleucine (I), Leucine (L), Methionine (M), 
Valine (V); and 
0109 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W). 
0110. A non-conservative amino acid substitution can 
result from changes in: (a) the structure of the amino acid 
backbone in the area of the substitution; (b) the charge or 
hydrophobicity of the amino acid; or (c) the bulk of an amino 
acid side chain. Substitutions generally expected to produce 
the greatest changes in protein properties are those in which: 
(a) a hydrophilic residue is substituted for (or by) a hydro 
phobic residue; (b) a proline is substituted for (or by) any 
other residue; (c) a residue having a bulky side chain, e.g., 
phenylalanine, is Substituted for (or by) one not having a side 
chain, e.g., glycine; or (d) a residue having an electropositive 
side chain, e.g., lysyl, arginyl, or histadyl, is Substituted for 
(or by) an electronegative residue, e.g., glutamyl or aspartyl. 
0111 Variant amino acid sequences may, for example, be 
80, 90 or even 95 or 98% identical to the native amino acid 
sequence. Programs and algorithms for determining percent 
age identity can be found at the NCBI website. 
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0112 Prenatal: Existing or occurring before birth. Simi 
larly, "postnatal is existing or occurring after birth. 
0113 Primers: Short nucleic acid molecules, for instance 
DNA oligonucleotides 10-100 nucleotides in length, such as 
about 15, 20, 25, 30 or 50 nucleotides or more in length. 
Primers can be annealed to a complementary target DNA 
strand (such as a gene listed in Table 1 or Table A, or miRNA 
listed in Table 2) by nucleic acid hybridization to form a 
hybrid between the primer and the target DNA strand. Primer 
pairs can be used for amplification of a nucleic acid sequence, 
such as by PCR or other nucleic acid amplification methods 
known in the art. 
0114 Methods for preparing and using nucleic acid prim 
ers are described, for example, in Sambrooketal. (In Molecu 
lar Cloning: A Laboratory Manual. CSHL, New York, 1989), 
Ausubel et al. (ed.) (In Current Protocols in Molecular Biol 
ogy, John Wiley & Sons, New York, 1998), and Innis et al. 
(PCR Protocols, A Guide to Methods and Applications, Aca 
demic Press, Inc., San Diego, Calif., 1990). PCR primer pairs 
can be derived from a known sequence, for example, by using 
computer programs intended for that purpose such as Primer 
(Version 0.5, (C) 1991, Whitehead Institute for Biomedical 
Research, Cambridge, Mass.). One of ordinary skill in the art 
will appreciate that the specificity of a particular primer 
increases with its length. Thus, for example, a primer includ 
ing 30 consecutive nucleotides of molecule will anneal to a 
target sequence, such as another homolog of the designated 
molecule, with a higher specificity than a corresponding 
primer of only 15 nucleotides. Thus, in order to obtain greater 
specificity, primers can be selected that include at least 20, at 
least 25, at least 30, at least 35, at least 40, at least 45, at least 
50 or more consecutive nucleotides of a nucleic acid sequence 
of interest. 
0115 Primer pairs: Two primers (one “forward' and one 
“reverse') that can be used for amplification of a nucleic acid 
sequence, for example by polymerase chain reaction (PCR) 
or other in vitro nucleic-acid amplification methods. The 
forward and reverse primers of a primer pair do not hybridize 
to overlapping complementary sequences on the target 
nucleic acid sequence. 
0116 Purified: The term “purified' does not require abso 
lute purity; rather, it is intended as a relative term. Thus, for 
example, a purified protein preparation is one in which the 
protein referred to is more pure than the protein in its natural 
environment within a cell. For example, a preparation of a 
protein is purified such that the protein represents at least 50% 
of the total protein content of the preparation. Similarly, a 
purified oligonucleotide preparation is one in which the oli 
gonucleotide is more pure than in an environment including a 
complex mixture of oligonucleotides. A purified population 
of cells is greater than about 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99% or 100% pure, or free other cell 
types. 
0117 Recombinant: A recombinant nucleic acid or 
polypeptide molecule is one that has a sequence that is not 
naturally occurring or has a sequence that is made by an 
artificial combination of two otherwise separated segments of 
sequence. This artificial combination can be accomplished by 
chemical synthesis of polypeptide or nucleic acid molecules, 
or by the artificial manipulation of isolated segments of 
nucleic acid molecules, such as by genetic engineering tech 
niques. 
0118 Retinal pigment epithelial (RPE) cell: RPE cells can 
be recognized based on pigmentation, epithelial morphology, 
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and apical-basal polarized cells. RPE cells express, both at the 
mRNA and protein level, one or more of the following: Pax6. 
MITF, RPE65, CRALBP, PEDF, Bestrophin and/or Otx2. In 
certain other embodiments, the RPE cells express, both at the 
mRNA and protein level, one or more of Pax-6, MitF, and 
tyrosinase. RPE cells do not express (at any detectable level) 
the embryonic stem cell markers Oct-4, nanog, or Rex-1. 
Specifically, expression of these genes is approximately 100 
1000 fold lower in RPE cells than in ES cells or iPSC cells, 
when assessed by quantitative RT-PCR. Differentiated RPE 
cells also can be visually recognized by their cobblestone 
morphology and the initial appearance of pigment. In addi 
tion, differentiated RPE cells have trans epithelial resistance/ 
TER, and trans epithelial potential/TEP across the monolayer 
(TER-100 ohms cm; TEP>2 mV), transport fluid and CO, 
from apical to basal side, and regulate a polarized secretion of 
cytokines. 
0119 The terms “RPE cell” and “differentiated RPE cell” 
and iPSC-derived RPE cell and “human RPE cell are used 
interchangeably throughout to refer to an RPE cell differen 
tiated from a human iPSC using the methods disclosed herein. 
The term is used generically to refer to differentiated RPE 
cells. 

I0120 Retinal Pigment Epithelium: The pigmented layer 
of hexagonal cells, present in vivo in mammals, just outside of 
the neurosensory retinal that is attached to the underlying 
choroid. These cells are densely packed with pigment gran 
ules, and shield the retinal from incoming light. The retinal 
pigment epithelium also serves as the limiting transport factor 
that maintains the retinal environment by Supplying Small 
molecules Such as amino acid, ascorbic acid and D-glucose 
while remaining a tight bather to choroidal blood borne sub 
StanceS. 

I0121 Secreted Frizzled-related protein (sERP): The sRRP 
family of proteins are approximately 32-40 kDa glycopro 
teins that were identified as antagonists of Wnt signaling 
(Rattneret al. (1997) Proc. Natl. Acad. Sci. USA 94:2859-63: 
Melkonyan et al. (1997) Proc. Natl. Acad. Sci. USA 
94:13636-41; Finch et al. (1997) Proc. Natl. Acad. Sci. USA 
94:6770-5; Uren et al. (2000) J. Biol. Chem. 275:4374-82; 
Kawano et al. (2003).J. Cell. Sci. 116:2627-34). In mammals, 
there are five SFRPS. The human SFRPS include SFRP1 
(GENBANKR Accession No. AF001900.1), sRP2 (GEN 
BANKR Accession No. NM 003013.2), sRRP3 (GEN 
BANKR Accession No. U91903.1), sRP4 (GENBANKR 
Accession No. NM 003.014.3), and sPRP5 (GENBANKR) 
Accession No. NM 003015.3), as available on Jan. 1, 2013. 
0.122 The sRRPs contain three structural units: an amino 
terminal signal peptide, a Frizzled type cysteine-rich domain 
(CRD), and a carboxy-terminal netrin (NTR) domain. The 
CRD spans approximately 120 amino acids, contains 10 con 
served cysteine residues, and has 30-50% sequence similarity 
to the CRD of FZd receptors. The metrin domain is defined by 
six cysteine residues and several conserved segments of 
hydrophobic residues and secondary structures. The biologi 
cal activity of slfRPs is largely attributed to their role as 
regulators of Wnt function. 
I0123 Sequence identity: The similarity between two 
nucleic acid sequences or between two amino acid sequences 
is expressed in terms of the level of sequence identity shared 
between the sequences. Sequence identity is typically 
expressed in terms of percentage identity; the higher the 
percentage, the more similar the two sequences. 
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012.4 Methods for aligning sequences for comparison are 
well known in the art. Various programs and alignment algo 
rithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 
48:443, 1970: Pearson and Lipman, Proc. Natl. Acad. Sci. 
USA 85:2444, 1988: Higgins and Sharp, Gene 73:237-244, 
1988: Higgins and Sharp, CABIOS 5:151-153, 1989; Corpet 
et al., Nucleic Acids Research 16:10881-10890, 1988; Huang, 
et al., Computer Applications in the Biosciences 8:155-165, 
1992: Pearson et al., Methods in Molecular Biology 24:307 
331, 1994; Tatiana et al., (1999), FEMS Microbiol. Lett., 
174:247-250, 1999. Altschul et al. present a detailed consid 
eration of sequence-alignment methods and homology calcu 
lations (J. Mol. Biol. 215:403-410, 1990). 
0.125. The National Center for Biotechnology Information 
(NCBI) Basic Local Alignment Search Tool (BLASTTM, 
Altschulet al. J. Mol. Biol. 215:403-410, 1990) is available 
from several sources, including the National Center for Bio 
technology Information (NCBI, Bethesda, Md.) and on the 
Internet, for use in connection with the sequence-analysis 
programs blastp, blastin, blastX, thlastn and thlastX. A descrip 
tion of how to determine sequence identity using this program 
is available on the internet under the help section for 
BLASTTM. 

0126 Sonic hedgehog (SHH): Sonic hedgehog (SHH) is 
one of three mammalian homologs of the Drosophila hedge 
hog signaling molecule and is expressed at high levels in the 
notochord and floor plate of developing embryos. SHH is 
known to play a key role in neuronal tube patterning (Echer 
lard et al., Cell 75:1417-30, 1993), the development of limbs, 
somites, lungs and skin. Moreover, overexpression of SHH 
has been found in basal cell carcinoma. Exemplary amino 
acid sequences of SHH is set forth in U.S. Pat. No. 6,277.820. 
An exemplary sequence for human Sonic is set forth as GEN 
BANKAccession No. NG 007504.1 (Jan. 1, 2013), which is 
incorporated by reference herein. 
0127 Subject: An animal or human subjected to a treat 
ment, observation or experiment. 
0128 Totipotent or totipotency: A cell's ability to divide 
and ultimately produce an entire organism including all 
extraembryonic tissues in vivo. In one aspect, the term “toti 
potent” refers to the ability of the cell to progress through a 
series of divisions into a blastocyst in vitro. The blastocyst 
comprises an inner cell mass (ICM) and a trophectoderm. The 
cells found in the ICM give rise to pluripotent stem cells 
(PSCs) that possess the ability to proliferate indefinitely, or if 
properly induced, differentiate in all cell types contributing to 
an organism. Trophectoderm cells generate extra-embryonic 
tissues, including placenta and amnion. 
0129 Treatment: Therapeutic measures that cure, slow 
down, lessen symptoms of and/or halt progression of a diag 
nosed pathologic condition or disorder. In certain embodi 
ments, treating a subject with a retinal disorder results in a 
decline in the deterioration of the retinal; an increase in the 
number of retinal pigment epithelial cells, an improvement in 
vision, or some combination of effects. 
0130 Tyrosinase: A copper-containing oxidase that cata 
lyzes the production of melanin and other pigments from 
tyrosine by oxidation. This enzyme is the rate limiting 
enzyme for controlling the production of melanin. Tyrosinase 
acts in the the hydroxylation of a monophenol and, the con 
version of an o-diphenol to the corresponding o-quinone. 
o-Quinone undergoes several reactions to eventually form 
melanin. In humans, the tyrosinase enzyme is encoded by the 
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TYR gene. Exemplary amino acid and nucleic acid sequences 
are set forth in GENEBANKOR) Accession Nos. NM 000372.4 
(human) and NM 011661.4 (mouse), Jan. 5, 2013, and 
which are incorporated by reference herein. 
I0131 Undifferentiated: Cells that display characteristic 
markers and morphological characteristics of undifferenti 
ated cells, distinguishing them from differentiated cells of 
embryo or adult origin. Thus, in some embodiments, undif 
ferentiated cells do not express cell lineage specific markers, 
including, but no limited to, RPE markers. 
(0132 Vector: A nucleic acid molecule as introduced into a 
host cell, thereby producing a transformed host cell. A vector 
may include nucleic acid sequences that permit it to replicate 
in a host cell. Such as an origin of replication. A vector may 
also include one or more selectable marker genes and other 
genetic elements known in the art. A vector may also include 
a sequence encoding for an amino acid motif that facilitates 
the isolation of the desired protein product such as a sequence 
encoding maltose binding protein, c-myc, or GST. 
0.133 Wnt: A family of highly conserved secreted signal 
ing molecules that regulate cell-to-cell interactions and are 
related to the Drosophila segment polarity gene, wingless. In 
humans, the Wnt family of genes encodes 38 to 43 kDa 
cysteine rich glycoproteins. The Wnt proteins have a hydro 
phobic signal sequence, a conserved asparagine-linked oli 
gosaccharide consensus sequence (see e.g., Shimizuetal Cell 
Growth Differ 8:1349-1358 (1997)) and 22 conserved cys 
teine residues. Because of their ability to promote stabiliza 
tion of cytoplasmic beta-catenin, Wnt proteins can act as 
transcriptional activators and inhibit apoptosis. Overexpres 
sion of particular Wnt proteins has been shown to be associ 
ated with certain cancers. 

I0134. The Wnt family contains at least 19 mammalian 
members. Exemplary Wnt proteins include Wnt-1, Wnt-2, 
Wnt2b, Wnt-3, Wnt-3a, Wnt-4, Wnt-5a, Wnt5b, Wnt-6, Wnt 
7a, Wnt-7b, Wnt-8a, Wnt-8b, Wnt9a, Wnt9b, Wnt10a, Wnt 
10b, Wnt-11, and Wnt 16. These secreted ligands activate at 
least three different signaling pathways. In the canonical (or 
Wnt/beta-catenin) Wnt signaling pathway, Wnt activates a 
receptor complex consisting of a Frizzled (FZd) receptor fam 
ily member and low-density lipoprotein (LDL) receptor-re 
lated protein 5 or 6 (LRP5/6). To form the receptor complex 
that binds the FZd ligands, FZd receptors interact with LRP5/ 
6. Single pass transmembrane proteins with four extracellular 
EGF-like domains separated by six YWTD amino acid 
repeats (Johnson et al., 2004, J. Bone Mineral Res. 19:1749). 
The canonical Wnt signaling pathway activated upon recep 
tor binding is mediated by the cytoplasmic protein Dishev 
elled (Dvl) interacting directly with the FZd receptor and 
results in the cytoplasmic stabilization and accumulation of 
beta-catenin. In the absence of a Wnt signal, beta-catenin is 
localized to a cytoplasmic destruction complex that includes 
the tumor Suppressor proteins adenomatous polyposis coli 
(APC) and Axin. These proteins function as critical scaffolds 
to allow glycogen synthase kinase (GSK)-3beta to bind and 
phosphorylate beta-catenin, marking it for degradation via 
the ubiquitin/proteasome pathway. Activation of Dvl results 
in the dissociation of the destruction complex. Accumulated 
cytoplasmic beta-catenin is then transported into the nucleus 
where it interacts with the DNA-binding proteins of the TCF/ 
LEF family to activate transcription. 
0.135 The non-canonical WNT pathway is regulated by 
three of these WNT ligands WNT4, WNT5a, and WNT11. 
These ligands bind to the WNT receptor Frizzled in the 
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absence of the co-receptors (LRP5/6). This leads to the acti 
vation of the RHO GTPase and ROCK kinase without acti 
Vating cytoplasmic beta-catenin ROCK regulates cytoskel 
eton to regulate apical-basal polarity of the cell. Because of 
competition for the same receptor, non-canonical WNT 
ligands also lead to inhibition of canonical WNT signaling. 
0136. Unless otherwise explained, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms “a,” “an and “the 
include plural referents unless context clearly indicates oth 
erwise. Similarly, the word 'or' is intended to include “and” 
unless the context clearly indicates otherwise. It is further to 
be understood that all base sizes or amino acid sizes, and all 
molecular weight or molecular mass values, given for nucleic 
acids or polypeptides are approximate, and are provided for 
description. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of this disclosure, Suitable methods and mate 
rials are described below. The term “comprises' means 
“includes. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of conflict, the present specifi 
cation, including explanations of terms, will control. In addi 
tion, the materials, methods, and examples are illustrative 
only and not intended to be limiting. 

Methods for Reprogramming Somatic Cells to 
Produce RPE Cells 

0.137 Methods are provided herein wherein induced pluri 
potent stem cells are reprogrammed to become retinal pig 
ment epithelial cells. Stem cells can be indefinitely main 
tained in vitro in an undifferentiated state and yet are capable 
of differentiating into virtually any cell type. Disclosed herein 
are methods to induce the differentiation of human iPSC into 
a specialized cell in the neuronal lineage, the retinal pigment 
epithelium (RPE). 
0138 RPE is a densely pigmented epithelial monolayer 
between the choroid and neural retina that serves as a part of 
a barrier between the bloodstream and retina. The functions 
of the RPE include phagocytosis of shed rod and cone outer 
segments, absorption of Stray light, vitamin A metabolism, 
regeneration of retinoids, and tissue repair. The RPE has a 
cobblestone cellular morphology of black pigmented cells, 
and is known to express markers such as cellular retinalde 
hyde-binding protein (CRALBP); RPE65, Best vitelliform 
macular dystrophy gene (VMID2), and pigment epithelium 
derived factor (PEDF). The RPE plays a role in photoreceptor 
maintenance, and various RPE malfunctions in vivo are asso 
ciated with a number of vision-altering ailments, such as RPE 
detachment, dysplasia, atrophy, retinopathy, retinitis pigmen 
tosa, macular dystrophy or degeneration, including age-re 
lated macular degeneration, which can result in photoreceptor 
damage and blindness. Because of its woundhealing abilities, 
the RPE has been extensively studied for transplantation 
therapy; RPE transplantation can be used for vision restora 
tion. Furthermore, RPE can be used for the treatment of 
Parkinson's disease, as the RPE secretes dopamine. 
0.139. The starting somatic cell can be any cell of interest. 
Any cells other than germ cells of mammalian origin (such as, 
humans, mice, monkeys, pigs, rats etc.) can be used as starting 
material for the production of iPSCs. Examples include kera 
tinizing epithelial cells, mucosal epithelial cells, exocrine 
gland epithelial cells, endocrine cells, liver cells, epithelial 
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cells, endothelial cells, fibroblasts, muscle cells, cells of the 
blood and the immune system, cells of the nervous system 
including nerve cells and glia cells, pigment cells, and pro 
genitor cells, including hematopoietic stem cells, amongst 
others. There is no limitation on the degree of cell differen 
tiation, the age of an animal from which cells are collected 
and the like; even undifferentiated progenitor cells (including 
Somatic stem cells) and finally differentiated mature cells can 
be used alike as Sources of Somatic cells in the present inven 
tion. In one embodiment, the somatic cell is itself a RPE cell 
such as a human RPE cell. The RPE cell can be an adult or a 
fetal RPE cell. Thus, in some embodiments, the somatic cell 
is a fetal human RPE cell, obtained from a human fetus of 
about week 9 to about week 38 of gestation, such as about 
week 9 to about week 16 of gestation, about week 17 to about 
week 25 of gestation, about 16 to about 19 weeks, or about 
week 26 to about week 38 of gestation. In this context, 
“about’ means within 2 days. 
0140. The choice of mammalian individuals as a source of 
Somatic cells is not particularly limited. Allogenic cells can be 
used. Thus, in some embodiments, the iPSCs are not matched 
for MHC (e.g., HLA). In some embodiments, when the iPSCs 
obtained are to be used for regenerative medicine in humans, 
cells can be collected from the somatic cells from the subject 
to be treated, or another subject with the same or substantially 
the same HLA type as that of the patient. “Substantially the 
same HLA type' indicates that the HLA type of donor 
matches with that of a patient to the extent that the trans 
planted cells, which have been obtained by inducing differ 
entiation of iPSCs derived from the donor's somatic cells, can 
be engrafted when they are transplanted to the patient. The 
patient optionally can be treated with an immunosuppressant. 
In one example, it includes an HLA type wherein major 
HLAs (e.g., the three major loci of HLA-A. HLA-B and 
HLA-DR, the four major loci further including HLA-Cw) are 
identical. 

0.141. Somatic cells isolated from a mammal can be pre 
cultured using a medium known to be suitable for their cul 
tivation according to the choice of cells before being sub 
jected to the step of nuclear reprogramming Specific non 
limiting examples of Such media include, but are not limited 
to, minimal essential medium (MEM) containing about 5 to 
20% fetal calf serum (FCS), Dulbecco's modified Eagle 
medium (DMEM), RPMI1640 medium, 199 medium, F12 
medium, and the like. One of skill in the art can readily 
ascertain appropriate tissue culture conditions to propagate 
particular cell types from a mammal. Such as a human. In 
Some embodiments, to obtain completely Xeno-free human 
iPSCs, the medium can exclude ingredients derived from 
non-human animals, such as FCS. Media comprising a basal 
medium Supplemented with human-derived ingredients Suit 
able for cultivation of various somatic cells (particularly, 
recombinant human proteins such as growth factors), non 
essential amino acids, vitamins and the like are commercially 
available; those skilled in the art are able to choose an appro 
priate Xeno-free medium according to the source of Somatic 
cells. Somatic cells pre-cultured using a Xeno-free medium 
are dissociated from the culture vessel using an appropriate 
Xeno-free cell dissociation Solution, and recovered, after 
which they are brought into contact with nuclear reprogram 
ming Substances. 
0142 Generally, cells are cultured at about 35 to 38°C., 
usually at 37°C., in about 4-6% CO, generally at 5% CO, 
unless specifically indicated otherwise below. 
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0143 Somatic cells can be reprogrammed to produce 
induced pluripotent stem cells (iPSCs) using methods known 
to one of skill in the art. One of skill in the art can readily 
produce induced pluripotent stem cells, see for example, Pub 
lished U.S. Patent Application No. 20090246875, Published 
U.S. Patent Application No. 2010/0210014; Published U.S. 
Patent Application No. 20120276636; U.S. Pat. No. 8,058, 
065; U.S. Pat. No. 8,129, 187; U.S. Pat. No. 8,278,620; PCT 
Publication NO. WO 2007/069666 A1, and U.S. Pat. No. 
8.268,620, which are incorporated herein by reference. Gen 
erally, nuclear reprogramming factors are used to produce 
pluripotent stem cells from a somatic cell. In some embodi 
ments, at least three, or at least four, of Klf4, c-Myc, Oct3/4, 
Sox2, Nanog, and Lin28 are utilized. In other embodiments, 
Oct3/4, Sox2, c-Myc and Klf4 is utilized. 
0144. The cells are treated with a nuclear reprogramming 
Substance, which is generally one or more factor(s) capable of 
inducing an iPSC from a Somatic cell or a nucleic acid that 
encodes these substances (including forms integrated in a 
vector). The nuclear reprogramming Substances generally 
include at least Oct3/4, Klf4 and Sox2 or nucleic acids that 
encode these molecules. A functional inhibitor of p53, L-myc 
or a nucleic acid that encodes L-myc, and Lin28 or Lin28b or 
a nucleic acid that encodes Lin28 or Lin28b, can be utilized as 
additional nuclear reprogramming Substances. Nanog can 
also be utilized for nuclear reprogramming. As disclosed in 
published U.S. Patent Application No. 20120196360, exem 
plary reprogramming factors for the production of iPSCs 
include (1) Oct3/4, Klf4, Sox2, L-Myc (Sox2 can be replaced 
with Sox1, Sox3, Sox15, Sox 17 or Sox18; Klf4 is replaceable 
with Klf1, Klf2 or Klf5); (2) Oct3/4, Klf4, Sox2, L-Myc, 
TERT, SV40 Large T antigen (SV40LT); (3) Oct3/4, Klf4. 
Sox2, L-Myc, TERT, human papilloma virus (HPV)16 E6; 
(4) Oct3/4, Klf4, Sox2, L-Myc, TERT, HPV 16 E7 (5) Oct3/4, 
Klf4, Sox2, L-Myc, TERT, HPV 16 E6, HPV 16 E7; (6) Oct3/ 
4, Klf4, Sox2, L-Myc, TERT, Bmil: (7) Oct3/4, Klf4, Sox2, 
L-Myc, Lin28; (8) Oct3/4, Klf4, Sox2, L-Myc, Lin28, 
SV4CLT; (9) Oct3/4, Klf4, Sox2, L-Myc, Lin28, TERT, 
SV4CLT; (10) Oct3/4, Klf4, Sox2, L-Myc, SV4OLT; (11) 
Oct3/4, Esrrb, Sox2, L-Myc (ESrrb is replaceable with Esrrg); 
(12) Oct3/4, Klf4, Sox2: (13) Oct3/4, Klf4, Sox2, TERT, 
SV4CLT: (14) Oct3/4, Klf4, Sox2, TERT, HPV 16 E6; (15) 
Oct3/4, Klf4, Sox2, TERT, HPV 16 E7: (16) Oct3/4, Klf4, 
Sox2, TERT, HPV 16 E6, HPV 16 E7: (17) Oct3/4, Klf4, 
Sox2, TERT, Bmil: (18)Oct3/4, Klf4, Sox2, Lin28 (19)Oct3/ 
4, Klf4, Sox2, Lin28, SV4OLT; (20) Oct3/4, Klf4, Sox2, 
Lin28, TERT, SV4OLT; (21) Oct3/4, Klf4, Sox2, SV4CLT; or 
(22) Oct3/4, ESrrb, Sox2 (ESrrb is replaceable with Esrrg). In 
one non-limiting example, Oct3/4, Klf4, Sox2, and c-Myc are 
utilized. In other embodiments, Oct4, Nanog, and Sox2 are 
utilized, see for example, U.S. Pat. No. 7,682,828, which is 
incorporated herein by reference. These factors include, but 
are not limited to, Oct3/4, Klf4 and Sox2. In other examples, 
the factors include, but are not limited to Oct 3/4, Klf.4 and 
Myc. In some non-limiting examples, Oct3/4, Klf4, c-Myc, 
and Sox2 are utilized. In other non-limiting examples, Oct3/ 
4, Klf.4, Sox2 and Sal 4 are utilized. 
0145 Mouse and human cDNA sequences of these 
nuclear reprogramming Substances are available with refer 
ence to the NCBI accession numbers mentioned in WO 2007/ 
069666, which is incorporated herein by reference. Methods 
for introducing one or more reprogramming Substances, or 
nucleic acids encoding these reprogramming Substances, are 
known in the art, and disclosed for example, in published U.S. 
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Patent Application No. 2012/0196360 and U.S. Pat. No. 
8,071.369, which both are incorporated herein by reference. 
0146. After being cultured with nuclear reprogramming 
Substances, the cell can, for example, be cultured under con 
ditions suitable for culturing ES cells. In the case of mouse 
cells, the culture is carried out with the addition of Leukemia 
Inhibitory Factor (LIF) as a differentiation suppression factor 
to an ordinary medium. In the case of human cells, it is 
desirable that basic fibroblast growth factor (bFGF) be added 
in place of LIF. 
0.147. In some embodiments, the cell is cultured in the 
co-presence of mouse embryonic fibroblasts treated with 
radiation or an antibiotic to terminate the cell division, as 
feeder cells. Mouse embryonic fibroblasts in common use as 
feeders include the STO cell line (ATCC CRL-1503) and the 
like; for induction of an iPSC, useful cells can be generated by 
stably integrating the neomycin resistance gene and the LIF 
gene in the STO cell (SNL76/7 STO cell; ECACC 07032801) 
(McMahon, A. P. & Bradley, A. Cell 62, 1073-1085, 1990) 
and the like can be used. Mitomycin C-treated MEFs are 
commercially available from Millipore. Gamma-irradiated 
MEFs are commercially available from Global Stem Gener 
ally, Somatic cells are transduced with reprogramming factors 
in the absence of MEFs. In some embodiments, about 7 to 
eight days after transduction, the cells are re-seeded onto 
MEFS. 
0.148. In some embodiments, the iPSC can be modified to 
express exogenous nucleic acids, Such as to include a tyrosi 
nase enhancer operaby linked to a promoter and a nucleic acid 
sequence encoding a first marker. The tyrosinase gene is 
disclosed, for example, in GENBANKR Accession No. 
22173, as available on Jan. 1, 2013. This sequence aligns to 
chromosome 7 of mouse Strain C57BL/6 location 5286971 
5291.691 (invert orientation). A 4721 base pair sequence is 
sufficient for expression in RPE cells, see Murisier et al., Dev. 
Biol. 303: 838-847, 2007, which is incorporated herein by 
reference. This construct is expressed in retinal pigment epi 
thelial cells. In some embodiments, the tyrosinase enhancer 
sequence comprises or consists of the following nucleic acid 
Sequence: 

