
Journal of Visualized Experiments
 

Deriving Retinal Pigment Epithelium from Induced Pluripotent Stem Cells by Different
Sizes of Embryoid Bodies

--Manuscript Draft--
 

Manuscript Number: JoVE52262R2

Full Title: Deriving Retinal Pigment Epithelium from Induced Pluripotent Stem Cells by Different
Sizes of Embryoid Bodies

Article Type: Invited Methods Article - JoVE Produced Video

Keywords: induced pluripotent stem (iPS) cells, retinal pigment epithelium (RPE), retinal pigment
epithelium derived from induced-pluripotent stem (iPS-RPE) cells, tissue engineering,
embryoid bodies (EBs)

Manuscript Classifications: 95.51.24: life sciences; 95.51.8: bioengineering (general)

Corresponding Author: Heuy-Ching Wang, Ph.D.
US Army Institute of Surgical Research
Fort Sam Houston, TX UNITED STATES

Corresponding Author Secondary
Information:

Corresponding Author E-Mail: heuy-ching.h.wang.civ@mail.mil

Corresponding Author's Institution: US Army Institute of Surgical Research

Corresponding Author's Secondary
Institution:

First Author: Alberto Muniz, Ph.D.

First Author Secondary Information:

Other Authors: Alberto Muniz, Ph.D.

Kaini R Ramesh, M.D., Ph.D.

Whitney A Greene, Ph.D.

Jae-Hyek Choi, Ph.D.

Order of Authors Secondary Information:

Abstract: Pluripotent stem cells possess the ability to proliferate indefinitely and to differentiate
into almost any cell type. Additionally, the development of techniques to reprogram
somatic cells into induced pluripotent stem (iPS) cells has generated interest and
excitement towards the possibility of customized personal regenerative medicine.
However, the efficiency of stem cell differentiation towards a desired lineage remains
low. The purpose of this study is to describe a protocol to derive retinal pigment
epithelium (RPE) from iPS cells (iPS-RPE) by applying a tissue engineering approach
to generate homogenous populations of embryoid bodies (EBs), a common
intermediate during in vitro differentiation. The protocol   applies the formation of
specific size of EBs using microwell plate technology. The methods for identifying
protein and gene markers of RPE by immunocytochemistry and reverse-transcription
polymerase chain reaction (RT-PCR) are also explained. Finally, the efficiency of
differentiation in different sizes of EBs  monitored by fluorescence-activated cell sorting
(FACS) analysis of RPE markers is described. These techniques will facilitate the
differentiation of iPS cells into RPE for future applications.

Author Comments:

Additional Information:

Question Response

If this article needs to be "in-press" by a Sep 30, 2014

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



certain date to satisfy grant requirements,
please indicate the date below and
explain in your cover letter.

If this article needs to be filmed by a
certain date to due to
author/equipment/lab availability, please
indicate the date below and explain in
your cover letter.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript type: Article 

Title: MicroRNA Expression Profiles of Human iPS cells, Retinal Pigment Epithelium 
derived from iPS, and Fetal Retinal Pigment Epithelium 
 

Authors: Muniz, Alberto, Greene, Whitney A., Ramesh, Kaini R, Choi, Jae-Hyek and 

Wang, Heuy-Ching 

 

Corresponding Author: Heuy-Ching Wang, PhD 
Ocular Trauma 
U.S. Army Institute of Surgical Research 
3698 Chambers Pass Ave., Bldg 3610 
JBSA Fort Sam Houston TX 78234-6315 
Tel.: 210- 539-9692 
E-mail: heuy-ching.h.wang.civ@mail.mil 
 

Explanation of manuscript significance: 
 
 
The technology to derive retinal pigment epithelium (RPE) from induced-pluripotent 
stem cells (iPS) shows great promise toward treatment of retinopathies by patient 
specific regenerative medicine. Indeed, a very recent Phase I clinical trial to establish 
the safety and tolerability of subretinal transplantation of human ES-derived retinal 
pigment epithelium in patients with Stargardt’s macular dystrophy and dry age-related 
macular degeneration showed no signs of hyperproliferation, tumorigenicity, ectopic 
tissue formation, or apparent rejection after 4 months One attractive approach for in 
vitro differentiation of ES/iPS cells is to make embryoid bodies (EBs) to simulate normal 
embryological development.  The focus of this study is to characterize the influence of 
EBs size on the iPS-RPE differentiation process. 
 
 
 
 
 
 
Sincerely yours, 
Heuy-Ching Wang, PhD 
Ocular Trauma 
U.S. Army Institute of Surgical Research 
3698 Chambers Pass Ave., Bldg 3610 
Fort Sam Houston TX 78234-6315 

Cover Letter

mailto:heuy-ching.h.wang.civ@mail.mil


TITLE:  
Deriving Retinal Pigment Epithelium from Induced Pluripotent Stem Cells by Different 
Sizes of Embryoid Bodies.  
 
AUTHOR AFFILIATION: 
Muñiz, Alberto  
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 
Albmuniz1@gmail.com   
 
Ramesh, Kaini R 
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 
Ramesh.r.kaini.vol@mail.mil  
 
Greene, Whitney A.  
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 
Whitney.A.Greene2.vol@mail.mil  
 
Choi, Jae-Hyek  
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 
Jae-Hyek.Choi.vol@mail.mil  
 
Wang, Heuy-Ching 
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 
Heuy-ching.h.wang.civ@mail.mil  
 
CORRESPONDING AUTHOR 
Wang, Heuy-Ching 
Ocular Trauma,  
U.S. Army Institute of Surgical Research,  
JBSA Fort Sam Houston, TX  
78234-6315 

Manuscript
Click here to download Manuscript: 52262_R2_RE.docx 

mailto:Albmuniz1@gmail.com
mailto:Ramesh.r.kaini.vol@mail.mil
mailto:Whitney.A.Greene2.vol@mail.mil
mailto:Jae-Hyek.Choi.vol@mail.mil
mailto:Heuy-ching.h.wang.civ@mail.mil
http://www.editorialmanager.com/jove/download.aspx?id=195890&guid=60c882c0-c595-466c-8037-5edef869e9df&scheme=1


Heuy-ching.h.wang.civ@mail.mil 
 
KEYWORDS: 
Induced pluripotent stem (iPS) cells, retinal pigment epithelium (RPE), retinal pigment 
epithelium derived from induced pluripotent stem (iPS-RPE) cells, tissue engineering, 
embryoid bodies (EBs). 
 
SHORT ABSTRACT:  
The objective of this report is to describe the protocols to derive the retinal pigment 
epithelium (RPE) from induced pluripotent stem (iPS) cells using different sizes of 
embryoid  bodies. 
 
LONG ABSTRACT:  
Pluripotent stem cells possess the ability to proliferate indefinitely and to differentiate 
into almost any cell type. Additionally, the development of techniques to reprogram 
somatic cells into induced pluripotent stem (iPS) cells has generated interest and 
excitement towards the possibility of customized personal regenerative medicine. 
However, the efficiency of stem cell differentiation towards a desired lineage remains 
low. The purpose of this study is to describe a protocol to derive retinal pigment 
epithelium (RPE) from iPS cells (iPS-RPE) by applying a tissue engineering approach to 
generate homogenous populations of embryoid bodies (EBs), a common intermediate 
during in vitro differentiation. The protocol   applies the formation of specific size of EBs 
using microwell plate technology. The methods for identifying protein and gene markers 
of RPE by immunocytochemistry and reverse-transcription polymerase chain reaction 
(RT-PCR) are also explained. Finally, the efficiency of differentiation in different sizes of 
EBs  monitored by fluorescence-activated cell sorting (FACS) analysis of RPE markers 
is described. These techniques will facilitate the differentiation of iPS cells into RPE for 
future applications. 
 
INTRODUCTION:  
Induced pluripotent stem (iPS) cells are a type of pluripotent stem cell  derived by 
reprogramming adult cells with extrinsic factors1. In contrast, embryonic stem cells 
(ESCs), another type of pluripotent stem cell, are generated from the inner cell mass of 
the blastocyst2-3. Despite their different origins, iPS cells and ESCs are comparable in 
their unlimited capacity to replicate in vitro and in their capacity to differentiate into any 
cell type4-5. These characteristics of iPS cells make them ideal candidates for 
applications in personalized regenerative medicine. Recent research efforts are focused 
on developing robust differentiation protocols for producing specialized adult cells 
including retinal pigment epithelium (RPE)6-11. 
 
For potential clinical applications of iPS derived cells, a directed differentiation for that 
specific cell type is essential. There are various methods published for directed 
differentiation of both ESCs and iPS cells into RPE that varies greatly in their efficiency6-

7, 12-16. We still do not know many of the molecular events that govern the cell/tissue fate 
during development or differentiation. In recent years, efforts have been made to 
develop the differentiation protocol that can mimic the embryological development as 
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much as possible. During the blastocyst phase, uncommitted population of stem cells 
are together in a three dimensional microenvironment. So, various strategies were 
applied to make the ESC/iPS cells assembled together and grow them in three 
dimensions. These stem cell aggregates are called embryoid bodies (EBs). Studies 
have shown that EB differentiation of stem cells mimic early stage of embryo 
development and can spontaneously give rise to primitive endoderm on its exterior 
surface. Later, as EB development progresses, differentiated cell phenotypes of all 
three germ lineages appear17-18. Therefore, EBs based differentiation protocols have 
attracted a lot of attention for in vitro differentiation of ESC/iPS cells and are a good 
candidate for RPE generation from pluripotent stem cells13. 
 