(SEQ ID NO: 1) 
TTCTTTTGCCCTTTCCTTTTCATAAACTGAACTTCATTTTAAGCAAC 

AAGTCTGTGTGAAACAGAAATGTCCTAATCTCTCTTTGACCAAATGT 

ACCCATATTCCCTTATGTTAACATGTATTTTTTACATTTAAGATTGT 

TAAAGTGGAACAGTTTTTTTTCTGCCATTATAGCACCTGTCTCTACT 

TTTCAAAGTATATGAATTATGATCTTTCTCATGTGGTTGTAAGCCCC 

ATCTTTACAAGATTCACTTGATCTTTCATATTCAATTATTTATGGAA 

CAAAATACCTGTCAATTCTTAGAGTCTTTTCTACATAATTTATTTGT 

GAAAGAAAATGTTACTGGAAAGTGACAAATTAGAGTCAAAATATAAA 

GACTGTGGCAGGTTATATACCTATAGTGTGATATGAAAGCTTTTGTA 

AGAAGAGGTAGTGGTACTAAACTGGACAAAATCCAGATAAAAGAGGC 

TTTGTGAAAATCAGGTAAAAATTTACTTAATATACAGCAAATACTAA 

TAGTTGCTGTTTATAAAATACCATTTTCTGAACATTGTTTTTGCACA 

TATAACTAAAATGTTGAATATACCCAAGTATGAAAATTTAGTGTCAT 
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- Continued 
AGATATTAAGAACATTCTACCCTTTTCAGGAGAGTCATTGACAGTGA 

TTTAAGTGACTCTGCTTACACTGCTTGTCCTCTAACACTGACTCCAT 

AATGATTGCAGCAAAAAATTAAAGCTCAAACGGTCTTGGGGATTACC 

TAGTTCAATGACTTTGATTTAACACAGTAAGTACTTGAAGTAGAAAG 

AGGTACATTAACAAGCCAGGCAATGATGATATGGAGGGCAGTGTGAT 

TAGAGTACAGGATTCTACACTCATTCTGCATTATTGGTTCATATTTC 

TTCTGGGGTAACTCACTTCCTTCCTTTTTCATATTTTCATTGCTCTA 

ACTCTAGCCTTGACTTTAGGAACATCTCTTCTTTTTCCACCTATAAG 

ATAGAATTGTTTTCTGCTGCAGGAGATTAAGATAGCTGGCATTCCTT 

TATGCTTATTTAGTCATTTCAAGCGATTAACTTCATCCTATCAGACT 

TTGAGATTAAGCTGCCAGTAGTGACCTCATTAAAGTCCACACTTCTA 

ATAAGCTTCTCTAAAAATTGTTGAGAAGGCATTCTTGAGTTGGTACA 

GGGAAAGAATTGTGGACTCAGAAGCAAACATAGCAAAGCTCATTTGT 

TCCAGTCTATGGTTTACAGGTCAAGTGATTTGGGACCAATTGCCAAA 

ATACATTGGTGAGGAAAGGCATTAATATCAACTATGCCAAGTTACTA 

TGCTTATTAAACTCAACCATGATACAGAGTTATATAATGTTATAATG 

TATTCATTGAATGTTTTATAAGAAACCAATTGTTTATTTGTTATTTA 

ACTCTGCAAAACTACAGAAAGGGGAAATGGTTATTTAAGTGGGTAAT 

AAGTTTTAAGTATTTATCGTTCATAATAATTAACAGAGATGTTACAA 

AAATGTGACTGATTTTACTTGAAATGTTGCCATTTTAGTAAATGTGG 

TGCCAAAGCAAGCATGAAATGTTGCCATTTTAAAGACATTTATTTTC 

TAATGCTATAATATATTCATTACATATTATTAAAATAATTAATGTAA 

AAATACCCAAAATGTGAAAATAACACGTAAGTCCTATTTTATGATTT 

TCCATATCAAATTCAGAAACTAATACT CAGATCTTATTGTTTAAATA 

GTATTTAAAATTAAAGACACATAGTCAGGAATATATGCTAAATAAAT 

TTTCCAAATTGAATAACTAACTTTCAGGGTTGCCTTACTTTCAACAA 

GAATATGCCTCTATTTGATTACTAATTGTAACTTTGTTCATAGACTA 

CATAAGGTAATATTACAAACATATTCATTATTTTGACACATACTTAC 

TTAAATAATAAATAAACATTAGAAAATATACTTACTATTTATATATA 

AAGAATTTTTTTGTTTCGAAGGAACTTTAATAAATGAGATTATAAGG 

TTGTTGTTCAGGTACATTGAACATTTTTTCAGGTTAATAAGGTGTCT 

AAAAATAAGTTTAGAAAGATCTAAGGTATTCTTTTTTATTTGTTTTT 

GTCCTTTTTTATTTTTC TTTTTTGAACTGGGTTTCT TOTT CAATTAG 

CCCTGGCTGGATGTCCTGGAACTAGCTCTATATGCCATGCTGTCTTC 

AAACTCATAGAGATCTGCCTACCTTTGCATCCCAAGTGCTGGGATTA 

AAGGTATGAACCACCTCTTCCACCACTGCCAAGTAAGAATTCTTATT 

TTACATAAGTCATTATGAAGGAAGTTATGTGTTTACTGTAAACAAGA 

TTAATGACTTGGTTTGCTGATTTTCTCTGAAAACATGAAATCTCTTC 

ATATAGATCTTGCTTCTGGATAATAAAAGGCCCATGGAGAAATGTTC 

Dec. 24, 2015 

- Continued 
GTCTGTCTAGTTTCATATTCATATTAATGATCCTGAATCAATTTTCC 

TCCATTGAGACTTGCATACTTAAGTATTAATGATTGCTGGAGTTCCA 

TTCATAAGGATTCTTTATGTATTACATGTTAAAATTTTTAAACCTAC 

GACATTTTGGGATATAGTTTAGTAAAACATCTTAAATGGTGTAAGTG 

GTACCAATTAGTTTGAAGGCAAAAACAATTGTTTAAGTGGATTAAGG 

TCTGTTCAATACTAGGGAACACCTGCTTGAAACACTTGACAATAGAA 

ACTTAGCTAACTTACCCATGTCTGGAAAGGTCATGGACTCTGAAGGA 

AAACTACTTTTACCATTTTCCTAAATCAATATAGCTTTTAACTATTC 

TAAACACTGATCATTATACCCATAGACAGTTTAGATCAACCCTTTCC 

AAAGAAGATTCTGTTTGTAGTAGATAAGGCTTAATACAAAGATCCTC 

AATTGGTCCAAATCCAGAGAATAGGTAAGCCTGTGGTGTTTAGGTGC 

CCAACTTAGTCTACCAATAATACTACCTATGTACTTGAGTACTAGTG 

AACAGGATACAGAAGGTGGTATCAGGAAGACTGTAAGAACCAGAAAA 

TATGAATACATACATGTGTATATTTATGCAAGAGTAACAATTAAAGA 

AGTTTATTAATCTGAGTGTGTATGTGTTAATGTATAAAAATCTCAGA 

AAAGTATTTAAAATTATTTTGCCTTTGGAAATAAAAATAACAAGTAT 

TGTTCAAGAAAAAGATAATTCCAGGATACTAGCCAATTTTGCTCTTA 

ACTTAGAAATATAATTATATTTTTTCTTCTCTTTGACTGGATAAATA 

TGTACGAATGTTCTTTGAATATTTGCAGCCAATTTGACTCCCTAAAA 

AATGGTATAGTTTTAAATGTGTTTAACATATTGCTTTTGTGAAAGAC 

ATTTTTTTAGTATTAGATTCAATACTTTTTAACCATGTGGACATGGT 

TGGTGTTATTTTTGTTCTAGAAAGGAACTGTTAAATTTCTGCTCCAA 

CTTAGGTCATATAAGGGAAAATGAATCTGGTATTCTACAGAAAAATA 

TAACTGTAACCATTTTGATGATTTTTGTGTTAATTAGCACTGTTTGT 

CTGTTCATATCATTGAGGCACAGAAATGGTATATTTATATAACACCT 

ACCAAACAGCCTCATAAAGAAATAGATAGATTCTGGGGAATAAATGA 

TCTCCATTTGATCCTCAGTTTTATTAAAATCCTTCTGTTCCTGTGGC 

ATGAATTCATCCAAACTGAGTAATGCTGGCAAGCAGGAAGGGGATCA. 

AGGTCATCCAAGGGATACTGACTTGGAAGGGTCTGGGCATGCAACCA 

AGTACTTCCAGGGTGAATTATTATTAAGAAAAAGAATGTTGACAAAA 

AAATATGTGAAAAGGACCTATAGCTAGCTATTCTCTTGGTGACCTGG 

GTCTTGAGGAAGTTCTCTGGGAAGAGTCACTCAGCACATTTGGTCAA 

ATGAATTCACCTATTCTGAAAACCAAATGAATATAGATTTCTGGACA 

CCTCCCAAGGATTCATGTGTAAGATGAAATGCAGATTGTTCACCAAA 

ATTGTCCCTGACTCCTATACTTAGACCATTTATTTTTCTGAAATCCC 

ATAAACTGAGAAGATGCTGTCTGATTAGAAGATACACAAGTCGTGGA 

TAATAAGACAAAAGAGCCCATGAACCTACAAAGCTCATTGCAAAGTG 

AACTTCTGTCTTGTAACAGAGAAAGCAGACAAACCAACAAAATCATT 

TATTTCAGTGAAAAGGAGGGGCCAGAAATGGAAAGATTACATTTCCT 
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AAGTCTCGTACTTGAAGACAGGTTGGGTCCTCAGAACTAATTAAGTA 

GTAGAATGCACAATGTGCTTCAAGAAAAAAGAAGCTATGAAAAACAG 

GTAGTCTATTTTATTTCAACCTAGCAACAGTGAGAAAAGGATGAGCT 

AGCAAGGAGATGCAGATAGTGAAGTGTCCATTGTGGATTTACTCTGG 

TTCTGACAGGTGGAATTGCTTCCATTCAAAACAAACAAAATAAACTT 

CTAACT CACAGTAATTCACAGTGTCACACTTTGTAACACAGGATGTC 

AAAGTTTCAGGACATACAGTCTCAACACATAGGTAATTAATTTAAGT 

GAGGTGATTTGAGTGAATTTAAATGCAATGGACTTGTAGATTTTGTA 

AAAAGAAGACACGTCTTTCAATACGCACACATATGGGAAAATGGTAT 

GTAAATATGAAGTTAGCACTT 

0149 Longer fragments of the upstream region of the 
tyrosinase gene, that include this enhancer, can also be uti 
lized, such as 5 kb, 6Kb, 7kb, 8kb, etc. 
0150. Any promoter can be utilized, including, but not 
limited to Hsp70 1a promoter (GENBANKR Accession No. 
NT 039649.8. In some embodiment, the promoter includes, 
or consists of 

(SEQ ID NO: 2) 
CAGGAACATCCAAACTGAGCAGCCGGGGTCCCCCCCACCCCCCACCC 

CGCCCCTCCCGGCAACTTTGAGCCTGTGCTGGGACAGAGCCTCTAGT 

TCCTAAATTAGTCCATGAGGTCAGAGGCAGCACTGCCATTGTAACGC 

GATTGGAGAGGATCACGTCACCGGACACGCCCCCAGGCATCTCCCTG 

GGTCTCCTAAACTTGGCGGGGAGAAGTTTTAGCCCTTAAGTTTTAGC 

CTTTAACCCCCATATTCAGAACTGTGCGAGTTGGCGAAACCCCACAA 

ATCACAACAAACTGTACACAACACCGAGCTAGAGGTGATCTTTCTTG 

TCCATTCCACACAGGCCTTAGTAATGCGTCGCCATAGCAACAGTGTC 

ACTAGTAGCACCAGCACTTCCCCACACCCTCCCCCTCAGGAATCCGT 

ACTCTCCAGTGAACCCCAGAAACCTCTGGAGAGTTCTGGACAAGGGC 

GGAACCCACAACTCCGATTACT CAAGGGAGGCGGGGAAGCTCCACCA 

GACGCGAAACTGCTGGAAGATTCCTGGCCCCAAGGCCTCCTCCGGCT 

CGCTGATTGGCCCAGCGGAGAGTGGGCGGGGCCGGTGAAGACTCCTT 

AAAGGCGCAGGGCGGCGAGCAGGTCACCAGACGCTGACAGCTACTCA 

GAACCAAATCTGGTTCCATCCAGAGACAAGCGAAAGACAAGAGAAGC 

AGAGCGAGCGGCGCGTTCCCGATCCTCGGCCAGGACCAGCCTTCCCC 

AGAGCATCCCTGCCGCGGAGCGCAACCTTCCCAGGAGCATCCCTGCC 

GCGGAGCGCAACTTTCCCCGGAGCATCCACGGCCGCGGAGCGCAGCC 

TTTCCAGAAGCAGAAGCGCGGCGCCAATGGCTCGCGAATGAATCCCG 

TCGGTTTTAACAAACGGTCGGTGAACCTGGGGAAAAACCTGCGGTTA 

ACCCAACTTAAATTCGCCCTCTGGGCAAGAC 

0151 Small deletions, additions, and substitutions can be 
made without affecting the activity of SEQID NO: 1 and/or 
SEQ ID NO: 2, such as at most 10,9,8,7,6, 5, 4, 3, 2, or 1 
base. 
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0152. Other enhancers can be utilized. Other RPE-specific 
enhancers include D-MITF, DCT, TYRP1, RPE65, VMD2, 
MERTK, MYRIP, RAB27A, Suitable promoters include, but 
are not limited to, any promoter expressed in retinal pigment 
epithelial cells including the tyrosinase promoter. The con 
struct can also include other elements, such as a ribosome 
binding site for translational initiation (internal ribosomal 
binding sequences), and a transcription/translation termina 
tOr. 

0153 Generally, it is advantageous to transfect cells with 
the construct. Suitable vectors for stable transfection include, 
but are not limited to retroviral vectors, lentiviral vectors and 
Sendai virus. 

0154 Plasmids have been designed with a number of goals 
in mind, Such as achieving regulated high copy number and 
avoiding potential causes of plasmid instability in bacteria, 
and providing means for plasmid selection that are compat 
ible with use in mammalian cells, including human cells. 
Particular attention has been paid to the dual requirements of 
plasmids for use in human cells. First, they are suitable for 
maintenance and fermentation in E. coli, so that large 
amounts of DNA can be produced and purified. Second, they 
are safe and Suitable for use in human patients and animals. 
The first requirement calls for high copy number plasmids 
that can be selected for and stably maintained relatively easily 
during bacterial fermentation. The second requirement calls 
for attention to elements such as selectable markers and other 
coding sequences. In some embodiments plasmids that 
encode a marker are composed of: (1) a high copy number 
replication origin, (2) a selectable marker, such as, but not 
limited to, the neogene for antibiotic selection with kanamy 
cin, (3) transcription termination sequences, including the 
tyrosinase enhancer and (4) a multicloning site for incorpo 
ration of various nucleic acid cassettes; and (5) a nucleic acid 
sequence encoding a marker operably linked to the tyrosinase 
promoter. There are numerous plasmid vectors that are known 
in the art for inducing a nucleic acid encoding a protein. These 
include, but are not limited to, the vectors disclosed in U.S. 
Pat. No. 6,103,470; U.S. Pat. No. 7,598.364; U.S. Pat. No. 
7.989,425; and U.S. Pat. No. 6,416,998, which are incorpo 
rated herein by reference. Viral vectors can be utilized for the 
introduction of nucleic acids, including polyoma, SV40 
(Madzak et al., 1992, J. Gen. Virol. 73:15331536), adenovi 
rus (Berkner, 1992, Cur. Top. Microbiol. Immunol., 158:39 
6; Berliner et al., 1988, BioTechniques, 6:616–629; Gorziglia 
et al., 1992, J. Virol. 66:4407-4412; Quantin et al., 1992, 
Proc. Nad. Acad. Sci. USA, 89:2581-2584; Rosenfeld et al., 
1992, Cell, 68:143-155; Wilkinson et al., 1992, Nucl. Acids 
Res., 20:2233-2239; Stratford-Perricaudet et al., 1990, Hum. 
Gene Ther. 1:241-256), vaccinia virus (Mackett et al., 1992, 
Biotechnology, 24:495-499), adeno-associated virus (Muzy 
czka, 1992, Curr. Top. Microbiol. Immunol., 158:91-123: On 
et al., 1990, Gene, 89:279-282), herpes viruses including 
HSV and EBV (Margolskee, 1992, Curr. Top. Microbiol. 
Immunol., 158:67-90; Johnson et al., 1992, J. Virol., 
66:29522965; Fink et al., 1992, Hum. Gene Ther. 3:11-19; 
Breakfield et al., 1987, Mol. Neurobiol. 1:337-371; Fresse et 
al., 1990, Biochem. Pharmacol., 40:2189-2199), Sindbis 
viruses (H. Herweijer et al., 1995, Human Gene Therapy 
6:1161-1167; U.S. Pat. No. 5,091,309 and U.S. Pat. No. 
5,2217.879), alphaviruses (S. Schlesinger, 1993, Trends Bio 
technol. 11:18-22. I. Frolov et al., 1996, Proc. Natl. Acad. Sci. 
USA 93:11371-11377), human herpesvirus vectors (HHV) 
such as HHV-6 and HHV-7, and retroviruses of avian (Bran 
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dyopadhyay et al., 1984, Mol. Cell Biol., 4:749-754; 
Petropouplos et al., 1992, J. Virol. 66:3391-3397), murine 
(Miller, 1992, Curr. Top. Microbiol. Immunol. 158:1-24: 
Miller et al., 1985, Mol. Cell Biol. 5:431-437; Sorge et al., 
1984, Mol. Cell Biol. 4:1730-1737; Mann et al., 1985, J. 
Virol. 54:401–407), and human origin (Page et al., 1990, J. 
Virol., 64:5370-5276; Buchschalcher et al., 1992, J. Virol., 
66:2731-2739). Baculovirus (Autographa Californica multi 
nuclear polyhedrosis virus; AcMNPV) vectors can be used. 
Vectors can be obtained from commercial Sources (such as 
PharMingen, San Diego, Calif.; Protein Sciences Corp., 
Meriden, Conn.; Stratagene, La Jolla, Calif.). Suitable vec 
tors are disclosed, for example, in U.S. Published Patent 
Application No. 2010/0247486, which is incorporated herein 
by reference. In specific non-limiting examples, the vectors 
are retrovirus vectors (for example, lentivirus vectors), 
measles virus vectors, alphavirus vectors, baculovirus vec 
tors, Sindbis virus vectors, adenovirus and poliovirus vectors. 
0155 Methods of transfection of DNA as calcium phos 
phate coprecipitates, conventional mechanical procedures 
Such as microinjection, electroporation, insertion of a plas 
mid encased in liposomes, or virus vectors may be used. 
Eukaryotic cells can also be cotransformed with polynucle 
otide sequences encoding the antibody, labeled antibody, or 
functional fragment thereof, and a second foreign DNA mol 
ecule encoding a selectable phenotype, such as the herpes 
simplex thymidine kinase gene. 
0156 A viral gene delivery system can be an RNA-based 
or DNA-based viral vector. An episomal gene delivery system 
can be a plasmid, an Epstein-Barr virus (EBV)-based episo 
mal vector, a yeast-based vector, an adenovirus-based vector, 
a simian virus 40 (SV40)-based episomal vector, a bovine 
papilloma virus (BPV)-based vector, or a lentiviral vector. 
O157 Markers include, but are not limited to, fluorescence 
proteins (for example, green fluorescent protein or red fluo 
rescent protein), enzymes (for example, horse radish peroxi 
dase or alkaline phosphatase or firefly/renilla luciferase or 
nanoluc), or other proteins. A marker may be a protein (in 
cluding secreted, cell Surface, or internal proteins; either syn 
thesized or taken up by the cell); a nucleic acid (such as an 
mRNA, or enzymatically active nucleic acid molecule) or a 
polysaccharide. Included are determinants of any such cell 
components that are detectable by antibody, lectin, probe or 
nucleic acid amplification reaction that are specific for the 
marker of the cell type of interest. The markers can also be 
identified by a biochemical or enzyme assay or biological 
response that depends on the function of the gene product. 
Nucleic acid sequences encoding these markers can be oper 
ably linked to the tyrosinase enhancer. In addition, other 
genes can be included. Such as genes that may influence stem 
cell to RPE differentiation, or RPE function, or physiology, or 
pathology. Thus, in Some embodiments, a nucleic acid is 
included that encodes one or more of MITF, PAX6, TFEC, 
OTX2, LHX2, VMD2, CFTR, RPE65, MFRP, CTRP5, CFH, 
C3, C2B, APOE, APOB, mTOR, FOXO, AMPK, SIRT1-6, 
HTRP1, ABCA4, TIMP3, VEGFA, CFI, TLR3, TLR4, APP, 
CD46, BACE1, ELOLV4, ADAM10, CD55, CD59, and 
ARMS2. 

0158. The iPSCs, optionally including the tyrosinase pro 
moter operably linked to a marker, are cultured under condi 
tions such that embryoid bodies (EBs) are formed. Methods 
for the production of EBs are known in the art. In some 
embodiments, EBs are produced in Suspension culture: undif 
ferentiated iPSCs are harvested by brief collagenase diges 
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tion, dissociated into clusters, and cultured in non-adherent 
cell culture platesEBs are cultured for about 36 to about 72 
hours, such as for about 48 hours and then plated. In some 
examples, the medium is not changed during this period. 
0159. Without being bound by theory, EBs are formed by 
the homophilic binding of the Ca2+ dependent adhesion mol 
ecule E-cadherin, which is highly expressed on undifferenti 
ated stem cells. When cultured as single cells under specific 
conditions, iPSCs spontaneously aggregate to form EBS. 
Such spontaneous formation is often accomplished in bulk 
Suspension cultures whereby the dish is coated with non 
adhesive materials, such as agar or hydrophilic polymers, to 
promote the preferential adhesion between single cells, rather 
than to the culture Substrate. To avoid dissociation into single 
cells, EBs can beformed from iPSCs by manual separation of 
adherent colonies (or regions of colonies) and Subsequently 
cultured in Suspension. Formation of EBs in Suspension is 
amenable to the formation of large quantities of EBs, but 
provides little control over the size of the resulting aggre 
gates, often leading to large, irregularly shaped EBs. As an 
alternative, the hydrodynamic forces imparted in mixed cul 
ture platforms increase the homogeneity of EB sizes when 
iPSCs are inoculated within bulk suspensions. 
(0160. In some embodiments, EBs are selected that include 
about 150 to about 600 cells, such as about 200 to about 500 
cells, such as about 200 to about 500 cells. In additional 
embodiments, the EBs include less than about 500 cells, such 
as less than about 450 cells or less than about 400 cells. In 
further embodiments, the EBs include less than 500 cells, 
such as less than 450 cells or less than 400 cells. In other 
embodiments, about 200 to about 400 EBs are plated in each 
well of a standard 6-well tissue culture plate, such as about 
100 to about 200 EBs, for example about 100 to about 150 
EBs. In this context, “about” means within 20 cells or embry 
oid bodies. 

0.161 The EBs are then cultured a first medium compris 
ing two Wnt pathway inhibitors and a Nodal pathway inhibi 
tor. The first medium, that includes the Wnt pathway inhibi 
tors and the Nodal pathway inhibitor, can be a retinal cell 
inducing medium. An exemplary non-limiting medium is 
Dulbecco's Modified Eagle's Medium (DMEM) and F12 at a 
ratio of about 1:1 in the absence of serum. Other tissue culture 
media can also be used, such as Knockout DMEM. In some 
embodiments, the cells are cultured for about 36 to about 50 
hours, such as for about 48 hours. Additional exemplary 
media are disclosed in the examples section. 
0162 The Wnt pathway inhibitors can be, for example, 
N-(2-aminoethyl)-5-chloroisoquinoline-8-sulfonamide 
(CK1-7), 3,5,7,8-Tetrahydro-2-4-(trifluoromethyl)phenyl 
4H-thiopyrano.4.3-dpyrimidin-4-one (XAV939), Secreted 
frizzled-related protein (SFRP) 1, sRP1 (GENBANKR) 
Accession No. AF001900.1), slfRP2 (GENBANKR Acces 
sion No. NM 003013.2), sRRP3 (GENBANKR Accession 
No. U91903.1), shRP4 (GENBANKR Accession No. 
NM 003.014.3), and sPRP5 (GENBANKR Accession No. 
NM 003015.3), SFRP-3, SFRP-4 or SFRP-5. These GEN 
BANKR) sequences are incorporated herein by reference as 
available on Jan. 1, 2013. The SFRP can be included at a 
concentration of about 5ng/ml to 100 ng/ml, such as a out 10 
ng/ml to about 90 mg/ml, such as about 20 ng/ml to about 80 
ng/ml. In some embodiments, the first medium includes about 
3 to about 10 mM of CK1-7 dicloride (N-(2-Aminoethyl)-5- 
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chloroisoquinoline-8-sulphonamide dihydrochloride), for 
example about 3.5 to about 9 mM of CK1-7, or about 4 to 
about 8 mM of CK1-7. 
0163 The Nodal pathway inhibitor can be, for example, 
4-(5-Benzol1.3dioxol-5-yl-4-pyrildin-2-yl-1H-imidazol-2- 
yl)-benzamide hydrate, 4-4-(1,3-Benzodioxol-5-yl)-5-(2- 
pyridinyl)-1H-imidazol-2-yl)-benzamide hydrate, 4-4-(3,4- 
Methylenedioxyphenyl)-5-(2-pyridyl)-1H-imidazol-2-yl)- 
benzamide hydrate (SB-43 1542), left-right determination 
factor (Lefty) or 2-(5-Benzo. 1.3dioxol-5-yl-2-tert-butyl 
3H-imidazol-4-yl)-6-methylpyridine hydrochloride hydrate 
(SB-505124). In some embodiments, the first medium 
includes about 3 to about 10 mM of SB43152, for example 
about 3.5 to about 9 mM of SB43152, or about 4 to about 8 
mM of SB43152. 