EBs can be made using several methods from ESC/iPS cells. Initially, EBs were made 
by scraping off adherent colonies and maintaining them in non-adherent suspension 
culture. However, this approach yields heterogeneous population of EBs that causes 
low reproducibility. Hanging drop cell culture and microwell based EBs formation are 
other popular techniques for EBs formation which yield homogenous EBs of defined 
sizes that are highly reproducible. Furthermore, the microwell technique can yield large 
number of aggregates with less effort. 
 
Differentiation of cells within EBs is regulated by a multiplex of morphogenic cues from 
the extracellular and intracellular microenvironment. In contrast to differentiation in a 
monolayer format, EBs provide a platform for complex assembly of cells and 
intercellular signaling to occur17.  Interestingly, the number of pluripotent stem cells used 
to make individual EBs was observed to influence the fate of cells.  For example, in a 
hematopoetic differentiation study of human ESCs, it was observed that 500 cell EB 
promoted differentiation towards myeloid lineage whereas 1000 cell EB pushed towards 
erythroid lineage20.  In another study, smaller EBs favored endoderm differentiation 
whereas larger EBs promoted towards neuro-ectoderm differentiation11, 17. 
 
These past studies strongly suggest that the number of ESC/iPS cells used to make 
individual EBs affect the EBs based differentiation to any cell types. However, to our 
knowledge, there are no current studies that have elucidated the impact of EBs size in 
its propensity to differentiate towards RPE. The goal of this study is to characterize the 
influence of EBs size on induced pluripotent stem (iPS) cells - retinal pigment epithelium 
(iPS-RPE) differentiation and to identify the optimum cell number to make the EBs for 
directed differentiation towards RPE lineage. 
   
PROTOCOL: 
1. Preparation of culture reagents and culture plates 
 
1.1 Prepare feeder-free stem cell culture medium by adding 100 ml of 5X serum-free 

supplement to 400ml of stem cell basal medium.  The medium is stable at 4°C for up 
to 2 weeks and at -20°C for 6 months. 

 

1.2 Add 10 M solution of rho-associated, coiled-coil containing protein kinase (Rock) 
inhibitor (Y-27362) to commercially available embryoid body (EB) formation medium.   



 
1.3 Prepare differentiation medium by adding 0.1 mM β-mercaptoethanol, 0.1 mM 
nonessential amino acids, 2 mM L-glutamine, 10% knockout serum replacement (KSR) 
and 10µg/ml gentamicin to Dulbecco's Modified Eagle Medium/Nutrient Mixture F-12 
(DMEM/F12). 
 
1.4 Prepare iPS-RPE medium by adding 1x N1 supplement, 0.1mM nonessential amino 
acids, 250 µg/ml taurine, 13 ng/ml triiodo-L-thyronine sodium salt, 20 ng/ml 
hydrocortisone, 5 µg/ml gentamicin, and 15% Fetal bovine serum (FBS) 21 to Minimum 
Essential Medium Eagle (MEM). Adjust the pH to 7.4. 
 
1.5 Prepare triiodo-L-thyronine sodium salt stock solution. Dissolve 1 mg of triiodo-L-
thyronine sodium salt in 1N sodium hydroxide by gently swirling. Add 49 ml of MEM to 
make 50 ml of 20 µg/ml of triiodo-L-thyronine sodium salt. Prepare aliquots and freeze 
at -20° C until needed. Use appropriate volume to achieve desired concentration in final 
culture medium. 
 
1.6 Prepare hydrocortisone stock solution. Solubilize 1 mg of hydrocortisone in 1 ml of 
100% ethanol by gentle agitation. Add 19 ml of MEM to make 20 ml of 50 ug/ml 
hydrocortisone stock solution. Aliquot and freeze at -20°C until needed.  Use 
appropriate volume to achieve the desired concentration in the final culture medium.  
 
1.7 Prepare a working solution of dispase of 1 mg/ml in DMEM/F12. 
 
1.8 Preparation of matrix coated plates  
 
1.8.1 Prepare protein matrix extracted from Engelbreth-Holm-Swarm (EHS) mouse 
sarcoma cells in DMEM/F12 to 0.08 mg/ml.  Coat each well of a 6-well plate with 1 ml of 
the matrix solution.  Incubate the coated plates at room temperature for 1 hour.   
 
1.8.2 After the 1 hour incubation, aspirate the excess DMEM/F12. Add 0.5 ml of feeder-
free stem cell culture medium to prevent drying of the wells. The matrix coated plates 
are ready for use.  
 
1.9 Prepare microwell plates, by rinsing each well with 2 ml of DMEM/F12. Remove 
DMEM/F12 and add 0.5 ml of EB formation medium supplemented with Rock inhibitor 
to each well. Centrifuge the plate at 2000 x g for 5 minutes to remove any air bubbles. 
 