0164. The cells are cultured in the first medium for about 
36 to 72 hours, such as for about 48 hours. Following culture 
in the first media, such as for about 36 to about 72 hours, such 
as for about 48 hours, the EBs are plated on a tissue culture 
Substrate in a second medium. In some embodiments, the 
tissue culture substrate is coated with MATRIGEL(R). The 
second medium does not include exogenous beta fibroblast 
growth fact (bFGF). The second media also includes a basic 
fibroblast growth factor (bFGF) inhibitor, two Wnt pathway 
inhibitors, and a Nodal pathway inhibitor. Exemplary media 
are disclosed in the examples section. 
(0165 Suitable Wnt pathway inhibitors and Nodal inhibi 
tors are disclosed above. Suitable bFGF inhibitors include, 
but are not limited to, N-(2R)-2,3-Dihydroxypropoxy-3,4- 
difluoro-2-(2-fluoro-4-iodophenyl)amino-benzamide 
(PD0325901), N-(2-4-(Diethylamino)butylamino-6-(3,5- 
dimethoxyphenyl)pyrido 2,3-dipyrimidin-7-yl)-N'-(1,1- 
dimethylethyl)urea (PD173074), 2-(2-Amino-3-methox 
yphenyl)-4H-1-benzopyran-4-one (PD 98.059), 1-tert-Butyl 
3-6-(2,6-dichlorophenyl)-2-[4-(diethylamino)butyl 
aminolpyrido 2,3-dipyrimidin-7-ylurea (PD161570), or 
6-(2,6-Dichlorophenyl)-2-4-2-(diethylamino)ethoxyphe 
nyl)amino8-methyl-pyrido2,3-dipyrimidin-7(8H)-one 
dihydrochloride hydrate (PD166285). In some embodiments, 
the second medium comprises about 0.2 to about 2.5 mM of 
a PD0325901, such as about 0.5 to about 2 mM of 
PD0325901, such as about 1 to about 2 mM of PD0325901. In 
one specific non-limiting example, the second medium 
includes about 3.5 to about 9 mM of CK1-7 and about 3.5 to 
about 9 mM of SB431542, such as about 5 mM of SB431542. 
0166 The second medium can include about 20 to about 
90 ng of Noggin, such as about 30 to about 90 ng of Noggin, 
such as about 40 to about 80 ng of Noggin, such as about 50 
ng/ml of Noggin. 
0167. The second medium can also include about 0.5% to 
about 3.5% such as about 1 to about 3%, such as about 2 to 
about 3%, KNOCKOUTTM serum replacement to form. 
KNOCKOUTTM serum replacement is disclosed, for 
example, in published U.S. Patent Application No. 2002/ 
076747 and PCT Publication No. 98/830679, which are both 
incorporated herein by reference, and is available commer 
cially from LIFETECHNOLOGIESTM to produced differen 
tiating retinal pigment epithelial cells. 
(0168 Inhibitors of basic fibroblast growth factor (bFGF, 
also known as FGF-2) include, but are not limited to, 
N-(2R)-2,3-Dihydroxypropoxyl-3,4-difluoro-2-(2-fluoro 
4-iodophenyl)aminol-benzamide (PD0325901), N-(2-4- 
(Diethylamino)butylamino-6-(3,5-dimethoxyphenyl)pyrido 
2,3-dipyrimidin-7-yl)-N'-(1,1-dimethylethyl)urea 
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(PD173074), 2-(2-Amino-3-methoxyphenyl)-4H-1-ben 
Zopyran-4-one (PD 98.059), 1-tert-Butyl-3-6-(2,6-dichlo 
rophenyl)-2-[4-(diethylamino)butylaminolpyrido2,3-d 
pyrimidin-7-ylurea (PD161570), O 6-(2,6- 
Dichlorophenyl)-2-4-2-(diethylamino) 
ethoxylphenylaminol-8-methyl-pyrido2,3-dipyrimidin-7 
(8H)-one dihydrochloride hydrate (PD166285). In some 
embodiments, the second medium includes about 0.5 to about 
2 mM of PD0325901, such as about 1 to about 2 mM of 
PD0325901, such as about 1.5 to about 2 mM of PDO325901, 
Such as about 1 mM of PDO325901. 

(0169. In some embodiments, the cells are cultured in the 
second medium for about 18 to about 24 days, such as for 
about 20 to about 22 days, such as for about 18, 19, 20, 21, 22. 
23 or 24 days. In other embodiments, the cells are cultured in 
the second medium for a period of about 14 days to about four 
weeks, such about 14 days to about three weeks, such for 
about two weeks, for about 14, about 15, about 16, about 17, 
about 18, about 19, about 20, or about 21 days. Specific 
non-limiting examples are for 14 days to three weeks, one 
week to two weeks, one week to 10 days, one week to three 
weeks, or one week, two weeks or three weeks. In this con 
text, “about indicates within one day of the listed time. 
0170 Specific non-limiting examples of exemplary con 
centrations of PD325901, Noggin and/or DKK1 are shown in 
FIGS. 8-10. In some embodiments, the methods provide an 
increase in Pax6 expression in cells that are culture in the 
second medium for about one to about two weeks, as com 
pared to the initial population of cells. In certain embodi 
ments, the cells are culture in the absence of, and in the 
presence of a bFGF inhibitor, and in the presence of Noggin. 
Non-limiting examples include about 10 mM PD0325901 
and about 50 to about 100 ng/ml of Noggin. Additional 
examples are presented in FIG.8. Optionally, the medium can 
include DKK1 at about 50 to 100 ng/ml, such as about 75m 
80, 85,90, 95 or 100 ng/ml of DKK1. In some embodiments, 
Pax6 expression is increased at least 150, 160, 170, 180, 190, 
200,210, 220, 230, 240 times following culture for one week, 
as compared to the starting cells. In other embodiments, Pax6 
expression is increased at least 400, 450, 500, or 600 times 
following culture for one to two weeks, as compared to 
expression in the starting cells. In yet other embodiments, 
Pax6 expression is increased at least 500, 600, 700, 800, or 
900 times following culture for one to three weeks, as com 
pared to expression in the cells prior to culture in the starting 
cells, such as embryoid bodies at day Zero of culture. 
0171 In yet other embodiments, Microphthalmia associ 
ated transcription factor (MITF. GENBANK Accession No. 
NG 011631.1, as available Jan. 1, 2013, incorporated herein 
by reference) expression is increased at least 4, 5, 6, 7, 8, 9 or 
10 times following culture for one week, as compared to 
expression in the cells prior to culture in the second medium. 
In other embodiments, MITF expression is increased at least 
3, 4, 5, 6, 7, 8, 9, or 10 times following culture for one to two 
weeks, as compared to expression in the cells prior to culture 
in the second medium. In yet other embodiments, MITF 
expression is increased at least 6, 7, 8, 9, 10, 20, 30, 40, 45, or 
50 times following culture for one to three weeks, as com 
pared to expression in the starting cells, such as embryoid 
bodies at day 0 of culture. 
0172. In some embodiments, expression from a tyrosinase 
enhancer promoter is increased. Thus, in Some embodiments, 
expression of a nucleic acid encoding a marker operably 
linked to the tyrosinanse enhancer is increased. For example, 
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the expression of a marker can be increased by at least 30%, 
40%, 50%, 60%, 70%, 80%, 90% or 100%. 
(0173 The resultant differentiating RPE cells are then 
transferred to a third medium. In some embodiments, the 
third medium includes about 50 to about 300 ng/ml of 
ACTIVIN A, such as about 100 to about 200 ng/ml of 
ACTIVIN A, such as about 150 to about 200 ng/ml of 
ACTIVINA, such as about 150 ng/ml of Activin A. In addi 
tional embodiments, the third medium comprises about 75 to 
150 ng/ml of Wnt3a, such as about 100 to 150 ng/ml of Wnt 
3a, such as about 110 to 140 ng/ml of Wnt3a, such as about 
100 ng/ml. In this context, about means within 2 ng/ml. 
0174. In some embodiments, the cells are cultured in the 
third medium for about 18 to about 24 days, such as for about 
20 to about 22 days, such as for about 18, 19, 20, 21, 22, 23 or 
24 days. In some embodiments, the cells are cultured in the 
third medium for a period of about 14 days to about four 
weeks, such about 14 days to about three weeks, such for 
about two weeks, for about 14, about 15, about 16, about 17, 
about 18, about 19, about 20, or about 21 days. Specific 
non-limiting examples are for 14 days to three weeks, one 
week to two weeks, one week to 10 days, one week to three 
weeks, or one week, two weeks or three weeks. In this con 
text, “about indicates within one day of the listed time. 
0175. After culture in the third medium the cells are cul 
tured in a fourth medium that includes about 3 to about 6 
percent serum, Such as about 5 percent serum. In some 
embodiments, the serum is fetal calf serum. In other embodi 
ments, the serum is human serum. The RPE medium includes 
a canonical WNT inhibitor, a non-canonical WNT inducer, 
and inhibitors of the Sonic and FGF pathway to produce 
differentiated RPE cells. 
0176 This medium also includes a canonical WNT inhibi 

tor, a non-canonical WNT inducer, and inhibitors of the Sonic 
and FGF pathways. In additional embodiments, the canonical 
WNT inhibitor is Dickkopf-related protein. This, in some 
examples, the medium includes about 50 to about 200 ng/ml 
of Dickkopf-related protein 1 (DKK1), such as about 50 to 
about 100 ng/ml of DKK1, such as about 40, 45, 50, 55, 60, 
65, 70, 75, 80, 85, 90 or 100 ng/ml of DKK1. In some 
embodiments, the non-canonical WNT induce is Want 5a. In 
one example, the fourth medium comprises about 50 to about 
200 ng/ml of the non-cannonical WNT inducer, such as 
WNT5a, such as about 50 to about 100 ng/ml, such as about 
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 or 100 ng/ml. In 
another example, the fourth medium comprises about 5 to 
about 20 uM Cycolopamine, such as about 5-10 uM Cyclo 
pamine, such as about 5, 6,7,8,9, or 10 uM Cyclopamine. In 
yet aother embodiments, the fourth medicum comprises 
about 5 to about 20 uM SU5402, such as about 5-10 uM 
SU5402, such as about 5, 6,7,8,9, or 10 uMSU5402. 
0177. The cells can be culture in the fourth medium for 
about 10 to about 20 days, such as for about 10, 11, 12, 13, 14, 
15, 16, 17, 18 or 19 days, such as for about two weeks, or for 
about 12 to about 16 days. 
0178. In some embodiments, the cells are also cultured in 
the fourth medium comprising 3 to about 6% serum, Such as 
about 3% to about 6% human serum or fetal calf serum, such 
as about 3%, 4%, 5% or 6% fetal calf serum. 
0179 Retinal pigment epithelial cells produced by the 
methods disclosed herein are cultured in the fourth medium 
containing aphidicolin for 6-8 weeks. In some embodiments, 
the retinal pigment epithelia cells are cultured, for example, in 
a tissue culture medium including aphidicolin at a concentra 

Dec. 24, 2015 

tion of about 3 uM to about 10 uM. In additional embodi 
ments, the retinal pigment epithelial cells are cultured in a 
tissue culture medium including about 3 LM, about 4 LM, 
about 5uM, about 6 uM, about 7 LM, about 8 LM, about 9 uM 
or about 10 uMaphidicolin. The retinal pigment epithelial 
cells can be cultured for about 4 to about 6 weeks in the tissue 
culture medium including aphidicolin, such as for about 4 
weeks, about 5 weeks, or about 6 weeks. In some embodi 
ments, the use of aphidicolin is sufficient to increase polar 
ization of the retinal pigment epithelial cells. 
0180. The methods disclosed herein efficiently produce 
RPE cells. Thus, using the methods disclosed herein, at least 
about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98% or 99% of the resultant cells are RPE cells. In some 
embodiments, a construct including the tyrosinase enhancer 
operably linked to a marker, such as a fluorescent protein, is 
included in the iPSCs. Using the methods disclosed herein, at 
least about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98% or 99% of the cells express this marker. 
0181. Following culture in the fourth medium the RPE 
cells can be maintained in culture. In some embodiments, the 
RPE cells are maintained in RPE medium (see above) includ 
ing comprising about 3 to about 6% serum, Such as about 3%, 
about 4%, about 5% or about 6% serum. The serum can be 
fetal serum. In some non-limiting examples, the serum is fetal 
calf serum. In other embodiment, the serum is human serum. 
The RPE cells can be maintained in RPE medium, comprising 
about 3% to about 6% serum, such as about 5% serum, for 
example about 5% fetal serum, for about six to about eight 
weeks. In some embodiments, the RPE cells are grown in 
transwells, such as in a 6-well, 12-well, 24-well, or 10 cm 
plate. The retinal pigment epithelial cells can be maintained 
in retinal pigment epithelial cell (RPE) medium comprising 
about 5% fetal serum for about four to about ten weeks, such 
as for about six to about eight weeks, such as for six, seven or 
eight weeks. 
0182. The method can also include confirming that the 
resultant cells are RPE cells. Method for this confirmation are 
disclosed below. 

Pharmaceutical Compositions and Use of RPE Cells 

0183 Disclosed herein are compositions, such as pharma 
ceutical compositions, including human RPE cells. In certain 
embodiments, the preparation is a preparation of iPSC-de 
rived RPE cells, such as, but not limited to RPE cells derived 
from an iPSC produced from a fetal RPE cell, such as a human 
fetal RPE cell. In certain embodiments, these compositions 
are substantially purified (with respect to non-RPE cells) 
preparations comprising differentiated RPE cells produced 
by the methods disclosed herein. These substantially purified 
populations are compositions that include at least 90%, 91%, 
92%.93%, 94%, 95%, 96%, 97%, 98%, 99%, or even greater 
than 99% RPE cells. Thus, the compositions contains less 
than 10%, 9%, 8%, 7%, 6%, 5%, 4%,3%, 2%, or less than 1% 
of cells that are not RPE cells. In certain embodiments, the 
compositions include at least about 1x10 RPE cells, about 
1x10" RPE cells, about 1x10 RPE cells, about 1x10 RPE 
cells, about 1x107 RPE cells, about 1x10 RPE cells, or about 
1x10 RPE cells. 

0184. In certain embodiments, the cells express one or 
more of the genes listed in Table 1 below. 







US 2015/0368713 A1 

TABLE 1-continued 

Gene Symbol 

ARL6IP1 
FAM18B 
MPHOSPH9 
BAT2D1 
WASL 
KLHL21 
TIMP3 
GRAMD3 
LGALS8. 
BCLAF1 
PCYOX1 
EID1 
LSR 
TM2B 
DCY9 
RIM1 
FEMP1 
NKRD12 
DH11 
RX 
LC24A1 

: R 
R B P 1 

Refseq # 

NM 0151.61 
NM 016078 
NM O22782 
NM O15172 
NMOO3941 
NM O14851 
NMOOO362 
NM 023927 
NM OO6499 
NM 014739 
NMO 16297 
NM O14335 
NM O15925 
NM O21999 
NM OO1116 
NM 016441 
NMOO4105 
NM O15208 
NM 016026 
NM 000554 
NM 004727 
NM 000280 
NM 021728 
NMOO2273 
NMOOO326 
NM OO6343 
NMOO5511 
NM 183236 
NMOOO275 
NMOO2242 
NM 000492 
NM 148960 
NM 182848 
NM OO6580 
NM OO1728 
NM 000091 
NM 153756 
NMOOO352 
NM 004366 
NMOO3106 
NMOO4235 
NM O53056 
NMOO2905 
NM OO1850 
NM OO1851 
NM 000424 
NMOOO264 
NMOO3486 
NM OO6516 
NM 000599 
NM 005555 
NM OO1332 
NMOOO346 
NMOO2241 
NM 000525 
NMOO4974 
NMOO4975 
NM 000718 
NM OO1885 
NM 004.048 
NMOOO194 
NM 012423 
NM 002046 
NM 001101 
SA 00105 
NMOOO338 
NMOO2467 
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0185. The cells can express at least 50, 100, 150, 200,250, 
300, 350, 360, 370 or all of these genes. In some embodi 
ments, the cells express MITF (GENBANKR Accession No. 
M 000248), PAX6 (GENBANKR Accession 
M 000280), LHX2 (GENBANKR Accession 
M 004789), TFEC (GENBANKR Accession 
M 012252), CDH1 (GENBANKR Accession 
M 004360), CDH3 (GENBANKR Accession 
M 001793), CLDN10 (GENBANKR Accession 
M 182848), CLDN16 (GENBANKR Accession 
M 006580), CLDN19 (GENBANKR Accession 
M 148960), BEST1 (GENBANKR Accession 
M 004183), TIMP3 (GENBANKR Accession 
M 000362), TRPM1 (GENBANKR Accession 
M 002420), TRPM3 (GENBANKR Accession 
M 020952), TTR (GENBANKR Accession 
M 000371), VEGFA (GENBANKR Accession 
M 003376), CSPG5 (GENBANKR Accession 
M 006574), DCT (GENBANKR Accession 
M 001922), TYRP1 (GENBANKR Accession 
M 000550), TYR (GENBANKR Accession 
M 000372), SILV (GENBANKR Accession 
M 006928), SIL1 (GENBANKR Accession No. 
M 022464), MLANA (NM 005511), RAB27A (GEN 

BANKR Accession No. NM 183236), OCA2 (GEN 
BANKR Accession No. NM 000275), GPR143 (GEN 
BANKR Accession No. NM 000273), GPNMB 
(GENBANKR Accession No. NM 002510), MYO6 (GEN 
BANKR Accession No. NM 004999), MYRIP (GEN 
BANKR Accession No. NM 015460), RPE65 (GEN 
BANKR Accession No. NM 000329), RBP1 
(GENBANKR Accession No. NM 002899), RBP4 (GEN 
BANKR Accession No. NM 006744), RDH5 (GEN 
BANKR Accession No. NM 002905), RDH11 (GEN 
BANKR Accession No. NM 016026), RLBP1 
(GENBANKR Accession No. NM 000326), MERTK 
(GENBANKR Accession No. NM 006343), ALDH1A3 
(GENBANKRAccession No. NM 000693), FBLN1 (GEN 
BANKR Accession No. NM 001996), SLC16A1 (GEN 
BANKR Accession No. NM 003051), KCNV2 (GEN 
BANKR Accession No. NM 133497), KCNJ13 
(GENBANKR Accession No. NM 002242), and CFTR 
(GENBANKR Accession No. NM 000492). In other 
embodiments, the RPE cells express 1,2,3,4,5,6,7,8,9, 10. 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 38, 39, 40 or all of 
these proteins. The GENBANKR) disclosures are incorpo 
rated by reference herein, as available on Jan. 31, 2013. 
0186. In some embodiments, the RPE cells express MITF. 
PAX6, LHX2, TFEC, CDH1, CDH3, CLDN10, CLDN16, 
CLDN19, BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, 
CSPG5, DCT, TYRP1, TYR, SILV, SIL1, MLANA, 
RAB27A, OCA2, GPR143, GPNMB, MYO6, MYRIP, 
RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, MERTK, 
ALDH1A3, FBLN1, SLC16A1, KCNV2, KCNJ13, and 
CFTR. 

0187. In further embodiments, the RPE cells also express 
one or more mciroRNAS. In specific non-limiting examples, 
the cells express one or more of mircorRNAs listed in Table 2. 

N 
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TABLE 2-continued 

Precursor Precursor Mature Mature 
miRNA miRNA Precursor miRNA miRNA 

Position Query Accession Sanger ID Version Accession Sanger ID 

74 hsa-miR-199a-5p MI0000242 hsa-mir-199a-1 14 MIMAT0000231 hsa-miR-199a-5p 
75 hsa-miR-92a MI0000093 hsa-mir-92a-1 14 MIMAT0000092 hsa-miR-92a 
76 hSa-miR-92a-1* MI0000093 hsa-mir-92a-1 14 MIMAT0004507 hsa-miR-92a-1* 
77 hsa-Let-7a MI0000060 hsa-let-7a-1 14 MIMAT0000062 hsa-let-7a 
78 hSa-Let-7a MI0000060 hsa-let-7a-1 14 MIMATOOO4481 hsa-let-7a 
79 hSa-Let-7a-2* MI0000061 hsa-let-7a-2 14 MIMAT00101.95 hsa-let-7a-2* 
8O hsa-miR-455-3p MI0003513 hsa-mir-455 14 MIMAT0004784 hsa-miR-455-3p 
81 hsa-miR-455-5p MI0003513 hsa-mir-455 14 MIMAT0003150 hsa-miR-455-5p 
82 hsa-miR-584 MI0003591 hsa-mir-584 14 MIMAT0003249 hsa-miR-584 
83 hsa-miR-886-5p MI0005527 hsa-mir-886 14 MIMAT0004905 hsa-miR-886-5p 
84 hsa-miR-34a MI0000268 hsa-mir-34a 14 MIMAT0000255 hsa-miR-34a 
85 hsa-miR-217 MI0000293 hsa-mir-217 14 MIMAT0000274 hsa-miR-217 
86 hsa-miR-186 MI0000483 hsa-mir-186 14 MIMAT0000456 hsa-miR-186 
87 hsa-miR-148a. MI0000253 hsa-mir-148a. 14 MIMAT0000243 hsa-miR-148a. 
88 hsa-miR-340 MI0000802 hsa-mir-340 14 MIMATOOO4692 hsa-miR-340 
89 SNORD48 NR OO2745 SNORD48 
90 SNORD47 NR OO2746 SNORD47 
91 SNORD44 NR OO2750 SNORD44 
92 RNU6-2 NR OO2752 RNU6-2 
93 miRTC NA miRTC 
94 miRTC NA miRTC 
95 PPC NA PPC 
96 PPC NA PPC 

0188 Thus, in some embodiments, the cells express at 0.192 Compositions are also provided that include a scaf 
least 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,70, 80, 
85, 90, 95 or all 96 of the miRNAs listed in Table 2. In one 
specific, non-limiting example, the cells express miR204 and 
miR211. 

0189 Control Genes include, but are not limited to, the 
genes listed in Table 3 below. 

TABLE 3 

POUSF1 NMOO2701 
T NMOO3181 
TF NM OO1063 
HOXBS NM 002147 
KRT23 NM O15515 
HOXA4 NM 002141 
VSX2 NM 182894 
AFP NM 001134 
FOXA2 NM 021784 
SMAD3 NMOO5902 
NANOG NM O24865 

0190. These genes are expressed in RPE cells and in con 
trol cells. Thus, in some embodiments, the RPE cells express 
one or more of these markers. The RPE cells can express 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10 or all of these markers. 

(0191). In yet other embodiments the RPE cells have a rest 
ing potential of about -50 to about -60 mV, and a fluid 
transport rate of about 5 to about 10 ulcmh'. In additional 
embodiments, the RPE cells express MITF, PAX6, LHX2, 
TFEC, CDH1, CDH3, CLDN10, CLDN16, CLDN19, 
BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, CSPG5, 
DCT, TYRP1, TYR, SILV, SILL MLANA, RAB27A, OCA2, 
GPR143, GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, MERTK, ALDH1A3, FBLN1, 
SLC16A1, KCNV2, KCNJ13, and CFTR, express miR204 
and miR211, have a resting potential of about -50 to about 
-60 mV and have a fluid transport rate of about 5 to about 10 
ul cm'h'. 

fold, Such as a polymeric carrier and/or an extracellular 
matrix, and an effective amount of the RPE cells disclosed 
herein. The extraceullar matrix can be a human extracellular 
matrix. The polymeric particle can be a microparticle. In 
Some embodiments, the cells are provided as a monolayer. 
0193 A variety of biological or synthetic solid matrix 
materials (i.e., Solid Support matrices, biological adhesives or 
dressings, and biological/medical scaffolds) are suitable for 
use. The matrix material is generally physiologically accept 
able and Suitable for use in Vivo applications. Non-limiting 
examples of Such physiolgocially acceptable materials 
include, but are not limited to, solid matrix materials that are 
absorbable and/or non-absorbable, such as small intestine 
submucosa (SIS), e.g., porcine-derived (and other SIS 
Sources); crosslinked or non-crosslinked alginate, hydrocol 
loid, foams, collagen gel, collagen sponge, polyglycolic acid 
(PGA) mesh, polyglactin (PGL) mesh, fleeces, and bioadhe 
sives (e.g., fibrin glue and fibrin gel). The polymer can be 
poly(DL)-lactic-co-glycolic) acid (PLGA) (see Lu et al., J. 
Biomater Sci Polym Ed. 9(11): 1187-205, 1998). In other 
embodiments, the matric includes poly(L-lactic acid) 
(PLLA) and poly(D.L-lactic-co-glycolic acid) (PLGA) such 
as with a co-polymer ratio of about 90:10, 75:25, 50:50, 
25:75, 10:90 (PLLA:PLGA) (see Thomson et al., J. Biomed. 
Mater Res. A 95: 1233-42, 2010). 
0194 Suitable polymeric carriers also include porous 
meshes or sponges formed of synthetic or natural polymers, 
as well as polymer Solutions, One nonlimiting form of a 
matrix is a polymeric mesh or sponge. Another non-limiting 
example is a polymeric hydrogel. Natural polymers that can 
be used include proteins such as collagen, albumin, and fibrin; 
and polysaccharides such as alginate and polymers of hyalu 
ronic acid. Synthetic polymers include both biodegradable 
and non-biodegradable polymers. Examples of biodegrad 
able polymers include polymers of hydroxy acids such as 
polylactic acid (PLA), polyglycolic acid (PGA), and polylac 
tic acid-glycolic acid (PLGA), polyorthoesters, polyanhy 
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drides, polyphosphaZenes, and combinations thereof. Non 
biodegradable polymers include polyacrylates, 
polymethacrylates, ethylene vinyl acetate, and polyvinyl 
alcohols. 

0.195 Polymers that can form ionic or covalently 
crosslinked hydrogels which are malleable can be used. A 
hydrogel is a Substance formed when an organic polymer 
(natural or synthetic) is crosslinked via covalent, ionic, or 
hydrogen bonds to create a three-dimensional open-lattice 
structure which entraps water molecules to form a gel. 
Examples of materials which can be used to form a hydrogel 
include polysaccharides Such as alginate, polyphosphazines, 
and polyacrylates, which are crosslinked ionically, or block 
copolymers such as PLURONICSTM or TETRONICSTM, 
polyethylene oxide-polypropylene glycol block copolymers 
which are crosslinked by temperature or pH, respectively. 
Other materials include proteins such as fibrin, polymers such 
as polyvinylpyrrolidone, hyaluronic acid and collagen. 
0196. In general, these polymers are at least partially 
soluble in aqueous solutions, such as water, buffered salt 
Solutions, or aqueous alcohol solutions that have charged side 
groups, or a monovalent ionic salt thereof. Examples of poly 
mers with acidic side groups that can be reacted with cations 
are poly(phosphaZenes), poly(acrylic acids), poly(meth 
acrylic acids), copolymers of acrylic acid and methacrylic 
acid, poly(vinyl acetate), and Sulfonated polymers, such as 
Sulfonated polystyrene. Copolymers having acidic side 
groups formed by reaction of acrylic or methacrylic acid and 
vinyl ether monomers or polymers can also be used. 
Examples of acidic groups are carboxylic acid groups, Sul 
fonic acid groups, halogenated (preferably fluorinated) alco 
hol groups, phenolic OH groups, and acidic OH groups. 
Examples of polymers with basic side groups that can be 
reacted with anions are poly(vinyl amines), poly(vinyl pyri 
dine), poly(vinyl imidazole), and some imino Substituted 
polyphosphaZenes. The ammonium or quaternary salt of the 
polymers can also he formed from the backbone nitrogens or 
pendant imino groups. Examples of basic side groups are 
amino and imino groups. 
0.197 Non-limiting examples of suitable materials for the 
Substrate include parylene polypropylene, polyimide, glass, 
nitinol, polyvinyl alcohol, polyvinyl pyrolidone, collagen, 
chemically-treated collagen, polyethersulfone (PES), poly 
(glycerol-sebacate) PGS, poly(styrene-isobutyl-styrene), 
polyurethane, ethyl vinyl acetate (EVA), polyetherether 
ketone (PEEK), Kynar (Polyvinylidene Fluoride; PVDF), 
Polytetrafluoroethylene (PTFE), Polymethylmethacrylate 
(PMMA), Pebax, acrylic, polyolefin, polydimethylsiloxane 
(PDMS) and other silicone elastomers, polypropylene, 
hydroxyapetite, titanium, gold, silver, platinum, other metals 
and alloys, ceramics, plastics and mixtures or combinations 
thereof. Additional suitable materials used to construct cer 
tain embodiments of the substrates include, but are not lim 
ited to, poly-para-xylylenes (e.g., parylene, including but not 
limited to parylene A, parylene AM, parylene C, ammonia 
treated parylene, parylene C treated with polydopamine), 
poly(lactic acid) (PLA), polyethylene-vinyl acetate, poly(lac 
tic-co-glycolic acid) (PLGA), poly(D.L-lactide), poly(D.L- 
lactide-co-trimethylene carbonate), collagen, heparinized 
collagen, denatured collagen, modified collagen (e.g., sili 
cone with gelatin), other cell growth matrices (such as SYN 
THEMAXTM), poly(caprolactone), poly(glycolic acid), and/ 
or other polymer, copolymers, or block co-polymers, poly 
(caprolactone) containing cyclic Arginine-Glycine 
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Asparagine, cyclic or linear Arginine-Glycine-aspartic acid, 
blends of polycaprolactone and polyethylene glycol (PCL 
PEG), thermoplastic polyurethanes, silicone-modified poly 
ether urethanes, poly(carbonate urethane), or polyimide. 
Thermoplastic polyurethanes are polymers or copolymers 
which may comprise aliphatic polyurethanes, aromatic poly 
urethanes, polyurethane hydrogel-forming materials, hydro 
philic polyurethanes, or combinations thereof. Non-limiting 
examples include elasthane (poly(ether urethane)) Such as 
ELASTHANETM 80A, Lubrizol, TECOPHILICTM, PELLE 
THANETM, CARBOTHANETM, TECOTHANETM, TECO 
PLASTTM, AND ESTANETM. Silicone-modified polyether 
urethanes may include CARBOSILTM 20 or PURSILTM 20 
80A, and the like. Poly(carbonate urethane) may include 
BIONATETM 80A or similar polymers. Moreover, in several 
embodiments the Substrate (and/or the cells) comprises mate 
rials (or chemicals) that allow for visualization of the sub 
strate in situ, which are unaffected by the cryopreservation 
(and thawing) of the Substrate and cells 
0198 The retinal pigment epithelial cells produced by the 
methods disclosed herein can be cryopreserved, see for 
example, PCT Publication No. 2012/149484 A2, which is 
incorporated by reference herein. The cells can be cryopre 
served with or without a substrate. In several embodiments, 
the storage temperature ranges from about -50° C. to about 
-60° C., about -600° C. to about -70° C., about -70° C. to 
about -80°C., about -80° C. to about-90° C., about -90° C. 
to about -100° C., and overlapping ranges thereof. In some 
embodiments, lower temperatures are used for the storage 
(e.g., maintenance) of the cryopreserved cells. In several 
embodiments, liquid nitrogen (or other similar liquid coolant) 
is used to store the cells. In further embodiments, the cells are 
stored for greater than about 6 hours. In additional embodi 
ments, the cells are stored about 72 hours. In several embodi 
ments, the cells are stored 48 hours to about one week. In yet 
other embodiments, the cells are stored for about 1, 2, 3, 4, 5, 
6, 7, or 8 weeks. In further embodiments, the cells are stored 
for 1,2,3,4,5,6,7,8,9, 10, 11 or 12 months. The cells can also 
be stored for longer times. The cells can be cryopreserved 
separately or on a Substrate. Such as any of the Substrates 
disclosed herein. 

0199. A general method of cryopreserving cells is dis 
closed herein, that can be used for cryopreservation of any 
cell type, such as stem cells, including iPSCs, and differenti 
ated cells, such as retinal pigment epithelial cells. The method 
includes the use of alginate. “Alginate' (or “alginic acid' or 
“algin”) refers to the anionic polysaccharide distributed 
widely in the cell walls of brown algae. Alginate forms water 
soluble salts with alkali metals, such as Sodium, potassium, 
lithium, magnesium, ammonium, and the Substituted ammo 
nium cations derived from lower amines, such as methyl 
amine, ethanolamine, diethanolamine, and triethanolamine. 
Alginate includes calcium alginate, sodium alginate, propy 
lene-glycol alginate, and potassium alginate. 
0200. In some embodiments, cells, such as the disclosed 
retinal pigment epithelial cells are contacted with an effective 
amount of alginate. The cells are contacted with alginate, and 
then exposed to divalent cations, such as Calcium, Barium, 
Copper, Zinc or Strontium) which results in cross-linking of 
the alginate polymers in the cell/liquid alginate Suspension 
(see for example, U.S. Published Patent Application No. 
2012/0171295, incorporated herein by reference). In certain 
embodiments, the divalent cation used to cross-link the algi 
nate in the cell/liquid alginate solution is calcium chloride 
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(CaCl), barium chloride (BaCl), strontium chloride (SrCl), 
copper chloride (CuCl2), or zinc chloride (ZnCl2). In a spe 
cific embodiment, the divalent cation used to cross-link the 
alginate in the cell/liquidalginate Solution is calcium chloride 
(CaCl). In certain embodiments, the solution of divalent 
cation comprises about 0.5%, about 0.75%, about 1.0%, 
about 1.25%, about 1.5%, about 1.75%, or about 2.0% diva 
lent cation. In a specific embodiment, the solution of divalent 
cation comprises 1.5% divalent cation, e.g., CaCl. 
0201 In some embodiments, additional cryoprotectants 
can be used. For example, the cells can be cryopreserved in a 
cryopreservation Solution comprising one or more cryopro 
tectants, such as DMSO, serum albumin, Such as human or 
bovine serum albumin. In certain embodiments, the Solution 
comprises about 1%, about 1.5%, about 2%, about 2.5%, 
about 3%, about 4%, about 5%, about 6%) about 7%, about 
8%, about 9%, or about 10% DMSO. In other embodiments, 
the solution comprises about 1% to about 3%, about 2% to 
about 4%, about 3% to about 5%, about 4% to about 6%, 
about 5% to about 7%, about 6% to about 8%, about 7% to 
about 9%, or about 8% to about 10% DMSO or albumin. In a 
specific embodiment, the solution comprises 2.5% DMSO. In 
another specific embodiment, the solution comprises 10% 
DMSO. 

0202 Cells can be cryopreserved in small containers (e.g., 
ampoules); in bags suitable for cryopreservation; or in any 
other Suitable container for cryopreservation. In some 
embodiments, cells are cryopreserved in commercially avail 
able cryopreservation medium. The cells can be cryopre 
served in a cryopreservation solution comprising one or more 
Solutions for use in storing cells. Cryopreservation solutions 
included CryoStor CS10R and HYPOTHERMOSO1(R) (Bi 
oLife Solutions. Bothell, Wash.)). In certain embodiments, 
the solution comprises about 25%, about 30%, about 35%, 
about 40%, about 45%, about 50%, about 55%, about 60%, 
about 65%, or about 70% HYPOTHERMOSOL(R). In other 
embodiments, the solution comprises about 25% to about 
50%, about 40% to about 60%, about 50% to about 60%, 
about 50% to about 70%, or about 60% to about 70% HYPO 
THERMOSOL(R). In a specific embodiment, the solution 
comprises 55% HYPOTHERMOSOL(R). In another specific 
embodiment, the solution comprises 57.5% HYPOTHER 
MOSOL(R). In additional embodiments, the cryopreservation 
Solution can include one or more excipients, such as dextran, 
Starch, glucose, lactose, Sucrose, gelatin, silica gel, glycerol 
monostearate, sodium chloride, glycerol, propylene, and/or 
glycol. The cryopreservation Solution can include media, 
such as the media disclosed herein. In additional embodi 
ments, the medium can be phosphate buffered saline or Dul 
becco's Modified Eagle's Medium (DMEM). 
0203 Cells may be cooled, for example, at about 1° 
C./minute during cryopreservation. In some embodiments, 
the cryopreservation temperature is about -80° C. to about 
-180° C., or about -125° C. to about -140° C. In some 
embodiments, the cells are cooled to 4°C. prior to cooling at 
about 1°C/minute. Cryopreserved cells can be transferred to 
vapor phase of liquid nitrogen prior to thawing for use. In 
Some embodiments, for example, once the cells have reached 
about -80°C., they are transferred to a liquid nitrogen storage 
area. Cryopreservation can also be done using a controlled 
rate freezer. Cryopreserved cells may be thawed, e.g., at a 
temperature of about 25°C. to about 40°C., and typically at 
a temperature of about 37° C. 
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0204 The human RPE cells described herein, or a phar 
maceutical composition including these cells, can be used for 
the manufacture of a medicament to treat a condition in a 
patient in need thereof. The RPE cells can be previously 
cryopreserved. The disclosed RPE cells are derived from 
iPSCs, and thus can be used to provide “personalized medi 
cine’ for patients with eye diseases. In some embodiments, 
Somatic cells obtained from patients can be genetically engi 
neered to correct the disease causing mutation, differentiated 
into RPE, and engineered to form an RPE tissue. This RPE 
tissue can be used to replace the endogenous degenerated 
RPE of the same patient. Alternatively, iPSCs can be gener 
ated from a healthy donor or from HLA homozygous “super 
donors' can be used. RPE cells can be treated in vitro with 
certain factors. Such as pigment epithelium-derived factor 
(PEDF), transforming growth factor (TGF)-beta, and/or ret 
inoic acid to generate an anti-inflammatory and immunosup 
pressive environment in vivo. 
0205 Various eye conditions may be treated or prevented 
by the introduction of the RPE cells obtained using the meth 
ods disclosed herein. The conditions include retinal diseases 
or disorders generally associated with retinal dysfunction or 
degradation, retinal injury, and/or loss of retinal pigment 
epithelium. Conditions that can be treated include, without 
limitation, degenerative diseases of the retina, Such as Star 
gardt's macular dystrophy, retinitis pigmentosa, macular 
degeneration (Such as age related macular degeneration), 
glaucoma, and diabetic retinopathy. Additional conditions 
include Lebers congenital amaurosis, hereditary or acquired 
macular degeneration, Best disease, retinal detachment, 
gyrate atrophy, choroideremia, pattern dystrophy, other dys 
trophies of the RPE, and RPE and retinal damage due to 
damage caused by any one of photic, laser, inflammatory, 
infectious, radiation, neovascular or traumatic injury. In cer 
tain embodiments, methods are provided for treating or pre 
venting a condition characterized by retinal degeneration, 
comprising administering to a subject in need thereof an 
effective amount of a composition comprising RPE cells. 
These methods can include selecting a Subject with one or 
more of these conditions, and administering a therapeutically 
effective amount of the RPE cells sufficient to treat the con 
dition and/orameliorate symptoms of the condition. The RPE 
cells may be transplanted in various formats. For example, the 
RPE cells may be introduced into the target site in the form of 
cell Suspension, or adhered onto a matrix, extracellular matrix 
or Substrate Such as a biodegradable polymer, as a monolayer, 
or a combination. The RPE cells may also be transplanted 
together (co-transplantation) with other retinal cells, such as 
with photoreceptors. In some embodiments, the RPE cells are 
produced from iPSCs from the subject to be treated, arid thus 
are autologous. In other embodiments, the RPE cells are 
produced from an MHC-matched donor. The RPE cells can 
be introduced to various target sites within a subject’s eye. In 
some embodiments, RPE cells are introduced, such as by 
transplantation, to the Subretinal space of the eye, which is the 
anatomical location of the RPE (between the photoreceptor 
outer segments and the choroids) in mammals. In addition, 
dependent upon migratory ability and/or positive paracrine 
effects of the cells, introduction into additional ocular com 
partments can be considered, such as the vitreal space, the 
inner or outer retina, the retinal periphery and within the 
choroids. 

0206. The cells can be introduced by various techniques 
known in the art. Methods for performing RPE transplants are 
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disclosed in, for example, in U.S. Pat. No. 5,962,027, U.S. 
Pat. No. 6,045,791, and U.S. Pat. No. 5,941,250; Biochem 
Biophys Res Commun Feb. 24, 2000; 268(3): 842-6; and 
Opthalmic Surg February 1991; 22(2): 102-8). Methods for 
performing corneal transplants are described in, for example, 
U.S. Pat. No. 5,755,785; Curr Opin Opthalmol August 1992: 
3 (4): 473-81: Ophthalmic Surg Lasers April 1998; 29 (4): 
305-8; and Opthalmology April 2000; 107 (4): 719-24. In 
Some embodiments, transplantation is performed via pars 
pana vitrectomy surgery followed by delivery of the RPE 
cells through a small retinal opening into the Sub-retinal space 
or by direct injection. Alternatively, RPE cells can be deliv 
ered into the Subretinal space via a trans-Scleral, trans-chor 
oidal approach. In addition, direct trans-Scleral injection into 
the vitreal space or delivery to the anterior retinal periphery in 
proximity to the ciliary body can be performed. 
0207. The cells can also be incorporated into a delivery 
device. If mainly paracrine effects are to be utilized, cells can 
be delivered and maintained in the eye encapsulated within a 
semi-permeable container, which decreases exposure of the 
cells to the host immune system (Neurotech USA CNTF 
delivery system; PNAS. 103(10) 3896-3901, 2006). 
0208. The RPE cells can be introduced into the target site 
in the form of cell Suspension, adhered onto a matrix. Such as 
extracellular matrix, or provided on Substrate Such as a bio 
degradable polymer. The RPE cells can also be transplanted 
together (co-transplantation) with other cells, such as retinal 
cells with photoreceptors. Thus, a composition comprising 
RPE cells obtained by the methods disclosed herein is pro 
vided. In some embodiments, these RPE cells include a tyro 
sinase enhancer operably linked to a promoter and a nucleic 
acid encoding a marker. In other embodiments, the RPE cells 
also include a second constitutive promoter operably linked 
to a nucleic acid encoding a second marker. 

Screening Methods and Identification of RPE Cells 

0209 Methods are also provided for the identification of 
RPE cells, and/or confirming a cell is an RPE cell. The cells 
can be produced using the methods disclosed herein. 
0210. A method is provided herein for identifying an agent 
that alters the differentiation and/or proliferation of RPE 
cells. In some embodiments, methods are provided for iden 
tifying an agent that alters the proliferation of RPE cells. The 
methods include contacting an RPE cell with an effective 
amount of an agent of interest. In some embodiments, meth 
ods are provided for identifying an agent that increases dif 
ferentiation of RPE. 

0211. In additional embodiments, methods are provided 
for identifying an agent that affects RPE cell survival, and/or 
changes the endogenous expression of genes in RPE cells. 
Therapeutic agents can be identified for the treatment of 
disease using these methods. In some embodiments, methods 
are provided for identifying an agent that affects the epithelial 
phenotype of RPE cells. The method includes contacting 
iPSCs, RPEs, or embryoid bodies with the agent of interest, 
and assaying the production and/or Survival and/or phenotype 
of RPE cells. The agent can be introduced into any step of the 
methods disclosed herein. 

0212 RPE cells produced using the methods disclosed 
herein, or other RPE cells, can also be contact with an agent, 
and assessed using the methods disclosed below. These meth 
ods can be used to identify agents that affect expression of 
genes, or to identify agents that affect survival of RPE cells. In 
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some embodiments, the RPE cells are treated with a stressor, 
such as thapsigargin, A23 187, DL-dithiotreitol, or 2-deoxy 
D-glucose. 
0213. The test compound can be any compound of inter 
est, including chemical compounds, Small molecules, 
polypeptides, growth factors, cytokines, or other biological 
agents (for example antibodies). In several examples, a panel 
of potential neurotrophic agents are screened. In other 
embodiments a panel of polypeptide variants is screened. 
0214. In some embodiments, methods are provided for 
determining if an agent of interest increases the differentia 
tion of retinal pigment epithelial cells. The method includes 
culturing the embryoid bodies produced from human induced 
pluripotent stem cells comprising a nucleic acid encoding a 
first marker operably linked to a retinal pigment epithelial cell 
specific promoter, and comprising a second marker operably 
linked to a constitutive promoter, as disclosed above, in a first 
medium comprising two Wnt pathway inhibitor and a Nodal 
pathway inhibitor. The embryoid bodies are plated on a tissue 
culture Substrate in a second medium that (a) does not com 
prise beta fibroblast growth fact (bFGF) (b) comprises a basic 
fibroblast growth factor (bFGF) inhibitor, the two Wnt path 
way inhibitors, and the Nodal pathway inhibitor; and (c) 
comprises about 20 to about 90 ng of Noggin to form differ 
entiating retinal pigment epithelial cells. The differentiating 
retinal pigment epithelial cells are cultured in a third medium 
comprising ACTIVAN A and WNT3a. The cells are then 
cultured in a fourth retinal pigment epithelial cell (RPE) 
medium comprising about 5% fetal serum, a canonical WNT 
inhibitor, a non-canonical WNT inducer, and inhibitors of the 
Sonic and FGF pathway to producing human retinal pigment 
epithelial cells. Suitable methods are disclosed herein. 
0215 One, several or all of these steps are performed in the 
presence of the agent of interest. The expression of the first 
marker in the retinal pigment epithelial cells is compared to 
the expression of the second marker, wherein an increase in 
expression of the first marker as compared to the second 
marker indicates that the agent increases the differentiation of 
retinal pigment epithelial cells 
0216 Methods for preparing a combinatorial library of 
molecules that can be tested for a desired activity are well 
known in the art and include, for example, methods of making 
a phage display library of peptides, which can be constrained 
peptides (see, for example, U.S. Pat. No. 5,622,699; U.S. Pat. 
No. 5,206,347; Scott and Smith, Science 249:386-390, 1992: 
Markland et al., Gene 109:13-19, 1991), a peptide library 
(U.S. Pat. No. 5.264.563); an FDA-approved drug library 
(see, for example, Huang, E: Southall, N: Wang, Y et al., 
Science Translational Medicine 3: 1-12); a peptidomimetic 
library (Blondelle et al., Trends Anal Chem. 14:83-92, 1995); 
a nucleic acid library (O'Connell et al., Proc. Natl Acad. Sci., 
USA 93:5883-5887, 1996; Tuerk and Gold, Science 249:505 
510, 1990; Gold et al., Ann. Rev. Biochem. 64:763-797, 
1995); an oligosaccharide library (York et al., Carb. Res. 
285:99-128, 1996; Liang et al., Science 274: 1520-1522, 
1996; Ding et al., Adv. Expt. Med. Biol. 376:261-269, 1995); 
a lipoprotein library (de Kruifet al., FEBS Lett. 399:23 2-23 
6, 1996); a glycoprotein or glycolipid library (Karaoglu et al., 
J Cell Biol. 130.567-577, 1995); or a chemical library con 
taining, for example, drugs or other pharmaceutical agents 
(Gordon et al., J.Med. Chem. 37.1385-1401, 1994: Ecker and 
Crooke, BioTechnology 13:351-360, 1995). Polynucleotides 
can be particularly useful as agents that can alter a function of 
cells (such as, but not limited to iPSCs, embryoid bodies and 
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RPE cells) because nucleic acid molecules having binding 
specificity for cellular targets, including cellular polypep 
tides, exist naturally, and because synthetic molecules having 
Such specificity can be readily prepared and identified (see, 
for example, U.S. Pat. No. 5,750,342). 
0217. In one embodiment, for a high throughput format, 
iPSCs, embryoid bodies or RPE progenitors can be intro 
duced into wells of a multi-well plate or of a glass slide or 
microchip, and can be contacted with the test agent. Gener 
ally, the cells are organized in an array, particularly an addres 
sable array, such that robotics conveniently can be used for 
manipulating the cells and Solutions and for monitoring the 
stem or precursor cells, particularly with respect to the func 
tion being examined. An advantage of using a high through 
put format is that a number of test agents can be examined in 
parallel, and, if desired, control reactions also can be run 
under identical conditions as the test conditions. As such, the 
methods disclosed herein provide a means to Screen one, a 
few, or a large number of test agents in order to identify an 
agent that can alter a function of cells, for example, an agent 
that induces the cells to differentiate into a desired cell type, 
or that affects differentiation, survival and/or cell prolifera 
tion. High throughput screens can be used to assess pheno 
type and Survival. These screens can be used to identify drugs 
that can affect RPE phenotype and survival. In some embodi 
ments, RPE phenotype is assayed by loss/gain of a fluorescent 
signal and Survival is assayed (such as by an ATP based cell 
titer glow assay). 
0218. These methods can include evaluating expression of 
one or more of the genes listed in Table 1, Table A or FIG. 
27C. In some embodiments, the expression of 50, 100, 150, 
200, 250,300,350,360,370 or all of the genes listed in Table 
1 can be assessed. For any of these methods, the expression of 
one or more of MITF (GENBANKR Accession No. 
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M 000248), 
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M 006574), 
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M 000550), 
M 000372), 
M 006928), 
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M 022464), MLANA (NM 005511), RAB27A (GEN 
BANKR Accession No. NM 183236), OCA2 (GEN 
BANKR Accession No. NM 000275), GPR143 (GEN 
BANKR Accession No. NM 000273), GPNMB 
(GENBANKR Accession No. NM 002510), MYO6 (GEN 
BANKR Accession No. NM 004999), MYRIP (GEN 
BANKR Accession No. NM 015460), RPE65 (GEN 
BANKR Accession No. NM 000329), RBP1 
(GENBANKR Accession No. NM 002899), RBP4 (GEN 
BANKR Accession No. NM 006744), RDH5 (GEN 

Dec. 24, 2015 

BANKR Accession No. NM 002905), RDH11 (GEN 
BANKR Accession No. NM 016026), RLBP1 
(GENBANKR Accession No. NM 000326), MERTK 
(GENBANKR Accession No. NM 006343), ALDH1A3 
(GENBANKRAccession No. NM 000693), FBLN1 (GEN 
BANKR Accession No. NM 001996), SLC16A1 (GEN 
BANKR Accession No. NM 003051), KCNV2 (GEN 
BANKR Accession No. NM 133497), KCNJ13 
(GENBANKR Accession No. NM 002242), and CFTR 
(GENBANKRAccession No. NM 000492)RNA or protein 
is assessed. The GENBANKR) disclosures are incorporated 
by reference herein, as available on Jan. 31, 2013. Increased 
expression of the one or more mRNAs or proteins following 
exposure to the agent, as compared to iPSC or embryoid 
bodies not contacted with the agent, indicates that the agent 
affects RPE cell differentiation, survival and/or proliferation, 
specifically that it increases RPE cell differentiation, survival 
and/or proliferation. Decreased expression of the one or more 
mRNAS or proteins following exposure to the agent, as com 
pared to iPSC or embryoid bodies not contacted with the 
agent, indicates that the agent affects RPE cell differentiation, 
survival and/or proliferation, specifically that it decreases 
RPE cell differentiation, survival and/or proliferation. 
0219. In other embodiments, 1, 2, 3, 4, 5, 6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 32,33, 34,35, 36, 37,38, 38, 39, 40 or all of these 
mRNAS or proteins is assessed. Increased expression of 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33,34, 35,36, 37,38, 
38, 39, 40 or all of these mRNAs or proteins indicates that the 
agent increases RPE cell differentiation, survival and/or pro 
liferation. Decreased expression of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 38, 39, 40 or all of 
these mRNAS or proteins indicates that the agent decreases 
RPE cell differentiation, survival and/or proliferation. 
0220. In some embodiments, the expression of MITF. 
PAX6, LHX2, TFEC, CDH1, CDH3, CLDN10, CLDN16, 
CLDN19, BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, 
CSPG5, DCT, TYRP1, TYR, SILV, SIL1, MLANA, 
RAB27A, OCA2, GPR143, GPNMB, MYO6, MYRIP, 
RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, MERTK, 
ALDH1A3, FBLN1, SLC16A1, KCNV2, KCNJ13, and 
CFTR is assessed. Increased expression indicates that the 
agent increases RPE cell differentiation, survival or prolifera 
tion. Decreased expression indicates that the agent decreases 
RPE cell differentiation, survival or proliferation. The expres 
sion of one or a combination of these markers also can be used 
to confirm that a cell is a RPE cell. 