1.10 Prepare FACS staining buffer by mixing 2% FBS, and 0.09% sodium azide in 
phosphate buffered saline (PBS). Adjust the buffer to pH 7.4. 
 
1.11 Prepare Trypsin neutralizing solution by adding 10 % FBS to DMEM/F12.  
 
2. iPS culture  
 
2.1 Prior to iPS cell seeding, warm feeder-free stem cell culture medium to 37°C , and 



have the matrix coated plates ready.  
 
2.2 Quickly thaw the IMR90-1 iPS cells in a 37°C water bath. Then remove the cryo-vial 
from the water bath and wipe the vial with 70% ethanol. Transfer the cells to a 15 ml 
conical tube using a 2 ml pipette to minimize breaking of cell clumps.  
 
2.3 Add 5 ml of warm feeder-free stem cell culture medium to the cells dropwise and 
gently mix. Centrifuge the cells at 300 x g for 5 minutes at room temperature and 
remove the supernatant.  
 
2.4 Carefully resuspend the cell clumps in 2 ml of feeder-free stem cell culture medium 
and seed the cell clumps in the wells of matrix-coated plate.  Place the plate into a 37°C 
incubator with 5% CO2, 95% humidity.  
 
2.5 Change the iPS cell culture medium daily. Observe undifferentiated colonies five to 
seven days after seeding. Check for undifferentiated colonies that are ready for 
passage (colonies with a dense center) under a light microscope. 
 
3. Passaging of iPS cells  
 
3.1 Prior to beginning to passage the iPS cells, warm the dispase solution,   DMEM/F12 
and feeder-free stem cell culture medium to 37°C in water bath. 
 
3.2 Before passaging iPS cells, remove any areas of differentiation by scraping the area 
and aspirating the medium. Carefully rinse the iPS cells with 2 ml DMEM/F12.  
 
3.3 Add 1 ml of 1 mg/ml dispase to each well and incubate at 37°C for 7 minutes. 
Aspirate the dispase and gently rinse the cell colonies with 2 ml of DMEM/F12 two 
times.  After rinsing, add 2 ml of feeder-free stem cell culture medium to each well.  
 
3.4 Using a 5 ml pipette gently scrape the colonies of the plate to form cell clumps. 
Transfer the detached cell clumps to a 15 ml conical tube. Add sufficient feeder-free 
stem cell culture medium to seed the next passage of cells. 
 
4. Generation of EBs using microwell plates  
 
4.1 Preparation of a single cell suspension of iPS cells 
 
4.1.1 Remove the medium from the iPS cells and rinse the iPS cells with 2 ml of 
DMEM/F12.  Add 750 µl of accutase to iPS cells at each well of the 6-well plate.  
Incubate the cells at 37°C and 5% CO2 to allow the cells to  detach from the plate 
(approximately 5- 10 minutes). 
 
4.1.2 Use a pipette to gently dissociate any remaining cells and to detach any remaining 
cells on the plate surface. Transfer the cells to a 50 ml conical tube. Rinse the plate with 
5 ml of DMEM/F12and combine the rinsed DMEM/F12 with the cells in the conical tube. 



Pass the cell suspension through a 40 µm cell strainer to remove any possible residual 
cell clumps. 
 
4.1.3 Centrifuge the cells at 300 x g for 5 minutes at room temperature to remove the 
accutase. Resuspend the cell pellet in EB formation medium so that the cell 
concentration is approximately 0.5- 1.0 x 107 cells/ml. 
 
4.1.4 Determine the number of viable cells by counting the cells with Trypan Blue and a 
hemocytometer. 
 
4.2 Adjusting cell density in microwells to form size-controlled EBs 
 
4.2.1 Adjust the number of cells to each well of the microwell  plate to generate the desired EB 

sizes. Add cells to the microwells of the plates prepared in step 1.9., Evenly distribute 
the cells by gently pipetting the cells several times. 
 
NOTE: Number of cells required per well = desired number of cells per EB x number of 
microwells per well. 

 
4.2.2 Adjust the EB formation medium supplemented with Rock inhibitor in the wells to a 
final volume of 2.0 ml.  Redistribute the cells by gently pipetting each well. Centrifuge 
the microwell plates at 100 x g for 3 minutes. Place the plates in an incubator at 37°C 
with 5% CO2 and 95% humidity for 24 hours. 
  
4.3. Harvesting   EBs from the microwell plates 
 
4.3.1 Harvest EBs from microwells by pipetting medium in the well up and down with a 1 
ml micropipettor to remove most of the EBs.  Pass the EB suspension through an 
inverted 40 µm cell strainer on top of a 50 ml conical tube to remove single cells.  
 