0221. In additional embodiments, the expression of at 
least 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,70, 80, 
85,90, 95 or all 96 of the miRNAs listed in Table 2 is assessed. 
In further embodiments, the production of miR204 (GEN 
BANKR Accession No. NR 029621.1, Dec. 9, 2012, incor 
porated herein by reference) and/or miR211 (GENBANKR) 
Accession No. NR 029624.1, Sep. 23, 2012, incorporated 
herein by reference) is assessed. Increased production of one 
or both of the microRNAs indicates that the agent affects RPE 
cells differentiation and/or proliferation, or confirms that the 
cell is an RPE. Increased expression indicates that the agent 
increases RPE cell differentiation, survival or proliferation. 
Decreased expression indicates that the agent decreases RPE 
cell differentiation, survival or proliferation. These miRNAs 
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can be detected using the exemplary methods for detecting 
nucleic acids disclosed above. 
0222. In other embodiments, the expression of one or 
more of the genes listed in Table 3 is also assessed. The 
expression of these genes can be used as a control. Such as a 
reference standard. Thus, in Some embodiments, the expres 
sion of these genes does not change in the presence of the 
agent of interest. These genes can also be used as reference 
standards. 
0223) In yet other embodiments, expression of one or 
more of the molecules listed in FIG. 27C is evaluated. Thus, 
in some embodiments, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 of the 
molecules listed in FIG. 27C are evaluated. In additional 
embodiment, expression of one or more of the molecules 
listed in Table A is evaluated. The expression of 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34, 35, 36, or 37 of the 
molecules listed in Table A can be evaluated. 
0224. In yet other embodiments, the expression of one or 
more of SOX2 (e.g., GENBANKR Accession No. 
NM 003106), PAX6 (e.g., GENBANKR Accession No. 
NM 001604), RPE65 (e.g., GENBANKR Accession No. 
NM 000329), RDH5, (e.g., GENBANKR Accession No. 
NM 000329), TRPM1 (e.g., GENBANKR Accession No. 
NM 002420) and BEST1 (e.g., GENBANKR Accession 
No. NM 004183) is evaluated, all GENBANKR Accession 
information incorporated by reference as available on Jan. 31, 
2013. In some embodiments, compared to undifferentiated 
iPSCs, iPSC-derived RPE expresses lower levels of neural 
progenitor factor SOX2 and much higher levels of RPE 
specific genes PAX6, RPE65, RDH5, TRPM1, and BEST1. 
0225. The methods can include determining if an agent of 
interest increases the differentiation iPSCs into RPE cells. If 
the agent increases the differentiation into RPE cells, the 
expression of SOX2 is decreased and the expression of PAX6. 
RPE65, RDH5, TRPM1, and BEST1 is increased in the 
sample as compared to a control. In another embodiment, the 
expression of SOX2 is decreased and the expression of two, 
three, four or five of PAX6, RPE65, RDH5, TRPM1, and 
BEST1 are increased in the sample as compared to a control. 
The control can be a standard value or a sample contacted 
with an agent known not to increase the differentiation into 
RPE cells. The methods can also include determining if an 
agent of interest decreases the differentiation of iPSCs into 
RPE cells, and thus maintains the iPSCs in an undifferenti 
ated state. If the agent decreases the differentiation into RPE 
cells, the expression of SOX2 is increased and the expression 
of PAX6, RPE65, RDH5, TRPM1, and BEST1 is decreased 
as compared to a control. In another embodiment, if the agent 
decreased differentiation into RPE cells, the expression of 
SOX2 is increased and the expression of two, three, four or 
five of PAX6, RPE65, RDH5, TRPM1, and BEST1 are 
decreased in the sample as compared to a control. The control 
can be a standard value or a sample construed with an agent 
known to increase differentiation into RPE cells. Exemplary 
non-limiting assays are disclosed in Example 8. 
0226 Nucleic acids can be detected by any method known 
in the art. In some examples, nucleic acids are isolated, ampli 
fied, or both, prior to detection. In an example, cells or a 
fraction thereof. Such as purified nucleic acids, can be incu 
bated with primers that permit the amplification of one or 
more of mRNAs, under conditions sufficient to permit ampli 
fication of such products. For example, the biological sample 
is incubated with primers or probes that can bind to one or 
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more of the disclosed nucleic acid sequences (such as cDNA, 
genomic DNA, or RNA (such as mRNA) under high strin 
gency conditions. The resulting hybridization can then be 
detected using methods known in the art. 
0227. The nucleic acid sample can be amplified. If a quan 
titative result is desired, a method is utilized that maintains or 
controls for the relative frequencies of the amplified nucleic 
acids. Methods of “quantitative' amplification are well 
known to those of skill in the art. For example, quantitative 
PCR involves simultaneously co-amplifying a known quan 
tity of a control sequence using the same primers. This pro 
vides an internal standard that can be used to calibrate the 
PCR reaction. The array can then include probes specific to 
the internal standard for quantification of the amplified 
nucleic acid. 
0228 Suitable amplification methods include, but are not 
limited to, polymerase chain reaction (PCR) (see Innis et al., 
PCR Protocols, A guide to Methods and Application, Aca 
demic Press, Inc. San Diego, 1990), ligase chain reaction 
(LCR) (see Wu and Wallace, Genomics 4:560, 1989; Lande 
gren et al., Science 241:1077, 1988; and Barringer, et al., 
Gene 89:117, 1990), transcription amplification (Kwoh et al., 
Proc. Natl. Acad. Sci. U.S.A. 86: 1173, 1989), and self-sus 
tained sequence replication (Guatelli et al., Proc. Nat. Acad. 
Sci. U.S.A. 87: 1874, 1990). In one embodiment, the sample 
mRNA is reverse transcribed with a reverse transcriptase and 
a primer consisting of oligo dT and a sequence encoding the 
phage T7 promoter to provide single stranded DNA template 
(termed “first strand”). The second DNA strand is polymer 
ized using a DNA polymerase. After synthesis of double 
stranded cDNA, T7 RNA polymerase is added and RNA is 
transcribed from the cDNA template. Successive rounds of 
transcription from each single cDNA template results in 
amplified RNA. 
0229 Methods of in vitro polymerization are well known 
to those of skill in the art (see, for example, Sambrook, Supra; 
Van Gelder et al., Proc. Natl. Acad. Sci. U.S.A. 87:1663 
1667, 1990). The direct transcription method provides an 
antisense (aRNA) pool. Where antisense RNA is used as the 
target nucleic acid, the oligonucleotide probes provided in the 
array are chosen to be complementary to Subsequences of the 
antisense nucleic acids. Conversely, where the target nucleic 
acid pool is a pool of sense nucleic acids, the oligonucleotide 
probes are selected to be complementary to Subsequences of 
the sense nucleic acids. Finally, where the nucleic acid pool is 
double stranded, the probes may be of either sense as the 
target nucleic acids include both sense and antisense strands. 
0230. In one embodiment, the hybridized nucleic acids are 
detected by detecting one or more labels attached to the 
sample nucleic acids. The labels can be incorporated by any 
of a number of methods. In one example, the label is simul 
taneously incorporated during the amplification step in the 
preparation of the sample nucleic acids. Thus, for example, 
polymerase chain reaction (PCR) with labeled primers or 
labeled nucleotides will provide a labeled amplification prod 
uct. In one embodiment, transcription amplification, as 
described above, using a labeled nucleotide (Such as fluores 
cein-labeled UTP and/or CTP) incorporates a label into the 
transcribed nucleic acids. In some embodiments, a multiplex 
PCR assay is utilized. The assay can be a multiplex assay. 
0231. An exemplary assay for assessing expression of 
gene expression is shown in FIG. 27. In this assay, a first probe 
specific to a first gene of interest is attached to a first detect 
able bead. Addition probes can be included in the assay, such 
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that it is a multiplex assay. Thus, the assay an include a second 
probe specific to a second gene of interest attached to a second 
detectable label, a third probe specific to a third gene of 
interest attached to a third detectable label, etc. In some 
embodiments a single well can include 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, or 30 probes, each specific to a different gene of 
interest, and each attached to a unique detectable label. In this 
manner, the expression of 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 
30 genes can be evaluate in each assay. Exemplary probes are 
shown in FIG. 27B. 
0232 Alternatively, a label may be added directly to the 
original nucleic acid sample (such as mRNA, polyA mRNA, 
cDNA, etc.) or to the amplification product after the amplifi 
cation is completed. Means of attaching labels to nucleic 
acids are well knownto those of skill in theart and include, for 
example, nick translation or end-labeling (e.g. with a labeled 
RNA) by kinasing of the nucleic acid and Subsequent attach 
ment (ligation) of a nucleic acid linker joining the sample 
nucleic acid to a label (e.g., a fluorophore). 
0233. Detectable labels suitable for use include any com 
position detectable by spectroscopic, photochemical, bio 
chemical, immunochemical, electrical, optical or chemical 
means. Useful labels include biotin for staining with labeled 
streptavidin conjugate, magnetic beads (for example DYNA 
BEADSTM), fluorescent dyes (for example, fluorescein, 
Texas red, rhodamine, green fluorescent protein, and the like), 
radiolabels (for example, H, °I, S, ''C, or P), enzymes 
(for example, horseradish peroxidase, alkaline phosphatase 
and others commonly used in an ELISA), and colorimetric 
labels such as colloidal gold or colored glass or plastic (for 
example, polystyrene, polypropylene, latex, etc.) beads. Pat 
ents teaching the use of such labels include U.S. Pat. No. 
3.817,837; U.S. Pat. No. 3,850,752; U.S. Pat. No. 3,939,350; 
U.S. Pat. No. 3,996.345; U.S. Pat. No. 4,277,437; U.S. Pat. 
No. 4,275,149; and U.S. Pat. No. 4,366,241. 
0234 Means of detecting such labels are also well known. 
Thus, for example, radiolabels may be detected using photo 
graphic film or Scintillation counters, fluorescent markers 
may be detected using a photodetector to detect emitted light. 
Enzymatic labels are typically detected by providing the 
enzyme with a Substrate and detecting the reaction product 
produced by the action of the enzyme on the Substrate, and 
colorimetric labels are detected by simply visualizing the 
colored label. 

0235. The label may be added to the target (sample) 
nucleic acid(s) prior to, or after, the hybridization. So-called 
“direct labels’ are detectable labels that are directly attached 
to or incorporated into the target (sample) nucleic acid prior to 
hybridization. In contrast, so-called “indirect labels’ are 
joined to the hybrid duplex after hybridization. Often, the 
indirect label is attached to a binding moiety that has been 
attached to the target nucleic acid prior to the hybridization. 
Thus, for example, the target nucleic acid may be biotinylated 
before the hybridization. After hybridization, an avidin-con 
jugated fluorophore will bind the biotin bearing hybrid 
duplexes providing a label that is easily detected (see Labo 
ratory Techniques in Biochemistry and Molecular Biology, 
Vol. 24. Hybridization With Nucleic Acid Probes, P. Tijssen, 
ed. Elsevier, N.Y., 1993). 
0236. Nucleic acid hybridization simply involves provid 
ing a denatured probe and target nucleic acid under conditions 
where the probe and its complementary target can form stable 
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hybrid duplexes through complementary base pairing. The 
nucleic acids that do not form hybrid duplexes are then 
washed away leaving the hybridized nucleic acids to be 
detected, typically through detection of an attached detect 
able label. It is generally recognized that nucleic acids are 
denatured by increasing the temperature or decreasing the salt 
concentration of the buffer containing the nucleic acids. 
Under low Stringency conditions (e.g., low temperature and/ 
or high salt) hybrid duplexes (e.g., DNA:DNA, RNA:RNA, or 
RNA:DNA) will form even where the annealed sequences are 
not perfectly complementary. Thus, specificity of hybridiza 
tion is reduced at lower stringency. Conversely, at higher 
stringency (e.g., higher temperature or lower salt) Successful 
hybridization requires fewer mismatches. 
0237. One of skill in the art will appreciate that hybridiza 
tion conditions can be designed to provide different degrees 
of stringency. In a one embodiment, hybridization is per 
formed at low stringency in this case in 6xSSPE-T at 37°C. 
(0.005% Triton X-100) to ensure hybridization and then sub 
sequent washes are performed at higher stringency (e.g., 
1xSSPE-T at 37° C.) to eliminate mismatched hybrid 
duplexes. Successive washes may be performed at increas 
ingly higher stringency (e.g., down to as low as 0.25xSSPE-T 
at 37° C. to 50° C.) until a desired level of hybridization 
specificity is obtained. Stringency can also be increased by 
addition of agents such as formamide. Hybridization speci 
ficity may be evaluated by comparison of hybridization to the 
test probes with hybridization to the various controls that can 
be present (e.g., expression level control, normalization con 
trol, mismatch controls, etc.). 
0238. In general, there is a tradeoff between hybridization 
specificity (Stringency) and signal intensity. Thus, in one 
embodiment, the wash is performed at the highest stringency 
that produces consistent results and that provides a signal 
intensity greater than approximately 10% of the background 
intensity. Thus, the hybridized array may be washed at suc 
cessively higher Stringency solutions and read between each 
wash. Analysis of the data sets thus produced will reveal a 
wash stringency above which the hybridization pattern is not 
appreciably altered and which provides adequate signal for 
the particular oligonucleotide probes of interest. These steps 
have been standardized for commercially available array sys 
temS. 

0239 Methods for evaluating the hybridization results 
vary with the nature of the specific probe nucleic acids used as 
well as the controls provided. In one embodiment, simple 
quantification of the fluorescence intensity for each probe is 
determined. This is accomplished simply by measuring probe 
signal strength at each location (representing a different 
probe) on the array (for example, where the label is a fluo 
rescent label, detection of the amount of florescence (inten 
sity) produced by a fixed excitation illumination at each loca 
tion on the array). Comparison of the absolute intensities of 
an array hybridized to nucleic acids from a “test” sample 
(such as from a patient treated with a therapeutic protocol) 
with intensities produced by a “control sample (such as from 
the same patient prior to treatment with the therapeutic pro 
tocol) provides a measure of the relative expression of the 
nucleic acids that hybridize to each of the probes. 
0240 Changes in expression detected by these methods 
for instance can be different for different therapies, for 
example, and may include increases or decreases in the level 
(amount) or functional activity of Such nucleic acids, their 
expression or translation into protein, or in their localization 
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or stability. An increase or a decrease can be, for example, 
about a 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, change (increase 
or decrease) in the expression of a particular nucleic acid. 
0241. In some examples, the effectiveness of an agent, or 
the production of RPE cells, or the identification of RPE cells, 
is performed by applying isolated nucleic acid molecules to 
an array in which the isolated nucleic acid molecules are 
obtained from a biological sample including RPE cells, such 
as following treatment with an agent of interest. In Such 
example, the array includes oligonucleotides complementary 
to the nucleic acids disclosed above. 
0242. In an example, the isolated nucleic acid molecules 
are incubated with the array including oligonucleotides 
complementary to nucleic acid molecules disclosed above for 
a time sufficient to allow hybridization between the isolated 
nucleic acid molecules and oligonucleotide probes, thereby 
forming isolated nucleic acid molecule:oligonucleotide com 
plexes. The isolated nucleic acid molecule: oligonucleotide 
complexes are then analyzed to determine if expression of the 
isolated nucleic acid molecules is altered. In such example, an 
agent is evaluated to see if it affects expression of the mol 
ecule as compared to a control (Such cells not contacted with 
the agent) or reference value. 
0243 A gene expression profile is disclosed herein that 
can be used to identify the effectiveness of an agent for 
producing RPE cells, or for identifying an RPE cell. In an 
example, the gene expression profile includes at least two of 
the molecules listed above, such as at least 5, at least 7, at least 
10, at least 20, at least 30, at least 40, or all of the molecules 
that are listed. In some examples, the gene expression profile 
includes at least 2, at least 5, at least 7, at least 10, at least 20, 
at least 25, at least 25, at least 30, at least 35 or at least 40 
molecules (for example, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14. 
15, 16, 17, 18, 19, 20, 22, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 
34, 35,36, 37,38, 39, 40 or all 41 molecules). In one specific 
non-limiting example, the gene expression profile includes of 
MITF, PAX6, LHX2, TFEC, CDH1, CDH3, CLDN10, 
CLDN16, CLDN19, BEST1, TIMP3, TRPM1, TRPM3, 
TTR, VEGFA, CSPG5, DCT, TYRP1, TYR, SILV, SILL 
MLANA, RAB27A, OCA2, GPR143, GPNMB, MYO6, 
MYRIP, RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, 
MERTK, ALDH1A3, FBLN1, SLC16A1, KCNV2, 
KCNJ13, and CFTR. 
0244. In additional embodiments, the gene expression 
profile includes at least 2, 5, 10, 15, 20, 25, 30, 35, 40, 45,50, 
55, 60, 65,70, 80, 85,90, 95 or all 96 of the miRNAs listed in 
Table 2. In one specific, non-limiting example, the gene 
expression profile includes miR204 and miR211. In further 
embodiments, the gene expression profile includes at least 5, 
10, 15, 20, 25, 30, 35,40, 45,50,55, 60, 65,70, 75,80, 85,90, 
95, 100, 105, 110, 115, 120, 125, 130, 135, or all of the 
markers listed in Table 1 and Table 2. This expression profile 
can be used to detect RPE cells, and/or confirm that a cell is an 
RPE cell. 

0245. As an alternative to analyzing the sample for the 
presence of nucleic acids, the presence of proteins can be 
determined. Proteins can be detected by any method known in 
the art. In some examples, proteins are purified prior to detec 
tion. For example, the effect of an agent can be determined by 
incubating the cells, such as iPSCs, embryoid bodies, or RPE 
cells with one or more antibodies that specifically binds to one 
of the molecules listed above, for an amount of time sufficient 
to form an immune complex, in order to detect expression. 
The primary antibody can include a detectable label. For 
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example, the primary antibody can be directly labeled, or the 
sample can be subsequently incubated with a secondary anti 
body that is labeled (for example with a fluorescent label). 
The label can then be detected, for example by microscopy, 
ELISA, flow cytometery, or spectrophotometry. In another 
example, the biological sample is analyzed by Western blot 
ting for the presence or absence of the specific molecule. In 
other examples, the biological sample is analyzed by mass 
spectrometry for the presence or absence of the specific mol 
ecule. In other examples, a first antibody that specifically 
binds a molecule listed above is unlabeled and a second 
antibody or other molecule that can specifically binds the first 
antibody is labeled. As is well known to one of skill in the art, 
a second antibody is chosen that is able to specifically bind the 
specific species and class of the first antibody. For example, if 
the first antibody is a human IgG, then the secondary antibody 
can be an anti-human-IgG. Other molecules that can bind to 
antibodies include, without limitation, Protein A and Protein 
G, both of which are available commercially. The secondary 
antibody is incubated with the cells for a sufficient time to 
form an immune complex. 
0246 Suitable labels for the antibody or secondary anti 
body include various enzymes, prosthetic groups, fluorescent 
materials, luminescent materials, magnetic agents and radio 
active materials. Non-limiting examples of Suitable enzymes 
include horseradish peroxidase, alkaline phosphatase, beta 
galactosidase, or acetylcholinesterase. Non-limiting 
examples of Suitable prosthetic group complexes include 
streptavidin/biotin and avidin/biotin. Non-limiting examples 
of suitable fluorescent materials include umbelliferone, fluo 
rescein, fluorescein isothiocyanate, rhodamine, dichlorotri 
azinylamine fluorescein, dansylchloride orphycoerythrin. A 
non-limiting exemplary luminescent material is luminol; a 
non-limiting exemplary magnetic agent is gadolinium, and 
non-limiting exemplary radioactive labels include ''1 ''I, 
SS or H. 
0247. In an alternative example, proteins can be assayed in 
a biological sample by a competition immunoassay utilizing 
protein standards (molecules) labeled with a detectable sub 
stance and unlabeled antibody that specifically bind to the 
desired molecule. In this assay, the cells, the labeled molecule 
standard and the antibody that specifically binds to the mol 
ecule are combined and the amount of labeled molecule stan 
dard bound to the unlabeled antibody is determined. The 
amount of the molecule in the biological sample is inversely 
proportional to the amount of labeled molecule standard 
bound to the antibody that specifically binds the molecule. 
0248. In yet other embodiments the resting potential of the 
cells is assessed. In some embodiments, a resting potential of 
about -50 to about-60 mV, and a fluid transport rate of about 
5 to about 10 ulcmh' indicates that the cells is an RPE cell. 
In additional embodiments, the production of cells that 
express MITF, PAX6, LHX2, TFEC, CDH1, CDH3, 
CLDN10, CLDN16, CLDN19, BEST1, TIMP3, TRPM1, 
TRPM3, TTR, VEGFA, CSPG5, DCT, TYRP1, TYR, SILV, 
SILL MLANA, RAB27A, OCA2, GPR143, GPNMB, 
MYO6, MYRIP, RPE65, RBP1, RBP4, RDH5, RDH11, 
RLBP1, MERTK, ALDH1A3, FBLN1, SLC16A1, KCNV2, 
KCNJ13, and CFTR, express miR204 and miR211, and have 
a resting potential of about -50 to about -60 mV. In certain 
embodiments, an increase in the number of cells with these 
features, following contact with the agent of interest, indi 
cates that the agent increases the proliferation and/or differ 
entiation of RPE cells. 
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0249. In additional embodiments, the fluid transport of the 
cells is determined. Fluid transport of cells can be measured 
using a capacitance probe. In some embodiments, cells grown 
as a monolayer tissue are mounted in a modified Ussings 
chamber and probe that measure capacitance is used. If the 
volume of fluid on either side of the cell layer changes, 
capacitance of the probes changes. This can be used to cal 
culated the volume change and the fluid flow. In some 
examples, a fluid transport rate of about 5 to about 15 ul 
cmh' such as a fluid transport rate of about 5 to about 10ul 
cmh', indicates that the cell is an RPE cell. 
(0250. The ability of cells to reversibly increase fluid flow 
by either ATP treatment of the apical side or IFN gamma 
treatment of the basal side can be measured. Both of these 
responses can be inhibited by inhibiting chloride channels on 
the basal side. These properties can be used to determine that 
the cell as an RPE cell. 
0251. In further examples, the polarization of the cell is 
assessed. Thus, in Some embodiments, selective CO perme 
ability of the apical surface of RPE cells is measured. Photo 
receptors secrete high concentrations of CO towards the 
apical surface (Adijanto et al., J Gen Physiol, 2009 June; 
133(6):603-22). Therefore, this surface has been evolution 
arily selected to trap CO. This function can be measured in 
vitro by changing CO concentrations in the apical or the 
basal baths of RPE cells, such as RPE cells growing in tran 
swells. If the RPE cells trap CO, they respond by a reduction 
in pH, which can be measured by a ratio-metric dye. 
0252. In one specific non-limiting example, a RPE mono 
layer grown on a porous polyester membrane is incubated in 
Ringer solution containing 8 uMBCECF-AM. After incuba 
tion with BCECF-AM, the tissue was incubated in control 
(5% CO.) Ringer for another 30 minutes before mounting in 
a modified Ussing chamber. The Ussing chamber is mounted 
on the stage of an axioVert-200 microscope (Carl Zeiss, Inc.) 
equipped with a 20x objective. The RPE is continuously 
perfused with Ringer solution (equilibrated with 5% CO at 
36.5°C.). Excitation photons (440/480 nm) are generated by 
a Xenon light Source, and the specific wavelengths are 
selected with a monochromator (Polychrome IV: Photonics). 
The emission fluorescence signals are captured with a pho 
tomultiplier tube (Thom EMI). pHi calibrations are per 
formed by perfusing high-K calibration solutions (at pH 6.8, 
7.2, and 7.6) containing 20 uM nigericin into both solution 
baths. 
0253) In some embodiments, changes in the electric prop 
erties of RPE cells can be measured. In some specific non 
limiting examples, RPE cells are grown as a monolayer on a 
porous polyester membrane. Transepithelial potential is mea 
sured with a pair of calomel electrodes in series with Ringer 
Solution agar (4% wt/vol) bridges placed in the apical and 
basal baths of the Ussing chamber. The TEP recordings are 
moving averages of 3 seconds. The transepithelial resistance 
was calculated from Ohm’s law. 

ATEP. Area 
RF = 
T Current 

When light hits the photoreceptors in RPE cells, the photo 
receptors depolarize by closing potassium (K) channels (see, 
Miller set al., (ed). Encyclopedia of the eye, ELSEVIER). 
This reduces the concentration of K-ions in between photo 
receptors and RPE (subretinal space) from 5 mM to 1 mM. 
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RPE cells respond to this changing concentration by hyper 
polarizing and opening their K channels to increase the Sub 
retinal K concentration back to 5 Mm. A range of 1-5 mM 
indicates the cell is an RPE cell. 
0254. In further embodiments, the production of cells that 
express MITF, PAX6, LHX2, TFEC, CDH1, CDH3, 
CLDN10, CLDN16, CLDN19, BEST1, TIMP3, TRPM1, 
TRPM3, TTR, VEGFA, CSPG5, DCT, TYRP1, TYR, SILV, 
SILL MLANA, RAB27A, OCA2, GPR143, GPNMB, 
MYO6, MYRIP, RPE65, RBP1, RBP4, RDH5, RDH11, 
RLBP1, MERTK, ALDH1A3, FBLN1, SLC16A1, KCNV2, 
KCNJ13, and CFTR, express miR204 and miR211, have a 
resting potential of about -50 to about -60 mV, and have a 
fluid transport rate of about 5 to about 10 ulcm'h' i. In 
certain embodiments, an increase in the number of cells with 
these features, following contact with the agent of interest, 
indicates that the agent increases the proliferation and/or 
differentiation of RPE cells. 
0255. The disclosure is illustrated by the following non 
limiting Examples. 