4.3.2 Wash the microwell plate 5 times with 1 ml of DMEM/F12 to remove all the EBs. 
Collect washes and pass over the inverted cell strainer.  Turn the cell strainer right-side 
up to a new 50 ml conical tube. Collect the EBs by washing with EB formation medium.   
Count EBs to determine the yield. 
 
5. Plating EBs and initiating differentiation 
 
5.1 Plate the EBs on protein matrix coated six well plates (as in step 1.8.1) at a density 
of < 1000 EBs/well in EB formation medium plus 10µM Rock inhibitor. Incubate the EBs 
at 37°C with 5% CO2 and 95% humidity for 24 hours. 
 
5.2 24 hours after EB plating, replace with differentiation medium to initiate 
differentiation.   Change half of the differentiation medium every other day until the cells 
are collected for further analysis. 
 



5.3 Collect samples at day 6, 17, 29 and 60 to conduct RT-PCR, immunocytochemistry 
and FACS to validate expression of characteristic RPE genes and proteins. 
 
6. RNA Extraction and PCR  
 
6.1 Extract RNA from the EB samples according to instructions provided in the 
commercially available kit. Determine RNA concentration by using a spectrophotometer.  
 
6.2 Perform reverse transcription on 100 ng of total RNA according to commercially 
available RNA to cDNA reverse transcript kit.    
 
6.3. Perform PCR with 10 ng of cDNA using the following primers (Table 1) at a 

concentration of 10 moles/ 10 ng of cDNA. Set the PCR as follows:  denature DNA at 
95° C for 5 minutes, amplify with 35 cycles at 95° C for 15 sec, 60° C for 30 sec, 72° C 
for 1 minute, followed by a final cycle at 72° C for 10 minutes. Run the PCR product on 
a 1% Agarose gel. 
 
7. Immunocytochemistry 
 
7.1 Wash the EBs with PBS two times at room temperature. Fix the EBs at room 
temperature in 4% paraformaldehyde for 10 minutes. Rinse once with PBS at room 
temperature. Store samples in PBS at 4°C until used for staining.  
 
7.2 On staining day, treat the fixed cells with fixation and permeabilization reagents. 
Incubate the samples with blocking solution (10% goat serum in permeabilization 
solution) for 1 hour at room temperature.  
 
7.3 Perform immunochemistry in 10% goat serum in permeabilization solution  using the 
following primary antibodies at the indicated dilutions:anti-Pax6 (1:10), anti-RX (1:200), 
anti-MITF (1:30), and  anti-ZO1 (1:100). Incubate samples with corresponding 
antibodies overnight at 4ºC.  
 
7.4 Next day, remove the primary antibody from the cells and rinse the samples three 
times with PBS. Incubate samples with fluorophore-conjugated secondary antibodies for 
1 hour at room temperature. 
 
7.5 Remove the secondary antibody from the cells and rinse the samples three times in 
PBS. Mount the cover slips on glass slides with DAPI containing mounting medium and 
allow samples to set over night in a dark chamber.Use a fluorescence microscope to 
visualize the staining.    
 
8. Staining for FACS Analysis 
 
8.1 Wash the cultured EBs in PBS two times. Incubate the EBs with 0.5 ml of 0.25% 
trypsin for 5-10 minutes to make a single cell suspension. Neutralize the trypsin with 
trypsin neutralizing solution (1 ml/well). 



 
8.2 Transfer the single cell suspension to a 15 ml conical tube and centrifuge at 600 x g 
for 10 minutes. 
 
8.3 Discard the supernatant and add 10 ml of DMEM/F12 to the cells in the tube. Gently 
invert to mix the cells. Centrifuge at 600 xg. After centrifugation, discard the supernatant 
and resuspend the cells in FACS staining buffer. 
 
8.4 Count the total number of cells. Centrifuge at 600 x g for 10 minutes. After 
centrifugation discard supernatant. Fix the cells immediately by adding 0.5 ml of 4% 
paraformaldehyde. Mix well by gentle vortexing. Incubate the cells at 4°C for 20 
minutes. 
 
8.5 Centrifuge at 600 x g for 10 minutes and remove the supernatant. Vortex gently to 
disrupt the cell pellet. Permeabilize the cells by adding 1 mL of chilled 
permeabilizationsolution. Vortex gently to mix and incubate on ice for 30 minutes.  
 
8.6 Centrifuge at 600 x g for 10 minutes and remove the supernatant. Add 3 ml of FACS 
staining buffer and resuspend. Repeat this step for one more time. Resuspend the cells 
in FACS staining buffer at a final concentration of 5x106 cells/ml.  
  
8.7 Transfer 100 μL of the cell suspension (0.5 x 106cells) to each microfuge tubes and 

add the recommended volume of primary antibody. For Pax6, add 5 l of PE anti- Pax6 

in 100 l of cell suspension. For MITF, add 5 l of anti-MITF in 100 l of cell 
suspension. 
 