EXAMPLES 

Example 1 

Exemplary Materials and Methods for 
Differentiation of Human Induced Pluripotent Stem 
Cells (hiPSC) into Retinal Pigment Epithelial Cells 

(RPE) 
0256 Maintaining and Passaging hiPSC 
0257 Grow hiPSC on g-irradiated mouse embryo fibro 
blasts (MEFs) in human embryonic stem (hES) media+basic 
Fibroblast Growth Factor (bFGF-added fresh). 
(0258 Feed hiPSC daily with hES media+bFGF (added 
fresh) to a final concentration of 10 ng/m 1-1.5 ml/well of P6. 
(0259. When hiPSC colonies are 80% confluent, split them 
(1:6) onto new MEF's for continued passage (eg. six wells of 
a P6 plate expanded into six-P6 plates) 
0260 Aspirate hES media 
0261 Wash 1x with PBS 
0262. Add 1 ml CTK and place in +37 C incubator for 10 
min (time varies with iPSC line) 
0263 Aspirate CTK (make sure colonies are still adhered 
to the plate) 
0264. Add 2 ml PBS without Ca/Mg and place in +37C 
incubator for 5 min 
0265 Aspirate PBS and add another 2 ml of PBS and place 
in +37 C incubator for 5 min 
0266 Aspirate PBS (MEFs are preferentially lifted in the 
PBS) 
Add 1 ml of hES media+(10 ng/ml) bFGF (added fresh)+(10 
uM) Rock Inhibitor (RI) (added fresh) to each well of P6 
0267 Using a 1 ml pipetman, gently pipet up and down to 
remove colonies from plate (try not to generate single cells); 
transfer cells to a clean tube; add another 1 ml hES media+ 
bFGF--RI to each well, turn plate, and pipet up and down to 
loosen remaining colonies; transfer cells to same tube; add 
the appropriate volume of hES+bFGF--RI media to cells 
(6-P6 plates will require 54 mls) 
0268 Aspirate Feeder media from MEF plates 
0269 Distribute 1.5 mls cells/well of P6 
(Rehet al., 2010, Methods Mol. Biol.: Takahashi et al., 2001 
PLoS One) 
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(0270. When hiPSC colonies are 70% confluent, prepare 
embryoid bodies (EBs) 
(0271 Aspirate hES media 
0272 Wash 1x with PBS 
0273 Addlml of 1 mg/ml collagenase/well of P6 and put 
in +37 C incubator for 15 min 
0274 Aspirate collagenase and add 1 ml DMEM 
0275 Scrape colonies gently with cell lifter (Corn 
ingii.3008) being careful not to break the colonies into single 
cells 
0276 Transfer contents of all 6 wells to a 15 ml conical 
tube with alml pipetman 
(0277 Add another 1 ml of DMEM to each well, turn the 
plate around, and gently scrape the remaining colonies with 
the cell lifter, transfer contents of all 6 wells to the same tube 
(-12 ml DMEM/tube). 
0278 Let the cell aggregates settle to the bottom of the 
tube (-2-5 minor until the media is clear). 
0279 Aspirate the Supernatant (contains the single cell 
and MEFs) and wash the cell aggregate with 10 ml DMEM; 
pipet up and down with 10 ml pipet 3-5 times to break up 
aggregates-if they are too big (will depend on size of starting 
iPSC colony); break them into smaller clumps. Smaller cell 
clumps that contain between 200-500 cells make RPE with a 
higher efficiency, as compared to larger clumps. Larger 
clumps when plated make 3-dimensional structures that do 
not form RPE at a high efficiency. 
0280 Let the cell aggregates settle to the bottom of the 15 
ml conical tube. 
0281 Aspirate the supernatant and resuspend the cell 
aggregate in desired Volume of Retinal Induction Medium 
(RIM)+Rock inhibitor (10 uM) (usually 8 ml of RIM/15 ml 
conical tube). Reduction of the amount of knockout serum 
replacement (KSR) from 10% to 1.5% increased RPE differ 
entiation efficiency. 
0282. Transfer aggregates in RIM+RI to a low attachment 
dish (Corning#326210 cm low attachment plate) where they 
will form EBs within 24 hours 
0283 48 hours later, evenly distribute EBs onto plates 
coated with MATRIGEL(R). 150-250 EBS/well of a 6-well 
plate differentiate into RPE with a higher efficiency as com 
pared to more than 250 EBs/well. Higher number of EBs 
makes too confluent cultures and cells do not differentiate 
into RPE at a high efficiency. 
0284 Transfer EBs to 15 ml conical tube and let settle 
(-2-5 min) 
0285 Aspirate supernatant. 
0286 Add appropriate volume of Retinal Differentiation 
Media (RDM) to EBs. 
0287 Aspirate the matrigel from each well and wash 1x 
with PBS. 
0288 Distribute equal amount of EBs to each matrigel 
coated well and swirl plate to achieve an even distribution of 
EBs on the well's surface (usually EBs from 1-well of a 
P6-plate can be plated into 2-wells of a P6-plate). 
Change media every other day for 3 weeks (eg. Mon, Wed, 
Fri) 
This protocol significantly increased the expression of genes 
responsible for RPE fate induction and have increased the 
efficiency of RPE differentiation. The elements oftis protocol 
are a reduced conc. of KSR (1.5%), no FGF, addition of 
DKK1 (100 ng/ml), and PD 0325901 (0.1 uM), usingNOG 
GIN at 50 ng/ml Inhibition of both WNT (by DKK1) and 
BMP (by NOGGIN) pathways promotes rostral neuroecto 
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derm formation, which can also make eye cells Inhibition of 
FGF signaling (by PD 0325901) suppressed retinal fate and 
induces RPE fate from rostralized neuroectoderm. 
(0289 Transfer cells to Retinal Media (RM) plus Nicoti 
namide, Activin, and Wnt3a (NAW). Change media every 
other day (eg. Mon, Wed, and Fri) for 3 weeks. 
0290 Addition of WNT3a has also significantly increased 
the RPE differentiation efficiency. Activation of canonical 
WNT signaling increases the expression of MITF and PAX6. 
two RPE inducing transcription factors and thus increases 
RPE differentiation efficiency. 
0291 Transfer cells to 5% Retinal Pigmented Epithelial 
(RPE) Media containing WNT5a (100 ng/ml), DKK1 (100 
ng/ml), SU5402 (10 uM), CYCLOPAMINE (5uM). WNT5a 
and DKK1 inhibit canonical WNT signaling, thereby reduc 
ing PAX6 and MITF expression and maturing RPE cells. 
SU5402 inhibits FGF signaling and CYCLOPAMINE inhib 
its Sonic signaling. Both FGF and Sonic signaling are asso 
ciated with retinal induction. Therefore, inhibiting these path 
ways promotes RPE differentiation. Change media every 
other day (for example: Monday, Wednesday, and Friday). 
Within a week or two several pigmented colonies appear. At 
this point, cells can be seeded onto transwells in 5% RPE 
medium for functional analysis. 
0292 Cells are maintained for 8 weeks onto these tran 
swells, where they continue to mature. At 8 weeks fully 
functional and polarized monolayers of cells on transwells 
are harvested for the expression of RPE-signature genes and 
miRNAs. Gene expression is measured using qRT-PCR 
assayS. 

To Prepare MEF Plates: 
0293 Coat 4-P6 plates with 0.1% gelatin and let sit at 
room temp for at least 15 min 
0294 Thaw 1 vial of MEFs (Mt. Sinai Stem Cell #GSC 
6001G; 5 million cells/vial) and resuspendin9 ml Feeder Cell 
Media 
0295 Spin cells 1.2K for 5 min; aspirate supernatant and 
resuspend pellet in 36 ml Feeder Cell Media 
0296 Aspirate gelatin from wells and distribute 1.5 ml 
MEFS/well of P6 
0297 --MEFs are good for 2 weeks and do not have to 
change media 

To Prepare MATRIGEL(R) Plates: 
0298 Let matrigel (BD #356230) thaw overnighton ice at 
+4 C. 
0299. Addequal volume of DMEM to thawed matrigel on 
ice the next day and mix well. 
0300 Incubate overnight on fresh ice at +4 C. 
0301 Mix the next day and aliquot 0.4 ml/eppendorf tube 
(=1:2) and freeze at -80 C. 
0302) Thaw a tube of diluted (1:2) matrigel on ice (or let it 
thaw over-night at +4 C); keep the aliquots on ice while 
working with them. 
(0303 Dilute the matrigel 1:25 in cold DMEM media (10 
ml media+0.4 ml MATRIGEL(R) (1:2)). 
0304) To coat a tissue culture plate, place matrigel on the 
dish and shake to distribute evenly (for example 1 ml/well of 
a P6). 
0305 Let the plate sit at room temperature for 1 h to 
overnight with very gentle shaking, chill the plates at +4 C 
before use. 
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0306 If the plates are not used immediately, wrap them in 
foil and keep at +4 C for 1-2 days. 

Reagents 

0307 

Feeder Cell Media (500 ml) 

DMEM (High Glucose) (Invitrogen #11960-077) 435 ml 
Heat-Inactivated Fetal Bovine Serum (FBS) 50 ml 
(Invitrogen #10082147) 
Pen/Strep (Gibco #15140) 5 ml 
Glutamine (200 mM) (Gibco #25030) 5 ml 
Na Pyruvate (100 mM) (Gibco #11360) 5 ml 

Filter Media 

0308 

hES Media (500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 385 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 100 ml 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Glutamine (200 mM) (Gibco #25030) 5 ml 
b-Mercaptoethanol (55 mM in PBS) (Gibco #21985) 0.5 ml 

Filter Media. 

0309 Add bFGF (RD Systems#233-FB; final concentra 
tion of 10 ng/ml; make 10 ug/ml stock and dilute 1:1000 in 
hES) to hES media immediately before use. When passaging 
hiPSC, also add RI to hES media immediately before use. 

CTK: 

0310) 5 ml 0.25% Trypsin--5 ml lmg/ml collagenase 
IV+0.5 ml 0.1M CaC12+10 ml KSR(knockout serum)+30 ml 
DMEM-F12, store (a)-20 C 
Rock inhibitor from EMD In solution Y27632 cat #688.001 
10 mM stock solution 

Retinal Induction Medium (RIM) (500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 7.5 m 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
CK1-7 Dihydrochloride (5 mM) (Sigma #CO742) 50 ul 
SB 431542 hydrate (5 mM) (Sigma #S4317) 50 ul 
Noggin (250 ugml) (RD Systems #6057-NG) 2 ul 
IGF-1 (100 ugml) (RD Systems #291-G1) 5 ul 
Ascorbic Acid (5 mg/ml) (Sigma #A4544-25G) 5 ml 

Retinal Differentiation Medium (RDM) (500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 7.5 m 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
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-continued 

Retinal Differentiation Medium (RDM) (500 ml) 

Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
CK1-7 (5 mM) (Sigma #CO742) 0.5 ml 
DKK1 (100 ug/ml) (R&D Systems) 0.5 ml 
SB-431542 (5 mM) (Sigma #S4317) 0.5 ml 
Noggin (250 ugml) (RD Systems #6057-NG) 0.1 ml 
IGF-1 (100 ug/ml) (RD Systems #291-G1) 50 ul 
Ascorbic Acid (5 mg/ml) (Sigma #A4544-25G) 5 ml 
PD 0325901 (1 mM) (Tocris #4192) 0.5 ml 
NOFGF 

Retinal Medium (RM) + Nicotinamide, Activin, and Wnt3a (NAW) 
(500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 50 ml 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
Nicotinamide (Sigma #NO636) (1M) 5 ml 
Activin (RD Systems #338-AC) (50 ug/ml) 1.5 ml 
Wnt3a (RD Systems #5036-WN) (200 ug/ml) 250 ul 

Rock inhibitor from EMD In Solution Y27632 cat #688.001 

5% Retinal Pigmented Epithelial (RPE) Media 

MEM modified (M-4526) 500 ml 
N1 supplement (N-6530) 5 ml 
Glutamax, Penicillin-streptomycin (G-1146) 5 ml 
Non essential amino acids (M-7145) 5 ml 
Taurine (T-0625) 125 mg 
Hydrocortisone (H-0396) 10 ug 
Triiodo-thyronin (T-5516) 0.0065 ug 
Fetal bovine serum, heat inactivated 196 or 5% or 15% 

The use of different amounts of Knockout Serum Replace 
ment (KOSR) in the media used for the first three weeks of the 
differentiation protocol was assessed. Retinal differentiation 
media (RDM), showed differential effects on cell pigmenta 
tion. iPSC were incubated in high KOSR (10%) resulted in a 
Smaller number of pigmented cells compared to the use of 
lesser amounts of KOSR (1.5%). After culture in 10, 5.25, or 
1.5% KOSR, the cells were shifted to NAW containing 1.5% 
KOSR for 3 weeks and photographed at 16 weeks (see FIG. 
34A and FIG. 34B). 

Example 2 

Reporter iPSC Cell Lines 
0311. To optimize the protocol for iPSC to RPE differen 
tiation, a reporter iPSC line was created. This reporter line 
constitutively expresses a red fluorescent protein, whose 
expression is controlled by ubiquitin gene promoter. The 
reporter iPSC line also expresses a green fluorescent protein 
(GFP), specifically when differentiated in to RPE lineage 
(FIG. 1-3). The RPE-specific enhancer of the gene Tyrosinase 
controls GFP expression in this iPSC line (FIG. 1). The first 
goal was to confirm that the GFP expression truly represents 
RPE lineage. To achieve this, iPSC line were differentiated 
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using published differentiation protocols and characterized 
those differentiated cells using molecular and physiological 
assays. These assays are disclosed in FIGS. 22-24. FIG. 2 
describes a simple schematic drawing of iPSC-RPE differen 
tiation. When the reporter iPSC were differentiated into RPE, 
approximately 28 days into differentiation, GFP positive cells 
are present (FIG. 3A). These cells go on to form an epithelial 
monolayer with characteristic polygonal RPE morphology 
and continue to express GFP (FIG. 3B). GFP positive and 
negative cells were sorted by flow cytometry and the expres 
sion of several RPE-specific genes was analyzed, shown in 
FIG. 4. The results show that GFP positive cells express 
RPE-specific markers at much higher levels as compared to 
GFP negative cells from the same dish. 
0312 Next, sorted GFP positive and negative cells were 
re-plated onto new dishes. GFP negative cells grow to form 
very few pigmented colonies (FIG. 5A). In comparison, GFP 
positive cells develop in to pure, fully confluent RPE mono 
layers (FIG. 5B). This confirmed that the GFP expression 
truly represents RPE-fate in these cells and demonstrated that 
GFP signal can be used as a reliable indicator of RPE differ 
entiation. To optimize differentiation of RPE from iPSCs, a 
reference protocol was established (see Idelson et al. (2009), 
Cell Stem Cel 15, 396-408; Meyer et al. (2009), Proc. Natl. 
Acad.Sci. USA106, 16698-16703: Osakada et al. (2009), 
J.CellSci. 122,3169-3179. The protocol was divided into four 
stages—induction of differentiation, differentiation into eye 
field/optic vesicle cells, induction of RPE differentiation, and 
maturation of RPE cells. 

Example 3 

Induction of Differentiation 

0313 To induce differentiation of iPSCs, the colonies 
were lifted by a mild collagenase treatment (1 mg/ml for 15 
minutes) and dissociated into Small cell aggregates. These 
aggregates were cultured in RIM medium for 48 hours in 
non-adherent culture conditions. Within 24 hours, the cell 
aggregates change into embryoid bodies (EBS). It was deter 
mined whether the size of EBs (number of cells/EB) affects 
RPE differentiation and found that relatively smaller EBS 
with 200-400 cells/EB efficiently differentiate into RPE as 
compared to larger EBs (FIG. 6). 

Retinal Induction Medium (RIM) (500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 7.5 m 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
CK1-7 Dihydrochloride (5 mM) (Sigma #CO742) 50 ul 
SB 431542 hydrate (5 mM) (Sigma #S4317) 50 ul 
Noggin (250 ugml) (RD Systems #6057-NG) 2 ul 
IGF-1 (100 ugml) (RD Systems #291-G1) 5 ul 
Ascorbic Acid (5 mg/ml) (Sigma #A4544-25G) 5 ml 

Example 4 

Differentiation into Eye-Field/Optic Vesicle Cells 
0314. After 48 hours of floating EB cultures they are 
plated onto MATRIGELR) coated plates in RDM medium. It 
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was investigated whether the number of EBs plated/well 
affects differentiation of iPSCs into RPE. The results showed 
that ideal differentiation efficiency is achieved by plating 
150-250EBs/well of a standard 6-well tissue culture plate 
(FIG. 7). RDM medium was used for 3 weeks with change of 
medium on cells every Monday, Wednesday, and Friday Inhi 
bition of Nodal, BMP, and WNT pathways can be important 
for differentiation of stem cells into eye-field cells. To inhibit 
the nodal pathway, the inhibitor SB431542 was used. To 
inhibit the activity of BMP pathway, various concentrations 
of Noggin, a BMP inhibitor, were tested. For WNT pathway 
inhibition, a combination of biological Wnt inhibitor DKK1 
and a small molecule inhibitor of the WNT pathway CK1-7 
were used. 
0315 Results have shown that inhibition of FGF signaling 

is important for RPE development. Therefore, the activity of 
FGF signaling pathway was modulated by either changing its 
concentration or/and by adding FGF inhibitor (PD 0325901) 
to the medium. The results were scored weekly by quantita 
tive gene expression measurements of two transcription fac 
tors Pax6 and Mitf which are the master regulators of RPE 
differentiation (FIGS. 8-13). In addition, GFP expression was 
scored after six weeks as a direct measure of induction of RPE 
cells (FIG. 14). 
0316. The results showed that dual inhibition of WNT 
pathway, inhibition of FGF pathway, and use of 50 ng/ml of 
Noggin significantly and progressively improve the expres 
sion of Pax6 and Mitfoduring the three weeks, suggesting that 
the cells have attained optic vesicle identity by the end of the 
third week. The GFP signal measured at the end of normal 
RPE differentiation confirms that these treatments signifi 
cantly improve RPE differentiation from iPSCs. 
0317 Next, the effect of the concentration of knockout 
serum replacement (KSR) on RPE differentiation was tested. 
Reducing KSR to 1.5% increased the number of pigmented 
RPE cells when differentiated from the RPE (FIG. 15). 

Retinal Differentiation Medium (RDM) (500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 7.5 m 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
CK1-7 (5 mM) (Sigma #CO742) 0.5 ml 
DKK1 (100 ug/ml) (R&D Systems) 0.5 ml 
SB-431542 (5 mM) (Sigma #S4317) 0.5 ml 
Noggin (250 ugml) (RD Systems #6057-NG) 0.1 ml 
IGF-1 (100 ugml) (RD Systems #291-G1) 50 ul 
Ascorbic Acid (5 mg/ml) (Sigma #A4544-25G) 5 ml 
PD 0325901 (1 mM) (Tocris #4192) 0.5 ml 
NOFGF 

Example 5 

Induction of RPE Differentiation 

0318 Activin A induces RPE differentiation from ES 
cells. In animal models, canonical WNT (WNT3a) is impor 
tant for RPE differentiation. It was hypothesized that a com 
bination of activin A and WNT3a would be effective for the 
induction of RPE differentiation from iPSCs. A combination 
of these two factors was tested at the optic vesicle stage. Cells 
were moved from the RDM medium to medium containing 
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either activin A (NA) only or activin A plus WNT3a (NAW). 
The addition of WNT3a significantly increased the number of 
pigmented cells per dish (FIG. 16). Because this differentia 
tion process was started with the reporter iPSC lines, the 
increase in the number of RPE cell was confirmed by com 
paring the GFP signal between the two treatments. As com 
pared to NA, NAW increased the number of GFP positive 
cells in the culture (FIG. 17, top panel). When quantified by 
FACS analysis, NA treatment produced only 22% GFP posi 
tive cells, whereas NAW treatment produced 52% GFP posi 
tive cells (FIG. 17, bottom panel). This result showed that 
WNT signaling synergistically enhances RPE differentiation 
capacity of TGF-beta (activin) signaling. 

Retinal Medium (RM) + Nicotinamide, Activin, and Wnt3a (NAW) 
(500 ml) 

DMEM/F12 (1:1) (Invitrogen #11320-033) 500 ml 
Knockout Serum Replacement (Invitrogen #10828-028) 7.5 m 
Non-Essential Amino Acids (Gibco # 11140) 5 ml 
Pen/Strep (Gibco #15140) 5 ml 
Sodium Pyruvate (100 mM) (Gibco #11360) 5 ml 
N2 Supplement 1x (Gibco #17502-048) 5 ml 
B27 Supplement 1x (Gibco #17504-044) 10 ml 
Nicotinamide (Sigma #NO636) (1M) 5 ml 
Activin (RD Systems #338-AC) (50 ug/ml) 1.5 ml 
Wnt3a (RD Systems #5036-WN) (200 ug/ml) 250 ul 

Example 6 

Maturation of RPE Cells 

0319. To further purify and mature RPE cells, these cells 
were trypsinized and cultured in 5% RPE medium for 4 weeks 
on semipermeable transwells. This produced cells which 
looked quite homogenous in terms of RPE pigment (FIG. 18. 
top panel). Quantification of the GFP signal by FACS analysis 
produced up to 92% GFP positive cells in cultures that have 
grown for 4 weeks. This suggests that the 5% RPE medium 
enriches for RPE cells. When these cells were cultured for 
longer durations, NAW treated cells looked more homog 
enous in terms of RPE pigment, RPE morphology, and GFP 
expression as compared to NA treated cells (FIG. 19, FIG. 20 
only for NAW cells). However, these cells continue to express 
fetal specific RPE genes such as Pax6, Sox2, Tfec etc. 
0320 Differentiating RPE cells start producing canonical 
WNT that can affect the maturity of RPE cells. Therefore, to 
generate RPE cells that are fully mature and stop expressing 
fetal genes, these cultures were treated with inhibitors of 
canonical WNT pathway. WNT5a and DKK1, which together 
inhibit canonical WNT pathway and induce non-canonical 
WNT pathway, were used in these studies. The later has been 
shown to induce cell polarization and maturity. In addition, 
inhibitors of FGF (SU54052) and Sonic hedgehog (Cyclo 
pamine) pathways were used to Suppress any endogenous 
FGF and Sonic signaling, which may affect RPE maturity. 
These inhibitors were used for 2 weeks and the cells were 
assayed immediately after the treatment. The expression of 
several fetal RPE and mature RPE specific genes were mea 
Sured (FIG. 21). Interestingly, these treatments down-regu 
lated the expression of fetal RPE specific genes (Pax6, Sox2, 
Tfec, Klf4, Snail1/2) and up-regulated the expression of RPE 
maturity associated genes (TYR, TYRP1, MYRIP. Cadherin 
1/3, TRPM1/3). 
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0321. In conclusion, a protocol was developed that signifi 
cantly improves iPSC to RPE differentiation and also gener 
ates cells that are fully differentiated. This protocol is 
extremely valuable to produce RPE cells from iPSCs that can 
serve appropriate disease models and an effective cell-based 
therapy. 

5% Retinal Pigmented Epithelial (RPE) Media 

MEM modified (M-4526) 500 ml 
N1 supplement (N-6530) 5 ml 
Glutamax, Penicillin-streptomycin (G-1146) 5 ml 
Non essential amino acids (M-7145) 5 ml 
Taurine (T-0625) 125 mg 
Hydrocortisone (H-0396) 10 ug 
Triiodo-thyronin (T-5516) 0.0065 ug 
Fetal bovine serum, heat inactivated 59 
DKK1 (100 ug/ml) (R&D Systems) 0.5 ml 
Wnt5a (RD Systems) (100 ugml) 250 ul 
SU5402 (sigma) (10 uM) 0.5 ml 
Cyclopamine (Sigma) (10 uM) 0.5 ml 

Example 7 

Authentication of iPSC-Derived RPE Cells 

0322 To authenticate the cells obtained through this pro 
tocol, the cells were tested by both molecular and physiologi 
cal assays. A set of signature genes was selected from a 
previously published RPE-gene signature (Strunnikova et al. 
(2010), Hum. Mol.Genet. 19: 2468-2486) and the expression 
of those genes was compared between primary human RPE 
and RPE obtained from iPSCs using our protocol. The result 
ing cells closely resemble the primary human RPE in terms of 
the expression of RPE-specific genes (FIG. 22). 
0323. Similarly, the ability of iPSC-derived RPE to 
respond to changing CO concentrations in the apical and 
basal baths, and their ability to hyerpolarize in response to 
changing potassium concentrations in the apical bath was 
assessed (FIG. 23, 24). In all these assays, iPSC-derived RPE 
cells behave similar to primary human RPE. Thus, the dis 
closed protocol produces RPE cells that are fully functional. 
These molecular and physiological assays are important 
biomarkers for complete RPE differentiation. 

Example 8 

Multiplex High Throughput Screening 
0324. A multiplex high-throughput Screening approach 
was developed that simultaneously detects endogenous 
expression of multiple developmental, functional, and dis 
ease markers in iPSC-derived retinal pigment epithelium 
(RPE). Protocols were optimized for differentiation and 
growth of iPSC-derived RPE for high-throughput screening 
in 96-well and 384-well formats. As a proof of principle, the 
endogenous expression often genes in iPSCs, iPSC-derived 
RPE at two differentiation stages, and primary human RPE 
cells were compared using the multiplex assay. Data obtained 
from the assay are significantly correlated with standard qRT 
PCR based measurements. This assay provides the basis to 
screen for compounds that improve RPE function, matura 
tion, and target disease pathways thus providing the basis for 
effective treatments of several retinal degenerative diseases. 
0325 Protocols were developed to usefully-authenticated 
iPSC-derived RPE for a multiplex high-throughput assay. 
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This multiplex gene expression assay reports on six RPE 
lineage genes, two stem/progenitor cell genes, and two 
house-keeping genes. Proof of principle data was obtained 
that 1) the assay can be performed in 96-well and 384-well 
high-throughput modes, 2) the assay is able to measure even 
Subtle change in gene expression, 3) the data obtained with 
the multiplex assay is highly correlated with RT-qPCR data. 
This assay allows identification of Small molecules that can 
further enhance the efficiency of the differentiation protocols 
toward fully mature RPE cells. In addition, it provides devel 
opmental and functional biomarkers that can be tracked in a 
high-throughput mode. Small molecules that modulate the 
expression of these functional and disease biomarkers can 
provide potential therapeutic drugs for RPE-associated reti 
nal degenerative diseases. 