8.8 Mix and incubate at room temperature for 60 minutes. Add 3 ml of FACS staining 
buffer. Mix and centrifuge at 600 x g for 10 minutes. Remove the supernatant and 
repeat 8.16 for two additional times. 
 
8.9 For MITF staining, incubate the cells in secondary antibody, goat anti-mouse alexa 
fluor 488 at a dilution of 1:2000 for 1 hour at 4°C. For Pax6 staining, avoid this step. 
 
8.10 Wash the cells with 5 ml of FACS staining buffer and centrifuge at 600 xg for 10 
minutes. Repeat the process for two more times. 
 
8.11 Resuspend the cells in 500 μL of FACS staining buffer and vortex gently to disrupt 
the cell pellet. Samples are ready for flow cytometric analysis. 
 
9. iPS-RPE isolation and culture  
 
9.1 At day 29, carefully cut around the selected pigmented colonies from the culture 

plate using a 200 l pipette tip. Transfer the floating colonies to a 15 ml conical tube. 
Centrifuge the colonies at 600 x g for 10 minutes at room temperature and remove the 
supernatant.  
 



9.2 Resuspend the cell colonies in 10 ml of DMEM/F12 and centrifuge at 600 xg for 10 
minutes. Remove the supernatant. 
 
9.3 Prepare a single cell suspension by incubating the colonies with 2 ml of 0.25% 
trypsin at 37°C for 7-10 minutes. Gently vortex the cell suspension to dissociate the 
colonies. 
 
9.4 Neutralize the trypsin by adding 2 ml of iPS-RPE medium. Centrifuge at 600 xg for 
10 minutes and discard the supernatant. Resuspend the single cells in 2 ml of iPS-RPE 
medium. Transfer the cells into a protein matrix coated 6-well plate and place in an 
incubator at 37 °C, 5% CO2 and 95% humidity. 
 
REPRESENTATIVE RESULTS: 
In this experiment, iPS cells were cultured and differentiated into the RPE lineage from 
EBs. EBs of controlled  sizes were formed using microwell plates. As seen in Figure 1 
EB formation was homogenous in the microwell  plates. These EBs were then collected 
and plated  on 6-well plates (Figure 2).  
 
RPE can be identified by their classical hexagonal morphology, pigmentation, and 
expression of RPE markers.  After 12 weeks of culture, the 200 cell EBs had developed 
astrocyte and fibroblast morphology. No pigmentation was observed in these cells 
(Figure 3A). Larger EBs developed a monolayer of classical RPE morphology and 
pigmentation (B. and C.) Immunocytochemistry to detect RPE markers, MITF and ZO1 
revealed co-expression of these proteins that had been derived from 500 cell and 3000 
cell EBs (Figure 4).   
 
Expressions of eye field and RPE  genes were monitored by PCR. Figure 5 shows the 
gene expression profile of neuroectodermal, eye field precursors, and  RPE markers in 
different sizes of EBs. Importantly, the specific RPE marker, RPE65 was detected 
beginning at day 17.  
 
To quantify the yield of cells that had differentiated into RPE lineage, FACS analysis 
was performed to detect the neuroectodermal and RPE precursor markers, PAX6 and 
MITF respectively. Figure 6A shows neuroectodermal marker PAX6 in different sizes of  
EBs  at different  time points. Approximately 50% of the analyzed cells were positive for 
Pax6 on day 6 of culture in the 3000 cell EBs. Additionally, FACS analysis of RPE  
marker, MITF on varied EB sizes revealed that 20% of the cells expressed MITF by Day 
60 of differentiation.   
 
Cultured RPE are also characterized by their ability to lose their pigment and polygonal 
morphology and obtain a fibroblast phenotype upon passaging. Therefore, to determine 
if the iPS derived RPE  possess these characteristics, we mechanically isolated and 
passaged the  cells.  Figure 7A shows the newly passaged cells have lost pigment and 
gained fibroblast morphology. Additionally, these cells proliferated and regained the 
classical polygonal morphology upon confluence (Figure 7B). Within a few weeks, 
these cells regained their pigmentation (Figure 7C). 



FIGURE LEGENDS: 
Table 1: PCR primer sequences for Pax6, RPE65, RX, MITF and GAPDH genes. 
 
Figure 1: Formation of EBs with microwell plates. Each microwell contains A. 100 
cells, B. 200 Cells, C. 500 Cells, and D. 3,000 Cells. Cells were incubated 24 hours at 

37º C and 5% CO2 for the formation of EBs. (Magnification 100x, scale bar = 400 m) 
 
Figure 2: EBs harvested from microwell plates.  A. 200 cell EB, B. 500 cell EB, C. 

3,000 cell EB, and D. 15,000 cell EB. (Magnification 200x, scale bar = 200 m) 
 
Figure 3: iPS-derived RPE from different sizes of EBs. EBs were cultured for 12 
weeks. A. 200 cell EBs had only developed astrocyte and fibroblast morphology without 
pigmentation; while 80 – 90 % of the cells in the 500 cell EBs (B. and C.) developed a 
monolayer of polygonal pigmented cells. (A. & B. Magnification 100x, scale bar = 400 

m C. Magnification 200x, scale bar = 200 m) 
 
Figure 4: Co-expression of MITF and ZO1. 500 and 3000 cell EBs expressed MITF 

and ZO1 after 17days of differentiation. (Magnification 400x, scale bar = 20 m) 
 
Figure 5: Gene expression profile of different sizes of EBs at different time points of 
differentiation. 
 
Figure 6: FACS analysis of varied EB size for RPE differentiation.  A. FACS data of 
neuroectodermal marker PAX6 in different sizes of EBs during differentiation. B. FACS 
analysis of RPE marker MiTF on varied EB sizes at day 60 of differentiation. The 
highest level of MITF reached 20% and was constant between EB size of 500, 3000, 
and 15000 cells.   
 
Figure 7: Continued culture of manually isolated RPE. A. RPE was subcultured and 
acquired fibroblast morphology after passage. B. & C.  Cells developed polygonal 

morphology and pigmentation over time. (Magnification 100x, scale bar = 400 m) 
 
DISCUSSION:  
To realize the full promise of pluripotent stem cells for cell therapy, it is necessary to 
regulate their differenitaion in a consistent and reproducible way. This report describes  
protocols to form size-controlled EBs using microwell plate technology, initiate 
differentiation toward RPE and identify protein and gene markers of RPE. To 
synchronize the in vitr  o differentiation, homogenous sizes of EBs were formed by 
known numbers of iPS cells centrifuged in microwell plates by forced aggregation.   
Immunocytochemistry and reverse-transcription polymerase chain reaction (RT-PCR) 
are used to monitor the expressions RPE proteins and genes of explained. Finally, the 
efficiency of differentiation in different sizes of EBs was analyzed by FACS analysis. 
These techniques can facilitate the differentiation of iPS cells into RPE for future 
applications. 
  



There are several crucial points in this method that must be carefully executed to 
ensure the success of this protocol and attainment of accurate data. The first key step 
occurs during the iPS cell culture. iPS cells must be maintained in a pluripotent state to 
maintain their stemness. The cells must have the medium changed daily in order to 
maintain appropriate levels of bFGF and  be carefully inspected daily for signs of 
differentiation. Undifferentiated iPS cells grow as compact multicellular colonies. The 
cells should have a high nuclear to cytoplasm ratio and prominent nucleoli. The iPS 
colonies are characterized by a distinct border, with several layers of cells at the center. 
Signs of differentiation include loss of defined colony borders, non-uniform cell 
morphology, and the appearance of obvious cell types, such as neurons and fibroblasts. 
Single cells that have differentiated can be removed by dispase and rinsing, however, 
colonies with these characteristics must be manually removed from the culture22. 
Preparation of a single iPS cell suspension for forming the EBs is the next critical step. 
It is important to prepare a suspension without cell aggregates in order to accurately 
deliver the desired number of cells to the microwell plate and prepare the desired size 
EB. RNA preparations for PCR analysis are also important. Inconsistent RNA quality is 
a significant source of variability in PCR data. RNA extraction should yield minimally 
degraded RNA for best results. Successful RNA extraction will yield total RNA with 
minimal degradation and free of any contaminating RNases. After determination of the 
RNA concentration by spectrophotometry at 260 nm, the purity of the sample should be 
determined at 230 and 280 nm to detect contamination with polysaccharides or protein. 
The 230:260:280 ratio for RNA should be 1:2:1 to indicate high quality RNA with no 
contamination23     . Finally, it is important to adequately fix the cells for FACS staining. 
During this fixation step, the cells must be separated to prevent clumping. Insufficient 
cell resuspension prior to permeabilization will lead to cell clumping and inaccurate 
staining.    
 
We recommend that the protocol be followed as described, however a few modifications 
can be made if necessary.     During the generation of EBs described in Step 4, the 
number of cells per EB can range between 500 to 3000 to achieve a high yield of cells 
differentiated into RPE. If the number of iPS cells is limited, 500 cell EBs will produce 
RPE comparable to the 3000 cell  EBs. Extra care must be taken during the RNA 
extraction process described in Step 6. Samples should be run in triplicate to ensure 
that high quality RNA can be acquired. During immunocytochemistry as described in 
Step 7, the primary and secondary antibody concentrations can be adjusted as 
necessary to improve signal intensity and reduce background. The appropriate positive 
and negative controls should be included in the assay.  During Step 8, FACS analysis, if 
the expected results are not acquired after staining, a small sample of the stained cells 
can be placed on a slide and viewed with a microscope to visualize staining. The 
appropriate positive and negative controls should be included in the assay. If the cells 
are not stained as expected, the antibody concentrations can be increased or 
decreased as needed.  
 