A. Materials and Methods 

0326 iPSC Derivation, Culture, and Differentiation: 
0327 Human adult dermal fibroblasts (AG9309, female, 
21 years old, toe biopsy) purchased from Coriell (Camden, 
N.J.) were reprogrammed (15). iPSC were differentiated into 
three germ layers or into RPE (12, 15-17). 
0328. Immunostaining, Electron Microscopy, and qRT 
PCR Analysis: 
0329 Immunostaining and qRT-PCR analysis was per 
formed (Green et al., Nature biotechnology 29(3):267-272, 
2011; Bharti et al., PLoS Genet 8(7): e1002757, 2012). Fol 
lowing antibodies were used: ALEXAFLUORR 488-anti 
Tra-1-60 (1:50, BD Biosciences); ALEXAFLUOR.R. 488 
anti SSEA4 (1:50, BD Biosciences); OCT4 (1:400, Cell Sig 
naling, Danvers, Mass.); NANOG (1:100, R&D Systems); 
SOX2 (1:100, Santa Cruz, Dallas, Tex.): KLF4 (1:50, Santa 
Cruz); c-MYC (1:50, Santa Cruz); AFP (1:75, Thermo Sci 
entific, Waltham, Mass.); TUJ1 (1:400, Sigma, St. Louis, 
Mo., http://www.sigmaaldrich.com); aSMA (1:500. Thermo 
Scientific); DCT (1:100, Bioworld antibodies, Mt. Airy); 
PAX6 (1:200, Covance Chantilly, Va.); and ZO1 (1:100 Life 
Technologies). 
0330 Intracellular Calcium Measurements and Electro 
physiology: 
0331. To assess calcium signaling in the RPE cells: ATP 
(200 uM; Sigma) and Cyclopiazonic Acid (CPA; 10 uM; 
EMD Millipore): (see Maminishkis et al., Invest. Ophthal. 
Vis. Sci. 47(8):3612-3624, 2006); Quinn et al., Invest. Oph 
thal. Vis. Sci. 33(13):3513-3527, 1992). 
0332 Calomel electrodes in series with Ringer solutions 
and agar bridges were used to measure the transepithelial 
potential (TEP). The signals from intracellular microelec 
trodes were referenced to the basal bath to measure the apical 
and basal membrane potentials, V and V, where TEP=V- 
V. The total transepithelial resistance (R), and the ratio of 
the apical to basolateral membrane resistance (R/R) were 
obtained by passing 2-4 LA current pulses (peak to peak) 
across the tissue and measuring the resultant changes in TEP. 
V and V. See Maminishkis et al. Supra and Quinn et al., 
Supra for details. 
0333 Principle of QUANTIGENE PLEX(R) Technology: 
0334 Cells grown in 96-well or 384-well plates are lysed 
and the lysate transferred to a hybridization plate containing 
QUANTIGENE PLEX(R) probe and LUMINEX(R) beads sets. 
Each bead type is coated with a different single strand DNA 
Capture Probe (CP). Other components of the QUANTI 
GENER) Probe set that are also comprised of ssDNA oligos 
include Capture Extenders (CE), Label Extenders (LE) and 
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Blocking Probes (BP). Part of CE oligos is complementary to 
the target mRNA (cover 200-600 bases) and part to CP bound 
on LUMINEXR beads. This interaction facilitates capture of 
specific target mRNAs to specific LUMINEX(R) beads. LE 
include target mRNA specific sequences and a binding site 
for the preamplifier, the first component used for signal 
amplification. BP bind to any sequences on the target mRNA 
that are not bound by the CE and LE. A typical probe set for 
a single target mRNA consists of a family of four or more 
different CE and LE that usually cover about 500 bases within 
the target mRNA. After washing off excess probes and 
remaining cell lysate the signal amplification reagents con 
sisting of the Preamplifier (PreAmp), Amplifiers (Amp), and 
Label Probes (LP) are sequentially hybridized to the mRNAs. 
The LP also includes a biotin molecule, which in turn is a 
binding site for the final signal amplification reagent, SAPE 
(Streptavidin-conjugated R-Phycoerythrin). Each Amplifier 
binds up to 400 SAPE. The resulting fluorescence signal 
associated with individual Capture Beads is read on a 
LUMINEXR instrument. Signal is reported as median fluo 
rescence intensity (MFI) and is proportional to the number of 
target RNA molecules present in the sample. MFI is calcu 
lated by measuring signals on 50-100 beads/gene. MFI values 
obtained from background blank wells with no target RNA 
were subtracted from MFI of each target reading. 
0335 QUANTIGENE PLEXR 2.0 Reagent System: 
96-well Assay Protocol: 
0336. The QUANTIGENE PLEX(R) 96-well Assay was 
done as described in the manufacturer's manual (QUANTI 
GENE PLEX(R) 2.0 Assay, Affymetrix, Santa Clara, Calif.). 
25,000 and 50,000 cells are seeded per well and cultured for 
14 days at 37° C., 5% CO. Cells were lysed in 200 uL 
working lysis mixture for 30 minutes at 50° C. 80 uL of cell 
lysate were transferred to the assay’s hybridization plate (96 
well clear polypropylene plate Abgene #AB0796, Pittsburgh, 
Pa.), where each well already contained 20 LL Working Bead 
Mix (6.6 L Lysis Mixture, 5.2LL nuclease free water, 0.2 LL 
Proteinase K solution, 2 ul, Blocking Reagent, 5 uL Probe 
Set, 1 uL magnetic LUMINEX(R) beads: QUANTIGENE 
PLEXR Set Panel #11828). Hybridization was done for 
18-22 hours at 54° C.1° C., shaking 600 rpm. The hybrid 
ization mixtures were then transferred to a 96 well Magnetic 
Separation Plate (96-well flat bottom microplate Nunc 
#269620). An Affymetrix Hand Held Magnetic Bead Washer 
(Affymetrix P/N QP0702) was used to wash the beads, thus 
removing all unbound materials. 100LL of 2.0 Pre-Amplifier 
Working Reagent (3:1000 dilution using PreAmp solution+ 
Amp diluent provided by manufacturer) was added to each 
assay well. The Magnetic Separation Plate was sealed with 
adhesive backed foil and incubated for 1 hour at 50° C.it 1° C. 
and 600 rpm. The unbound 2.0 Pre-Amplifier was removed 
and beads washed 3x with 100 uL Wash Buffer (provided by 
manufacturer) using the handheld magnetic washer. This was 
followed by incubation with 2.0 Amplifier Working Reagent, 
followed by Label Probe Working Reagent, and finally fol 
lowed by SAPE Working Reagent (all three solutions 100 uL 
at 3:1000 dilution, manufacturer provided). Incubation and 
washing were done as described above. Signals from the 
beads were measured with a LUMINEX(R) FLEXMAP(R) 3D 
instrument (LUMINEXR Corp. Austin, Tex.), after re-sus 
pending the beads in 130 ul SAPE Wash Buffer, using dd gate 
settings of 5,000-25,000. 50-100 beads per target were mea 
sured in a sample volume of 100 ul. 
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0337 QUANTIGENE PLEX.R. 384-Well Assay Protocol: 
0338. The QUANTIGENE PLEXR 384-well Assay was 
optimized using technical Support from Affymetrix and using 
the 96-well assay protocol provided by the manufacturer. 
6,000 and 12,000 cells were seeded per well of a 384 well 
plate. Proportional volumes of reagents/well were used for 
the 384-well plate. Signal was measured as described above. 

B. Results 

0339) 1. Generation of iPSC-Derived RPE 
0340. A high content screening assay was developed that 
simultaneously monitors developmental and functional fea 
tures of stem cell-derived RPE. FIG. 25A provides an over 
view of the experimental strategy for obtaining pure cultures 
of iPSC-derived RPE, the steps required to prepare cells for 
functional authentication and use in a high-throughput 
screen. iPSCs were generated from human adult female der 
mal fibroblasts, using retroviral vectors expressing OCT3/4, 
c-MYC, SOX2, and KLF4. Pluripotency of selected iPSC 
colonies was determined using the following three pluripo 
tency validation assays: (I) positive immunostaining for 
pluripotency markers NANOG, SSEA4, TRA1-60, OCT3/4, 
c-MYC, SOX2, and KLF4 (FIG. 25B); (II) comparison of 
mRNA expression of NANOG, OCT3/4, c-MYC, SOX2, and 
KLF4 to an embryonic stem cell line and to dermal fibro 
blasts. The transduced viral vector also expressed OCT3/4, 
c-MYC, SOX2, and KLF4, therefore, specific primer sets 
were used to distinguish expression from the endogenous 
locus to the total expression (viral vector-endogenous) (FIG. 
25C). Expression of pluripotency markers from endogenous 
loci in iPSCs was significantly higher as compared to dermal 
fibroblasts and comparatively higher or equal to undifferen 
tiated ES cells (FIG. 25C); (III) ability of iPSCs to differen 
tiate into all three germ layers. As shown in FIG. 25D, this 
iPSC line differentiates into all three germ layers. 
(0341 iPSCs were differentiated into RPE using the meth 
ods disclosed herein. Pigmented cell clusters with RPE-like 
cobblestone morphology were manually picked and 
expanded in a T25 flask to obtain pure cultures of RPE cells. 
Purified RPE cells were re-seeded onto transwell filters to 
obtain polarized confluent electrically intact RPE monolayers 
in approximately 6-8 weeks. Immunostaining performed at 
this stage for epithelial marker ZO1 confirmed the typical 
epithelial morphology of the cells (FIG. 26A). iPSC-derived 
RPE also expressed EZRIN, an apical process localized pro 
tein; DCT, an enzyme important for RPE pigmentation; 
CLCN2, a chloride channel that is critical for volume regu 
lation of the RPE; and SLC16A1, an apical membrane mono 
carboxylate transporter that is required for lactate transport 
across the RPE monolayer and involved in intracellular pH 
regulation. Analysis of transmission electron microscopy 
images revealed several typical RPE features in these cells 
Such as cigar and oval shaped melanosomes localized pre 
dominantly apically (me, arrowhead), tight junctions (t) 
between adjoining cells, and apical processes (arrow) (FIG. 
26B). 
0342. Many characteristic physiological responses of 
human native and cultured RPE cells can be measured in 
vitro. iPSC-derived RPE monolayer cultures display several 
of these features. These cells are electrically intact displaying 
a transepithelial resistance across the monolayer of 170-200 
S2.cm (FIGS. 26C and 26D) and their steady-state intracel 
lular calcium concentration is s120 nM. Similar to native 
RPE, in iPSC-derived RPE stimulation of apical membrane 
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P2Y2 receptors by ATP leads to a typical bi-phasic response, 
the initial response signals the release of intracellular calcium 
from the endoplasmic reticulum into the cytoplasm, and the 
second phase is dependent on the presence of extracellular 
Ca" (Maminishkis et al., Investigative ophthalmology & 
visual science 47(8):3612-3624, 2006). Application of cyclo 
piazonic acid blocks sarco/endoplasmic reticulum Ca" 
ATPase, an ATP dependent calcium reuptake channel located 
on the ER membrane leading to steady-state calcium 
increases and blunts the ATP response (FIG. 26C). Electro 
physiologically, the resting membrane potentials of apical 
and basal membranes are approximately -55 mV (basal side 
slightly more depolarized as compared to the apical side) 
leading to a transepithelial potential (TEP) across the mono 
layer of 2.5 mV. apical side positive (FIG. 26D). Changes in 
K" concentration in the apical bath from 5 mM to 1 mM, 
which mimics the in vivo alterations in subretinal space K" 
following dark to light transitions, significantly hyperpolar 
izes the apical membrane by 10-20 mV, thus leading to a sharp 
decreases in TEP (17, 20). Application of ATP to the apical 
membrane significantly depolarizes the basolateral mem 
brane following the release of calcium from intracellular 
stores and activation of basolateral membrane Ca"-activated 
Cl channels (Maminishkis et al., Supra; Quinn et al., Supra; 
Steinberg et al., Documenta ophthalmologica. Advances in 
ophthalmology 60(4):327-346, 1985). 
0343. The expression of pluripotency and RPE signature 
genes was compared in undifferentiated iPSCs, iPSC-derived 
RPE, and primary human fetal RPE using qRT-PCR (Liao et 
al., Human molecular genetics 19(21):4229-4238, 2010; 
Strunnikova et al., Human molecular genetics 19(12):2468 
248, 2010). Two major pluripotency genes OCT3/4 (also 
called POU5F1) and SOX2 are downregulated in iPSC-de 
rived RPE as compared to undifferentiated iPSCs suggesting 
a loss of the pluripotent state. However, several other RPE 
specific transcription factors, pigmentation pathways genes, 
visual cycle genes, structural proteins, and channels were 
expressed at significantly higher levels in iPSC-derived RPE 
as compared to undifferentiated iPSCs and at a lower or at 
similar levels as compared to the primary RPE (Table A). 

TABLE A 

Fold difference in gene expression in iPSC-RPE as compared to: 

iPSCs Primary RPE 

Pluripotency related transcription factors 

POUSF1 -25.00 -1.69 
KLF4 2.80 27.92 
SOX2 -2O.OO 23.05 
c-MYC -1.09 -1.78 

RPE-related and developmental transcription factors 

MITF undetermined -588 
TFEC undetermined -4.17 
PAX6 44.OO OO 
OTX2 4.43 -4.17 
SOX9 9416 -1.89 
SIX3 61.01 -500 
ROR beta S.62 -3.57 
LHX2 53.71 -10.OO 
CRX undetermined -1.67 
GAS1 1960 -1.64 

Pigmentation pathway genes 

GPNMB 429.94 -556 
MYRIP 57.92 -2.44 
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TABLE A-continued 

Fold difference in gene expression in iPSC-RPE as compared to: 

iPSCs Primary RPE 

RAB27A 20.32 -1.96 
OCA2 31.23 -556 
DCT undetermined -3.22 
TYROSINASE undetermined -4.00 
TYRP1 undetermined -3.03 
PME 38.05 -10.OO 

Visual cycle genes 

ALDH1A3 27.13 -2.32 
RPE65 3.18.03 -2.94 
RDHS 151.60 2.08 
RLBP1 58.73 -2.86 

Membrane proteins and channels 

CDH1 -33.33 -2SOO 
CDH3 -2.86 -588 
CLDN16 u.d. -1.23 
CLDN19 26.78 -3.44 
TRPM1 undetermined -1.19 
TRPM3 59.88 -1.43 
MERTK 2.81 -1.09 
BEST1 1653.15 -1.96 
COL11A1 156.39 2.99 
CSPG5 1948 -3.57 

0344) These results suggest that iPSC-derived RPE, have 
attained an RPE-like phenotype, are but are not in a com 
pletely mature state. It is noteworthy that despite the fact that 
iPSC-derived RPE express higher levels offetal or progenitor 
genes (SOX2 and KLF4, see Table A), physiological response 
of these cells are not significantly compromised. 
A Proof-of-Principle High-Throughput Scalable Multiplex 
Gene Expression Assay Using Authenticated iPSC-Derived 
RPE 

0345 The goals were to develop a high-throughput 
screening assay that can simultaneously monitor develop 
mental, functional, and disease markers for RPE and perform 
proof-of-principle analysis of the assay. In designing the 
screening assay platform, a multiplex gene expression assay 
was chosen for two main reasons: (1) it is a high content assay 
that allows the simultaneous detection of genes involved in 
RPE development, differentiation, function, and pathology: 
(2) it is readily amenable for a high-throughput Screening 
using standard Screening instrumentation. Genes were 
selected that measured different cellular processes—RPE 
development and differentiation (SOX2 and PAX6), RPE 
function (TYROSINASE, RPE65, RDH5, TRPM1, CSPG5, 
and BEST1), and RPE pathology (TYROSINASE, RPE65, 
RDH5, BEST1). FIG. 27A summarizes the outline of the 
multiplex assay, FIG. 27B shows schematics of the assay 
principle, and FIG. 27C provides a list of genes used in this 
multiplex assay, their accession numbers, respective length of 
their mRNA, and the regions to which 
0346 Capture Extenders and Label Extenders were 
hybridized. In brief, mRNA isolated in cell lysate prepared in 
micro-titer plates is bound to LUMINEXR) beads using the 
anti-sense oligonucleotide technology. Detection probe (bi 
otin-streptavidin-phycoerythrin) is hybridized to specific 
mRNA also using the anti-sense oligonucleotide technology. 
mRNA quantification is performed using a flow cytometry 
based equipment that recognizes the specific fluorescent label 
on each bead and measures signal intensity per bead. 

37 
Dec. 24, 2015 

0347 As a proof-of-principle, the feasibility was demon 
strated of a multiplex gene expression assay to simulta 
neously detect differential levels of multiple genes in a well of 
a 96-well or 384-well plate between undifferentiated iPSCs, 
iPSC-derived RPE, and primary human fetal RPE. A total of 
nine genes were selected for the optimization. HPRT1 and 
B2M, two housekeeping genes were used for data normaliza 
tion, because previous work Suggested that the expression of 
these two genes does not differ significantly among the three 
cell types used in this assay (22). To analyze RPE differen 
tiation, functioning, and pathology the expression of SOX2, 
PAX6, RPE65, RDH5, CSPG5, TRPM1, and BEST1 was 
monitored. For in vitro culture, cells seeded at higher density 
mature faster compared to cells seeded at lower density. 
Therefore, both iPSC-derived RPE and primary fetal RPE 
were seeded at two cell densities, 25,000 cells/well or 50,000 
cells/well (FIGS. 28B-D). Undifferentiated iPSCs were used 
as an additional control (FIG. 28A). iPSC-derived RPE and 
primary RPE were cultured for two weeks to generate con 
fluent pigmented monolayers. To perform the assay at the 
same time for all cells types, iPSCs were cultured later and 
reached confluence in only five days. A linear range of detec 
tion was calculated for each probe set using purified RNA, 
and lysates from undifferentiated iPSCs, iPSC-derived RPE 
(low and high cell density), and primary RPE (low and high 
cell density) (FIG. 36). All the probes detected signal above 
the background over a sixteen fold sequential dilution. The 
linear regression plot generated from this serial dilution gen 
erated a coefficient of determination value of more than 0.97 
in all cases, indicating that the probes were able to detect a 
signal over a large range of mRNA concentrations. 
0348. The results of this assay are presented as fold change 
in gene expression in iPSC-derived RPE at two different cell 
densities as compared to undifferentiated iPSCs (FIGS. 28E 
and 28F) and as compared to primary fetal RPE at high cell 
density (FIGS. 28G and 28H). As expected, compared to 
undifferentiated iPSC, iPSC-derived RPE expresses lower 
levels of neural progenitor factor SOX2 and much higher 
levels of RPE-specific genes PAX6, RPE65, RDH5, TRPM1, 
and BEST1. CSPG5 an extracellular protein is expressed at 
similar levels in the two cell types. An important goal of this 
optimization was to compare results obtained from the mul 
tiplex assay to those obtained from a standard qRT-PCR assay 
(Table A). Therefore, the Pearson's correlation coefficient (r) 
was determined between fold change in gene expression 
obtained from the multiplex assay and from the qRT-PCR 
assay. The results show that the two assays are significantly 
correlated (r-value=0.69 and 0.75). This provides confidence 
that the multiplex assay measures relevant gene expression 
changes and can be used for a high-throughput Screen. In 
conclusion, this high-content gene expression assay can be 
performed in one and a half days in a high-throughput fashion 
on undifferentiated iPSCs, iPSC-derived RPE, and primary 
human RPE. When compared to primary fetal RPE, iPSC-de 
rived RPE express lower levels of differentiation RPE mark 
ers (RPE65, RDH5, CSPG5, BEST1) and higher levels of 
progenitor transcription factors PAX6 and SOX2, Suggesting 
a relatively immature state of these cells. It is, however, 
important to note that the results obtained by comparison of 
primary RPE and iPSC-derived RPE in multiplex assay are 
strongly correlated with the standard qRT-PCR assay pre 
sented in Table A. 
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Evaluating the Limit of Detection and Increasing the 
Throughput of the Assay 

0349 The limit of detection for each transcript in a given 
assay well was tested, another important aspect of the multi 
plex assay. The Suggested minimal limit of detection for the 
multiplex gene expression assay is less than or equal to 200 
transcripts when analyzing one target per well of a 96-well 
plate. The following formula was used to calculate the limit of 
detection (LOD) of our probe set: LOD=Average background 
value of four wells--3x standard deviation of the average 
background value (Affymetrix, manufacturer manual). The 
assay was significantly more sensitive than the described 
limit, and the following values of detection were obtained: 
SOX2=41, PAX6=32, RPE65–24, RDH5=10, CSPG5=19, 
TRPM1=25, BEST1=11, HPRT1=55, and B2M=30. In view 
of these transcript numbers, the assay was tested in a 384-well 
format for increased screening throughput and reduce reagent 
and screening costs. 
0350. To test the linearity of the range of signal detection, 
the assay was performed using two cell densities, 6,000 and 
12,000 cells/well in 384-well plate. As expected, after two 
weeks of culture in 384-well plates, the lower cell density 
produced less confluent and less pigmented cell layer both for 
primary fetal RPE cells and for iPSC-derived RPE (FIG. 
35A-35D). Two different bead concentrations 700 beads/ 
well per probe, as recommended for a 96-well plate, and 375 
beads/well per probe, were tested. An additional probe, 
TYROSINASE representing RPE maturity was included in 
this assay. FIG. 35 shows that the assay was successfully 
optimized in 384-well plate using both bead concentrations. 
This data support the following three conclusions: (1) results 
obtained in 384-well plates are similar to those obtained in 
96-well plates. For example, when compared to primary RPE, 
iPSC-derived RPE express higher levels of SOX2 and PAX6 
and lower levels of RPE differentiation/functioning genes: 
(2) the two bead concentrations give almost identical results 
in the 384-well plate format; (3) the multiplex assay in 384 
well plates correlates better (Pearson’s correlation coefficient 
of 0.91 and 0.89 respectively for high and low beads) with the 
qRT-PCR data as compared to the 96-well plate assay. In 
conclusion, the present results demonstrate that changes in 
expression of up to ten different genes can be measured 
simultaneously using iPSC-derived RPE 384-well plates. 
0351. The approach presented here provides a well-de 
fined method for identifying Small molecules that downregu 
late the expression of progenitor genes and upregulate the 
expression of differentiation genes, thus allowing systematic 
maturation of pluripotent stem cell-derived RPE in culture. 
This iPSC-derived RPE can be more effective in therapeutic 
intervention of macular degenerative diseases and also serve 
as effective disease model. This screening method also can be 
used to identify small molecules that alter the activity of 
putative disease-causing pathways and lead to the discovery 
of therapeutic drugs. 

Example 9 

QUANTIGENEPLEXR2.0 Reagent System 

0352 96-Well Assay Protocol 
0353. The QUANTIGENE PLEXR 96-well Assay was 
done using following protocol. Cells were seeded per well in 
96 well plate and let adjust to the wells for 10 days at 37°C., 
5% CO2, with manual media exchanges every other day. Cells 
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from individual wells were then lysed in 200 uL working lysis 
mixture (Affymetrix) for 30 minutes at 50° C. 80 uL of cell 
lysate were transferred to the assay’s hybridization plate (96 
well clear polypropylene plate Abgene #AB0796), where 
each well already contained 20 L of Working Bead Mix. 
Each 20 uL of Working Bead Mix contained 6.6 LL of Lysis 
Mixture, 5.2LL of nuclease free water, 0.2 uL of Proteinase K 
solution, 2 LL of Blocking Reagent, 5 uL of Probe Set, 1 uL 
of magnetic Luminex beads (1000 beads per gene?well). The 
Probe Set and Luminex Beads correspond to QuantiGene 
Plex Set Panel #11828. The hybridization plate was sealed 
with the Supplied clear, pressure-activated seals and placed in 
a heating/shaking incubator (LabNet VorTemp 56 P/N 
S-0256-Q) and incubated for 18-22 hours at 54° C.i.1° C. and 
shaking at 600 rpm. Each of the Magnetic beads used in the 
multiplex assay have different ssDNA Capture Probes, that 
work together with the probe set to capture different mRNA 
targets onto different beads. The overnight hybridization mix 
tures were then transferred to a 96 well Magnetic Separation 
Plate (96-well flat bottom microplate Nunc #269620). An 
Affymetrix Hand Held Magnetic Bead Washer (Affymetrix 
P/NQP0702) was used to wash the beads, thus removing all 
unbound materials. 100 uL of 2.0 Pre-Amplifier Working 
Reagent (3:1000 dilution using PreAmp solution+Amp dilu 
ent provided by manufacturer) was added to each assay well. 
The Magnetic Separation Plate was sealed with adhesive 
backed foil and incubated for 1 hour at 50° C.1° C. and 600 
rpm. The unbound 2.0 Pre-Amplifier was removed and beads 
washed 3x with 100 uL of Wash Buffer (provided by manu 
facturer) using the handheld magnetic plate. 100 uL of 2.0 
Amplifier Working Reagent (3:1000 dilution using Amp solu 
tion+Amp diluent provided by manufacturer) was added to 
each assay well. The Magnetic Separation Plate was sealed 
and incubated for 1 hour at 50° C.1° C. and 600 rpm. The 
unbound 2.0 Amplifier was removed and beads washed 3x 
with 100 uL Wash Buffer using the handheld magnetic bead 
washer. 100 uL of Label Probe Working Reagent (3:1000 
dilution using LabelProbe solution+LabelProbe diluent pro 
vided by manufacturer) was added to each assay well. The 
Magnetic Separation Plate was sealed and incubated for 1 
hour at 50° C.1° C. and 600 rpm. The unbound Label Probe 
was removed and beads washed 3x with 100 uL Wash Buffer 
using the handheld magnetic bead washer. 100 uL of SAPE 
Working Reagent (3:1000 dilution using SAPE solution+ 
SAPE diluent provided by manufacturer) was added to each 
assay well. The Magnetic Separation Plate was sealed, 
wrapped in aluminum foil, and incubated for 30 minat RT and 
600 rpm. The unbound SAPE Working Reagent was removed 
and beads washed 3x with 100 uL SAPE diluent using the 
handheld magnetic bead washer. Signal from beads was mea 
sured with a Luminex Flex Map 3D instrument after first 
re-suspending the beads in 130 uI of SAPE diluent, using DD 
gate settings between 50-100 beads per message, a sample 
volume of 50 uL, and a sample timeout of 45 seconds. 

Example 10 

Aphidicolin 

0354 Aphidicolin is a reversible inhibitor of eukaryotic 
nuclear DNA replication that blocks the cell cycle at early S 
phase. Its structure is that of a tetracyclic Small molecule. 
Aphidicolin added to iPS cell derived RPE growing on arti 
ficial membranes/scaffolds, improves their RPE phenotype. 
It causes committed RPE cells to further mature and form 
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fully-differentiated and highly polarized tissue monolayers 
(see FIGS. 30-31). Aphidicolin is dissolved in fourth medium 
and RPE cells are cultured in it for 6-8 weeks before analysis 
is done. 
0355 Fully-differentiated and polarized RPE tissues on 
scaffolds will provide more effective therapies for retinal 
degenerative diseases and will also provide more “natural 
models for in vitro disease modeling and for high throughput 
screenings. Aphidicolin treatment generates tissues with fully 
mature tight junctions and more mature physiological 
responses. When combined with a biodegradable scaffold, 
this compound stimulates RPE monolayer to secrete its own 
extracellular matrix and attain a real tissue like features. 

Example 11 

Alginate Coating Enhances Cell Viability and 
Reduces Cell Detachment 

0356. An alginate-enhanced Cryopreservation Protocol is 
provided below. The results are shown in FIG. 32A-32D. 

0357 1. Use 10 mm biopsy punch (ACCU-PUNCHR, 
USA) to cut out transwell membrane with confluent 
monolayer of hfRPE. 

0358 2. Dip sample into autoclave-sterilized 0.7% 
Sodium alginate (Sigma Aldrich, United Kingdom) dis 
Solved dd H2O for 0.5 seconds. 

0359. 3. Dip sample into autoclave-sterilized 2% 
CaC12 (Sigma Aldrich, USA) inddH2O for 0.5 seconds, 
to polymeriZealginate. 

0360 4 Immediately place sample into 2 mL cryovial 
(Corning, USA) containing either 1 mL CryoStor CS10 
(STEMCELL(R), Canada) or 10% DMSO cryopreserva 
tion media (500 uL 5% RPE, 400 uL FBS, 1004, 
DMSO). 

0361 5. Place cryovials on ice for 30 minutes. 
0362 6. Transfer cryovials to a Mr. Frosty freezing 
container (Thermo Scientific, USA), pre-cooled to 4°C., 
and cool to -80° C. at a rate of 1° C./min 

0363 7. Recover cryopreserved tissue by partially melt 
ing samples in a 37°C. water bath. 

0364 8. Add 1 mL pre-warmed 5% RPE media to cry 
ovial to complete melting. 

0365 9. Transfer sample into 1 mL 5% RPE to rinse 
away cryopreservation media components. 

0366 10. Move sample into 1 mL 5% RPE medium. 
0367 11. Allow recovery for 3 days, changing media 
daily. 

0368 12. Test cell ethidium 
homodimer-1 (2.5 LM). 

0369 Prepare the SNAPWELLTM (Costar, US) system 
(FIG.33A-33E) 

0370) 1. Manually separate the well top from the well 
bottom (FIG. 2A) 

0371) 2. Place the scaffold (Stellenbosch Nanofiber 
Company (Pty) Ltd., South Africa) into the center of the 
SNAPWELLTM bottom so that it lays flat (FIG. 2B). 

0372. 3. Place an O-ring (polytetrafluoroethylene 
(PTFE), 12 mmx10.25 mmx1.2 mm, Superior Washer 
and Gasket Corp., US) on top of the scaffold so that it 
holds the scaffold in place. The O-ring must be previ 
ously sterilized by 20-minute treatment in 70% ethanol 
(FIG. 2C). 

0373 4. Place the SNAPWELLTM top on top of the 
O-ring and gently press into place (FIG. 2D). 
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0374 Prepare the Scaffold for Cell Seeding 
0375 1. Dispense 200 mL of 1xPBS (Life technologies, 
US) into the SnapWellTM with the scaffold. Leave for 
two hours at room temperature. 

0376 2. Aspirate out the PBS and add 200 mL of human 
extracellular matrix (ECM)/1xEHBSS with phenol red 
(PR) solution to each SnapWellTM (1 vial ECM: 20 mL 
HBSS). Human ECM (BD BioSciences, US 1xEHBSS 
with phenol red (Life technologies, US). 

0377 3. Place the plate, lid off, under UV light for 2 
hours. 

0378 4. After 2 hours, turn off UV. To prevent the 
Solution from drying out during cell preparation add 100 
mL 1xEHBSS without PR (Life technologies, US) to the 
200 mL of human ECM/1xEIBSS with PR Solution. 

Seed Cells 

0379 1. Aspirate out the 300 mL of human ECM/1x 
HBSS solution. 

0380 2. Dispense 500 mL of cell suspension (in 5% 
RPE media at a density of 250,000 cells per mL) into 
each well. 

The use of induced pluripotent stem (iPS) cell technology to 
differentiate RPE provides an autologous or allogeneic cell 
based therapy for patients with ocular degeneration. RPE 
cells derived from stem cells have been injected as a cell 
Suspension into the eyes of patients with retinal degeneration. 
RPE tissue was generated from iPSC derived RPE grown as a 
polarized confluent monolayer on a biodegradable scaffold. 
By transplanting a single monolayer tissue, one can circum 
navigate the problems associated with Suspensions. 
0381 RPE cells were cultured on biocompatible mem 
branes, such as parylene-C and polyimide (Diniz et al. IOVS 
2013). These membranes do not degrade overtime, leaving a 
permanent foreign entity in the eye, which over time will get 
clogged with proteinaceous material. Disclosed herein is a 
technique that allows hydrolytic degradation to remove the 
scaffold as the RPE layer matures and creates its own external 
environment. Therefore, our method for creating functional 
and polarized RPE monolayers on scaffolds is a viable tissue 
engineering strategy that provides therapy for retinal degen 
erative diseases. 
0382 A protocol was produced that utilizes biodegradable 
scaffolds for culturing RPE cells into a functional tissue that 
can be translated into in vivo models to combat rental dis 
eases. The main components of this method are a CORN 
INGR COSTAR(R) SNAPWELLTM plate, a bioinert O-ring, 
and a biodegradable scaffold. SNAPWELLTM plates provide 
the structure and platform for the biodegradable scaffolds. 
The microporous membrane that creates an apical and basal 
side is ideal for providing support to the scaffold as well as 
isolating the distinct sides of the polarized layer of cells. The 
ability of the SNAPWELLTM insert to detach the membrane 
allows the Support ring of the insert to be used an anchor for 
the scaffold. However, after combing the Support ring and 
membrane, there is a small void between the bottom lip of the 
Support ring and the porous membrane itself. Therefore, we 
have utilized a bioinert O-ring to fit perfectly and fill the void. 
Now, the Support rig can apply pressure uniformly around the 
outer edge of the membrane to hold the scaffold against the 
membrane. 
(0383 First, the SNAPWELLTM apparatus was disas 
sembled, the support ring was removed from the bottom 
membrane. Next, the biodegradable scaffold, was precut to 
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match the interior dimensions of the SNAPWELLTM mem 
brane, and was placed flat along the bottom of the membrane. 
The O-ring was then placed directly into the membrane por 
tion of the SNAPWELLTM insert on top of both the scaffold 
and the membrane. Then, the SnapWellTM insert was reas 
sembled, ensuring that the Support ring presses on the O-ring 
so that there is no gap between the Support rig and the porous 
membrane. 

0384 Prior to adding any solution to the culturing device, 
the scaffolds were wetted and sterilized using techniques 
Such as ethanol treatments and ultraviolet light exposure. This 
scaffold and membrane structure was then suitable for cul 
turing polarized cells by seeding cells on top of scaffold. After 
the cells were placed onto the scaffold, the culture conditions 
were maintained including applying additional factors until 
the tissue is fully develop and functional. The tissue was then 
ready for use in transplantation to in vivo models or other in 
vitro studies. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 2 

<21 Os SEQ ID NO 1 
&211s LENGTH: 4721 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 
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0385. The culturing assembly can be disassembled, 
detaching the Support ring from the membrane and lifting the 
O-ring out of the membrane ring. The tissue could also be 
directly punched or cut out of the device. Since there is 
nothing chemically holding the tissue to the porous mem 
brane, the tissue lifts off and away from the membrane after 
being cut. Resulting RPE tissue can be transplanted as a 
single entity into the Subretinal space of patients with retinal 
degeneration in order to resurrect the degrading areas by 
preventing photoreceptor death and promoting photoreceptor 
regeneration. 
0386. In view of the many possible embodiments to which 
the principles of our invention may be applied, it should be 
recognized that illustrated embodiments are only examples of 
the invention and should not be considered a limitation on the 
scope of the invention. Rather, the scope of the invention is 
defined by the following claims. We therefore claim as our 
invention all that comes within the scope and spirit of these 
claims. 

ttcttittgcc ctitt.ccttitt cataaactga actt catttit aagcaacaag totgtgtgaa 60 

acagaaatgt cctaatctot ctittgaccala atgtacc cat attc cc titat gtta acatgt 12O 

atttitttaca tittaagattg ttaaagtgga acagtttittt ttctgc catt at agcacctg 18O 

tot ct actitt to aaagtata tdaattatga totttct cat gtggttgtaa gocc catctt 24 O 

tacaagattic acttgat citt toatatt caa ttatt tatgg aacaaaatac ct gt caattic 3 OO 

ttagagt citt ttctacataa tittatttgttgaaagaaaatgttactggaaa gtgacaaatt 360 

agagt caaaa tataaag act gtggcaggitt at at accitat agtgttgatat gaaagcttitt 42O 

gtaagaagag gtagtgg tac taaactggac aaaatcCaga taaaagaggc tittgttgaaaa 48O 

tdagg taaaa atttacttaa tatacagcaa at actaatag ttgctgttta taaaatacca 54 O 

ttittctgaac attgtttittg cacatataac taaaatgttgaatataccca agtatgaaaa 6 OO 

tittagtgtca tagat attaa galacattcta cc cttitt cag gagagt catt gacagtgatt 660 

taagtgactic togcttacact gcttgtc.ctic taac actgac to cataatga ttgcagcaaa 72O 

aaattaaagc ticaaacggit c ttggggatta cc tagttcaa tdactittgat ttaacacagt 78O 

aagtacttga agtagaaaga gg tacattaa caa.gc.caggc aatgatgata tigagggcag 84 O 

tgtgattaga gtacaggatt ctacact cat tctgcattat tdgttcatat ttctitctggg 9 OO 

gtaact cact tcct tcc titt tt catattitt cattgcticta actictagoct tdactittagg 96.O 

aacat ct citt citttitt coac ctataagata gaattgttitt ctdctgcagg agattaagat 102O 

agctggcatt cotttatgct tatttagt catttcaag.cga ttaact tcat cotlatcagac 108O 

tttgagatta agctgc.cagt agtgacctica ttaaagt cca cactitctaat aagcttct ct 114 O 

aaaaattgtt gagaaggcat tcttgagttg gtacagggala agaattgttgg actic agaa.gc 12 OO 

aaa catagoa aagct cattt gttccagtict atggitttaca gg.tcaagtga tittgggacca 1260 
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attgccaaaa tacattggtg aggaaaggca ttaatat caa citatgccaag titactatgct 32O 

tattaaactic aac catgata cagagittata taatgttata atgtatt cat tdaatgttitt 38O 

ataagaaacc aattgttt at ttgttattta actictogcaaa act acagaaa gogggaaatgg 44 O 

ttatttaagt giggitaataag titttalagtat ttatcgttca taataattaa cagagatgtt SOO 

acaaaaatgt gactgattitt acttgaaatgttgcc attitt agtaaatgtg gtgccaaagc 560 

aag catgaaa tdttgc catt ttaaagacat ttattittcta atgctataat atatt catta 62O 

catatt atta aaataattaa totaaaaata cccaaaatgt gaaaataa.ca cqtaagt cct 68O 

attt tatgat titt coat atc aaatt cagaa actaatactic agat cittatt gtttaaatag 74 O 

tatttaaaat taaaga caca tagt caggaa tatatgctaa ataaattitt c caaattgaat 8OO 

aactaactitt cagggttgcc titactittcaa caagaatatg cct ct atttg attactaatt 86 O 

gtaactttgt toatagacta cataaggtaa tattacaaac atatt catta ttittgacaca 92 O 

tact tactta aataataaat aaa cattaga aaatatactt act atttata tataaagaat 98 O 

tttitttgttt cqaaggaact ttaataaatg agattataag gttgttgttc agg tacattg 2O4. O 

aacattttitt caggittaata aggtgtctaa aaataagttt agaaagatct aagg tattot 21OO 

tttittatttgtttttgtcct tttittattitt totttitttga actgggtttc ttcttcaatt 216 O 

agcc ctdgct ggatgtcc td gaactagotc tatatgc cat gctgtct tca aact cataga 222 O 

gatctgccta cctittgcatc ccaagtgctg ggattaaagg tatgalaccac citct tccacc 228O 

actgccaagt aagaattctt attittacata agt cattatgaaggaagtta totgtttact 234 O 

gtaaacaaga ttaatgactt ggtttgctga ttitt citctga aaa catgaaa tot citt cata 24 OO 

tagatc.ttgc titctggataa taaaaggc cc atggagaaat gttcgtctgt c tagttt cat 246 O 

attcat atta atgatcctga at caattitt.c ctic cattgag acttgcatac ttaagtatta 252O 

atgattgctg gagttc catt cataaggatt citt tatgtat tacatgttaa aatttittaaa 2580 

ccitacgacat tittgggatat agtttagtaa alacat cittaa atggtgtaag togg taccaat 264 O 

tagtttgaag gcaaaaacaa ttgtttalagt ggattalaggt Ctgttcaat a citagggalaca 27 OO 

cctgcttgaa acacttgaca atagaaactt agctaactta cc catgtctg gaaaggt cat 276 O 

ggactctgaa gcaaaactac titt taccatt titcctaaatc aatatagctt ttalactatt c 282O 

taaacactga t cattatacc catagacagt ttagatcaac cctitt coaaa gaagattctg 288O 

tttgtagtag ataaggctta atacaaagat cotcaattgg to caaatcca gagaataggit 294 O 

aagcctgtgg tdtttaggtg cccaact tag totaccalata atactacct a tigtacttgag 3 OOO 

tact agtgaa caggatacag aaggtggit at Caggalagact gtaagaacca gaaaatatga 3 O 6 O 

atacatacat gtgtatattt atgcaagagt aacaattaaa gaagtttatt aatctgagtg 312 O 

tgitatgtgtt aatgtataaa aatct cagaa aag tatttaa aattattittg cctittggaaa 318O 

taaaaataac aagtattgtt caagaaaaag ataattic cag gatactagoc aattittgctic 324 O 

ttaact taga aatataatta tatttitttct tct ctittgac toggataaata totacgaatg 33 OO 

ttctittgaat atttgcagcc aatttgactic cctaaaaaat gigtatagittt taaatgtgtt 3360 

taac at attg ctitttgttgaa agacatttitt ttagt attag attcaatact ttittaac cat 342O 

gtggacatgg ttggtgtt at ttttgttcta gaaaggaact gttaaatttic togctic caact 3480 

taggtoatat aagggaaaat gaatctggta ttctacagaa aaatataact gtaac cattt 354 O 
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gcagcCttt C Cagaag caga agcgcggcgc caatggctcg cgaatgaat C C C9tcggittt 9 OO 

taacaaacgg toggtgaacc tigggaaaaa cct gcggitta accca actta aatticgc.cct 96.O 

Ctgggcaaga C 

1-22. (canceled) 
23. A method for authenticating that a cell of interest is a 

retinal pigment epithelial cell, comprising 
culturing an induced pluripotent stem cell under conditions 

sufficient to form a retinal pigment epithelial cell to 
produce a cell of interest; 

assaying expression of a set of markers comprising MITF. 
PAX6 LHX2, TFEC, CDH1, CDH3, CLDN 10, CLDN 
16, CLDN 19, BEST1, TIMP3, TRPM1, TRPM3, TTR, 
VEGFA, CSPG5, DCT, TYRP1, TYR, SILV, SIL1, 
MLANA, RAB27A, OCA2, GPR143 (NM 000273), 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, MERTK, ALDH1A3, FBLN1, 
SLC16A1, KCNV2, KCNJ13, and CFTR, in the cell of 
interest; 

assaying the polarization of the cell of interest; 
patch clamping the cell of interest and determining the 

resting potential of the cell of interest; and 
evaluating the fluid transport rate of the cell of interest; 
wherein expression of MITF, PAX6, LHX2, TFEC, CDH1, 
CDH3, CLDN10, CLDN16, CLDN19, BEST1, TIMP3, 
TRPM1, TRPM3, TTR, VEGFA, CSPG5, DCT, 
TYRP1, TYR, SILV, SIL1, MLANA, RAB27A, OCA2, 
GPR143, GPNMB, MYO6, MYRIP, RPE65, RBP1, 
RBP4, RDH5, RDH11, RLBP1, MERTK, ALDH1A3, 
FBLN1, SLC16A1, KCNV2, KCNJ13, and CFTR, a 
resting potential of about -50 to about -60 mV, and a 
fluid transport rate of about 5 to about 10 ul cm'h' 
indicates that the cell of interest is a retinal pigment 
epithelial cell. 

24. The method of claim 23, further comprising: 
assaying expression of miR204 and miR211 in the cell of 

interest; 
wherein expression of MITF, PAX6, LHX2, TFEC, CDH1, 
CDH3, CLDN10, CLDN16, CLDN19, BEST1, TIMP3, 
TRPM1, TRPM3, TTR, VEGFA, CSPG5, DCT, 
TYRP1, TYR, SILV, SIL1, MLANA, RAB27A, OCA2, 
GPR143, GPNMB, MYO6, MYRIP, RPE65, RBP1, 
RBP4, RDH5, RDH11, RLBP1, MERTK, ALDH1A3, 
FBLN1, SLC16A1, KCNV2, KCNJ13, and CFTR, 
expression of miR204 and miR211, a resting potential of 
about -50 to about -60 mV and a fluid transport rate of 
about 5 to about 10 ulcm'h' indicates that the cell is a 
retinal pigment epithelial cell. 

25-45. (canceled) 
46. The method of claim 23, wherein assaying expression 

of a set of markers comprises MITF, PAX6, LHX2, TFEC, 
CDH1, CDH3, CLDN10, CLDN16, CLDN19, BEST1, 
TIMP3, TRPM1, TRPM3, TTR, VEGFA, CSPG5, DCT, 
TYRP1, TYR, SILV, SIL1, MLANA, RAB27A, OCA2, 
GPR143, GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, MERTK, ALDH1A3, FBLN1, 
SLC16A1, KCNV2, KCNJ13, and CFTR comprises detect 
ing MITF mRNA, PAX6 mRNA, LHX2 mRNA. TFEC 
mRNA, CDH1 mRNA, CDH3 mRNA, CLDN10 mRNA, 
CLDN16 mRNA, CLDN19 mRNA, BEST1 mRNA, TIMP3 

971. 

mRNA, TRPM1 mRNA, TRPM3 mRNA, TTR mRNA, 
VEGFA mRNA, CSPG5 mRNA, DCT mRNA TYRP1 
mRNA TYR mRNA, SILV mRNA, SIL1 mRNA, MLANA 
mRNA, RAB27A mRNA, OCA2 mRNA, GPR143 mRNA, 
GPNMB mRNA, MYO6 mRNA, MYRIP mRNA, RPE65 
mRNA, RBP1 mRNA, RBP4 mRNA, RDH5 mRNA, RDH11 
mRNA, RLBP1 mRNA, MERTK mRNA, ALDH1A3 
mRNA, FBLN1 mRNA, SLC16A1 mRNA, KCNV2 mRNA, 
KCNJ13 mRNA, and CFTR mRNA. 

47. The method of claim 23, wherein assaying expression 
of a set of markers comprises assaying MITF, PAX6, LHX2, 
TFEC, CDH1, CDH3, CLDN10, CLDN16, CLDN19, 
BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, CSPG5, 
DCT, TYRP1, TYR, SILV, SIL1 MLANA, RAB27A, OCA2, 
GPR143, GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, MERTK, ALDH1A3, FBLN1, 
SLC16A1, KCNV2, KCNJ13, and CFTR comprises detect 
ing MITF protein, PAX6 protein, LHX2 protein, TFEC pro 
tein, CDH1 protein, CDH3 protein, CLDN10 protein, 
CLDN16 protein, CLDN19 protein, BEST1 protein, TIMP3 
protein, TRPM1 protein, TRPM3 protein, TTR protein, 
VEGFA protein, CSPG5 protein, DCT protein, TYRP1 pro 
tein, TYR protein, SILV protein, SIL 1 protein, MLANA pro 
tein, RAB27A protein, OCA2 protein, GPR143 protein, 
GPNMB protein, MYO6 protein, MYRIP protein, RPE65 
protein, RBP1 protein, RBP4 protein, RDH5 protein, RDH11 
protein, RLBP1 protein, MERTK protein, ALDH1A3 pro 
tein, FBLN1 protein, SLC16A1 protein, KCNV2 protein, 
KCNJ13 protein, and CFTR protein. 

48. A method for authenticating that a cell of interest is a 
retinal pigment epithelial cell, comprising 

culturing an induced pluripotent stem cellunder conditions 
sufficient to form a retinal pigment epithelial cell to form 
a cell of interest; and 

assaying expression of a set of markers comprising MITF. 
PAX6, TFEC, CLDN16, CLDN19, BEST1, TIMP3, 
DC1, TYRP1, TYR, OCA2, GPNMB, MYO6, MYRIP, 
RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, and 
MERTK in the cell of interest; 

wherein expression of MITF, PAX6, TFEC, CLDN16, 
CLDN19, BEST1, TIMP3, DCT, TYRP1, TYR, OCA2, 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, and MERTK indicates the cell 
of interest is a retinal pigment epithelial cell. 

49. The method of claim 48, further comprising 
assaying expression of miR204 and miR211 in the cell of 

interest; 
wherein expression of MITF, PAX6, TFEC, CLDN16, 
CLDN19, BEST1, TIMP3, DCT, TYRP1, TYR, OCA2, 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, MERTK, miR204 and miR211 
indicates that the cell of interest is a retinal pigment 
epithelial cell. 
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50. The method of claim 49, further comprising 
assaying the polarization of the cell of interest; 
wherein expression of MITF, PAX6, TFEC, CLDN16, 
CLDN19, BEST1, TIMP3, DCT, TYRP1, TYR, OCA2, 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, and MERTK, and expression 
of miR204 and miR211 indicates the cell of interest is a 
retinal pigment epithelial cell. 

51. The method of claim 50, wherein the cell of interest has 
an apical surface and a basal surface, and wherein assaying 
polarization comprises measuring selective CO permeability 
of the apical surface of the cell of interest. 

52. The method of claim 50, further comprising 
patch clamping the cell of interest and determining the 

resting potential of the cell; 
wherein expression of MITF, PAX6, TFEC, CLDN16, 
CLDN19, BEST1, TIMP3, DCT, TYRP1, TYR, OCA2, 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, and MERTK, expression of 
miR204 and miR211, and a resting potential of about 
-50 to about -60 mV indicates the cell of interest is a 
retinal pigment epithelial cell. 

53. The method of claim 52, further comprising 
evaluating the fluid transport rate of the cell of interest; 
wherein expression of MITF, PAX6, TFEC, CLDN16, 
CLDN19, BEST1, TIMP3, DCT, TYRP1, TYR, OCA2, 
GPNMB, MYO6, MYRIP, RPE65, RBP1, RBP4, 
RDH5, RDH11, RLBP1, and MERTK, expression of 
miR204 and miR211, a resting potential of about -50 to 
about -60 mV, and a fluid transport rate of about 5 to 
about 10 ulcmh' indicates that the cell of interest is a 
retinal pigment epithelial cell. 

54. The method of claim 53, wherein evaluating the fluid 
transport rate of the cell of interest comprises measuring the 
fluid transport rate with a capacitance probe. 

55. The method of claim 48, wherein assaying the expres 
sion of a set of markers comprises assaying MITF, PAX6. 
TFEC, CLDN16, CLDN19, BEST1, TIMP3, DCT, TYRP1, 
TYR, OCA2, GPNMB, MYO6, MYRIP, RPE65, RBP1, 
RBP4, RDH5, RDH11, RLBP1, and MERTK comprises 
detecting MITF mRNA, PAX6 mRNA. TFEC mRNA, 
CLDN16 mRNA, CLDN19 mRNA, BEST1 mRNA, TIMP3 
mRNA, DCT mRNA TYRP1 mRNA TYR mRNA, OCA2 
mRNA, GPNMB mRNA, MYO6 mRNA, MYRIP mRNA, 
RPE65 mRNA, RBP1 mRNA, RBP4 mRNA, RDH5 mRNA, 
RDH11 mRNA, RLBP1 mRNA, and MERTK mRNA. 

56. The method of claim 48, wherein assaying the expres 
sion of a set of markers comprises assaying MITF, PAX6. 
TFEC, CLDN16, CLDN19, BEST1, TIMP3, DCT, TYRP1, 
TYR, OCA2, GPNMB, MYO6, MYRIP, RPE65, RBP1, 
RBP4, RDH5, RDH11, RLBP1, and MERTK comprises 
detecting MITF protein, PAX6 protein, TFEC protein, 
CLDN16 protein, CLDN19 protein, BEST1 protein, TIMP3 
protein, DCT protein, TYRP1 protein, TYR protein, OCA2 
protein, GPNMB protein, MYO6 protein, MYRIP protein, 
RPE65 protein, RBP1 protein, RBP4 protein, RDH5 protein, 
RDH11 protein, RLBP1 protein, and MERTK protein. 

57. A method of determining if an induced pluripotent stem 
cell has differentiated into a retinal pigment epithelial cell; 

culturing an induced pluripotent stem cell under conditions 
sufficient to form a retinal pigment epithelial cell to 
produce a cell of interest: 

assaying expression of SOX2, PAX6, RPE65, RDH5, 
TRPM1, and BEST1 in the cell of interest: 
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assaying the polarization of the cell of interest; 
patch clamping the cell of interest to determine the resting 

potential; and 
evaluating the fluid transport rate of the cell; 
wherein a decrease in expression of SOX2 and an increase 

in the expression of PAX6, RPE65, RDH5, TRPM1, and 
BEST1 in the cell of interest as compared to the induced 
pluripotent stem cell, a resting potential of about -50 to 
about -60 mV and a fluid transport rate of about 5 to 
about 10 ulcmh' indicates that the cell derived from 
the induced pluripotent stem cell is a retinal pigment 
epithelial cell. 

58. The method of claim 57, wherein evaluating the fluid 
transport rate of the cell of interest comprises measuring the 
fluid transport rate with a capacitance probe. 

59. The method of claim 57, wherein the cell of interest has 
an apical surface and a basal surface, and wherein assaying 
polarization comprises measuring selective CO2 permeability 
of the apical surface of the cell of interest. 

60. The method of claim 57, further comprising 
assaying expression of miR204 and miR211 in the cell of 

interest; 
wherein the decrease in expression of SOX2 and the 

increase in the expression of PAX6, RPE65, RDH5, 
TRPM1, and BEST1 as compared to the induced pluri 
potent stem cell, expression of miR204 and miR211, a 
resting potential of about -50 to about -60 mV and the 
fluid transport rate of about 5 to about 10 ulcmh' 
indicates that the cell derived from the induced pluripo 
tent stem cell is a retinal pigment epithelial cell. 

61. The method of claim 23, wherein the cell of interest is 
transformed with a heterologous nucleic acid molecule 
encoding a marker, wherein the heterologous nucleic acid 
molecule is operably linked to a retinal pigment epithelial cell 
specific promoter. 

62. The method of claim 61, wherein the retinal specific 
promoter is a tyrosinase promoter. 

63. The method of claim 61, further comprising measuring 
transepithelial potential of the cell of interest using calomel 
electrodes in an Ussing chamber. 

64. The method of claim 63, wherein assaying expression 
of expression of MITF, PAX6, LHX2, TFEC, CDH1, CDH3, 
CLDN10, CLDN16, CLDN19, BEST1, TIMP3, TRPM1, 
TRPM3, TTR, VEGFA, CSPG5, DCT, TYRP1, TYR, SILV. 
SILL MLANA, RAB27A, OCA2, GPR143, GPNMB, 
MYO6, MYRIP, RPE65, RBP1, RBP4, RDH5, RDH11, 
RLBP1, MERTK, ALDH1A3, FBLN1, SLC16A1, KCNV2. 
KCNJ13, and CFTR comprises performing a multiplex assay 
to quantitate expression of expression of all of MITF, PAX6. 
LHX2, TFEC, CDH1, CDH3, CLDN10, CLDN16, 
CLDN19, BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, 
CSPG5, DCT, TYRP1, TYR, SILV, SILL MLANA, 
RAB27A, OCA2, GPR143, GPNMB, MYO6, MYRIP. 
RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, MERTK, 
ALDH1A3, FBLN1, SLC16A1, KCNV2, KCNJ13, and 
CFTR. 

65. The method of claim 63, wherein assaying expression 
of expression of MITF, PAX6, LHX2, TFEC, CDH1, CDH3, 
CLDN10, CLDN16, CLDN19, BEST1, TIMP3, TRPM1, 
TRPM3, TTR, VEGFA, CSPG5, DCT, TYRP1, TYR, SILV, 
SU, MLANA, RAB27A, OCA2, GPR143, GPNMB, MYO6, 
MYRIP, RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, 
MERTK, ALDH1A3, FBLN1, SLC16A1, KCNV2, 
KCNJ13, and CFTR comprises performing quantitative poly 
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merase chain reaction (qPCR) to detect expression of MITF. 
PAX6, LHX2, TFEC, CDH1, CDH3, CLDN10, CLDN16, 
CLDN19, BEST1, TIMP3, TRPM1, TRPM3, TTR, VEGFA, 
CSPG5, DCT, TYRP1, TYR, SILV, SILL MLANA, 
RAB27A, OCA2, GPR143, GPNMB, MYO6, MYRIP, 
RPE65, RBP1, RBP4, RDH5, RDH11, RLBP1, MERTK, 
ALDH1A3, FBLN1, SLC16A1, KCNV2, KCNJ13, and 
CFTR mRNA 

66. The method of claim 64, wherein assaying expression 
of miR204 and miR211 comprises performing qPCR to 
detect expression of miR204 and miR211. 

k k k k k 

Dec. 24, 2015 