The technique described in this report will result in a higher yield of RPE than 
spontaneous differentiation, without the use of added chemicals. However, the main 
limitation of this approach is that there will also be a large number of non-RPE cells 



generated. Therefore, the RPE must be carefully selected out and enriched as 
described in Step 9 to ensure a homogenous population.  
      
The significance of this approach is that a higher yield of RPE can be derived from iPS 
cells than spontaneous differentiation techniques. The use of small molecules to derive 
RPE from iPS has also been reported to give a high yield of differentiated cells, 
however, that technique is much more complex and requires the timing and 
concentrations of the small molecules to be optimized to achieve the desired results 7,10. 
In addition, the small molecules used in those methods have pleiotropic effects which 
can confound the results.  
 
The described method can be used to make EBs of desired sizes with high 
reproducibility. This technique generated EBs of uniform sizes which were used to 
optimize the differentiation of iPS cells towards the RPE lineage without the use of 
additional chemicals. The iPS-RPE cells derived from EBs can then be further used in 
transplantation studies to confirm their integration into the retina in a functional 
organization. These cells can also provide a good research model to study the 
pathogenesis of various RPE diseases in vitro. The utility of this approach can be 
applied to the directed differentiation into many other cell types, depending upon the 
size of the EBs and the in vivo origin of the cell in the blastocyst. Cells of the ectoderm 
will give rise to neurons, epidermis, hair and mammary gland cells; endoderm will give 
rise to stomach, colon, lungs, and intestinal cells; mesoderm will give rise to skeletal 
muscle, heart, kidney, and connective tissue cells 3,11,19. Once the correct EB size has 
been determined, the differentiated cells need only to be analyzed by 
immunocytochemistry or FACS for the correct expression of marker proteins.  .  
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Figure 2. 
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Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C B A 

400 m 400 m 200 m 



Figure 4. 
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Figure 5. 
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Figure 6. 
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Table 1: PCR primer sequences for RPE genes

Gene NICB reference Sequence (5`-3`)

Pax 6 NM_001258465.1 F CGGAGTGAATCAGCTCGGTG

R CCGCTTATACTGGGCTATTTTGC

RPE65 NM_000329.2 F GCCCTCCTGCACAAGTTTGACTTT  

R AGTTGGTCTCTGTGCAAGCGTAGT  

RX NM_013435.2 F GAATCTCGAAATCTCAGCCC

R CTTCACTAARRRGCTCAGGAC

MITF NM_198178.2 F TTCACGAGCGTCCTGTATGCAGAT

R TTGCAAAGCAGGATCCATCAAGCC

GAPDH NM_001256799.1 F ACCACAGTCCATGCCATCAC

R TCCACCACCCTGTTGCTGTA

452

size (BP)

300

259

279

106

Table
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Name of Material/ Equipment Company Catalog Number

mTeSR1 media + 5X supplement Stem Cell Technologies 5850
Y-27632 (Rock Inhibitor) Stem Cell Technologies 72304

DMEM/F12 Life Technologies 11330-032

2-Mercaptoethanol Sigma M-7154

Non essential amino acids Hyclone(Fisher) SH30853.01

Knockout serum replacement Life Technologies 10828-028

Gentamicin Life Technologies 15750-060

L-Glutamine Life Technologies 25030-081

MEM media Life Technologies 10370-021

N1 supplement Sigma N-6530-5ML

Taurine Sigma T-8691-25G

Hydrocortisone Sigma H0888-1G

Fetal bovine serum Hyclone(Fisher) SH3008803HI

Triiodo-l-thyronine sodium  salt Sigma T6397

Sodium hydroxide Sigma S5881

Dispase Life Technologies 17105-041

Matrigel BD Biosciences 354277

Phosphate buffered saline Hyclone(Fisher) 10010-023

Aggrewell 400 plate Stem Cell Technologies 27940

AggreWell medium Stem Cell Technologies 5893

Accutase Stem Cell Technologies 7920

BD Cytofix/Cytoperm 

Fixation/Permeabilization Kit BD Biosciences 554714

Mouse Anti-PAX6 antibody Developmental Studies Hybridoma Bank

Rabbit Anti- RX antibody Abcam Ab23340

Mouse  Anti-MITF antibody Thermo Scientific MS-772-P

Rabbit Anti-ZO-1 antibody Invitrogen 40-2200

RNeasy plus mini kit Qiagen 74134

PCR master mix promega M7502

High capacity RNA to c DNA kit Life Technologies 4387406

Excel Spreadsheet- Table of Materials/Equipment
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