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Abstract
With cell therapies advancing towards the patients’ bedside, there is an increased need for robust and up-
scalable protocols to generate clinical grade stem cell-derived products.

The protocol we present in the study provides a xeno-free, chemically de�ned, scalable and robust retinal
pigment epithelial cell monolayer differentiation without the need for manual isolation that uses either
human embryonic stem cells or human induced pluripotent stem cells as a starting material. 

Introduction
Age-related macular degeneration (AMD) is the major cause of severe vision loss in people over 60 years
of age especially among individuals with Caucasian ethnicities, with 500.000 new cases each year in the
Western countries 1. Up to date, AMD is estimated to affect 170 million worldwide, a number predicted to
increase to 196 million in the coming �ve years and up to 288 million in 20402, implying substantial
social and �nancial consequences. AMD comes in two forms: neovascular or “wet” AMD, characterized
by the abnormal growth of choroidal vessels through the Bruch’s membrane causing subretinal edema
and hemorrhage, and “dry” AMD, which in advanced stages is characterized by well demarcated areas of
RPE loss and outer retinal degeneration, also known as geographic atrophy (GA)3,4. The “dry” form
accommodates 80-90% of the AMD patients and although neovascular AMD is currently treated with anti-
vascular endothelial growth factor (VEGF) injections, there is no treatment available for “dry” AMD
patients. Therefore, subretinal transplantation of RPE cells derived from human pluripotent stem cells
(hPSC) emerges as a potential replacement therapy in GA. Although there are several protocols describing
the derivation of RPE from a hPSC source, they still rely on the manual selection of pigmented patches of
cells to reach higher purity5–10. Such manual selection makes large scale production of hPSC-RPE cells
cumbersome and carries a potential risk of tumorigenicity if residual undifferentiated cells remain
undetected in the �nal product. We have established an e�cient xeno-free and de�ned monolayer
differentiation methodology where culture on supportive human recombinant laminin eliminates the need
for manual selection, allowing large-scale production of pure hPSC-RPE.

Reagents
-       hPSC (hESC or hiPSC)

-       Biolaminin 111 LN (BioLamina, cat. no. LN521-02)

-       Biolaminin 521 LN (BioLamina, cat. no. LN111-02)

-       Dulbecco’s phosphate-buffered saline (DPBS) (GIBCO, ThermoFisher, cat. no. 14040091)
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-       Dulbecco’s phosphate-buffered saline (DPBS) without Ca2+ and Mg2+ (GIBCO, ThermoFisher, cat. no.
14190144)

-       TrypLE Select Enzyme (GIBCO, ThermoFisher, cat. no. 12563011)

-       NutriStem hPSC XF medium (Biological Industries, cat. no. 05-100-1A)

-       Rho-kinase inhibitor (Y-27632) (Millipore, cat. no. SCM075)

-       NutriStem hPSC XF medium (growth factor-free) (Biological Industries, cat. no. 06-5100-01-1A)

-       Recombinant Activin A (R&D Systems, cat. no. 338-AC-010)

-       Hydrochloric acid 0.1 mol/l (Millipore, cat. no. 109060)

-       Ultrapure DNase/RNase-free distilled water (Invitrogen, ThermoFisher, cat. no. 11538646)

Reagent setup

-       Hydrochloric acid dilution (1:25):

o  Mix 400 μl of hydrochloric acid 0.1 mol/l with 9.6 ml of ultrapure DNase/RNase-free distilled water to
obtain a concentration of 4 mM

-       Recombinant Activin A reconstitution:

o  Add 10 ml of HCl 4 mM to 1 mg of recombinant Activin A to obtain a concentration of 100 μg/ml

o  Invert the vial to completely reconstitute the powder

o  Aliquot the Activin A solution in convenient amounts to avoid long periods at 4°C (stable for 1 month
after reconstitution)

o  Freeze the aliquots at -20°C (stable for 3 months after reconstitution)

o  Avoid repeated thaw/freeze cycles

-       Rho-kinase inhibitor reconstitution

o  Add 2958 μl of ultrapure DNase/RNase-free distilled water to 5 mg of Rho-kinase inhibitor to obtain a
concentration of 5 mM

o  Invert the vial to completely reconstitute the powder

o  Aliquot the Rho-kinase inhibitor solution in convenient amounts to avoid long periods at 4°C
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o  Freeze the aliquots at -20°C (stable for 1 year after reconstitution, protected from light)

o  Avoid repeated thaw/freeze cycles

Equipment
-       Standard TC 24-well cell culture plates (Sarstedt, cat. no. 83.3922)

-       Falcon 15 ml conical centrifuge tubes (Fischer Scienti�c, cat. no. 10773501)

-       Centrifuge Universal 32 (Hettich)

-       Cell strainer ø 40 μm (BD Bioscience, Sigma-Aldrich, cat. no. CLS431750-50EA) 

Procedure
Plates preparation

1.    Thaw 1 vial of Biolaminin (111 or 521) at 4°C

2.    Prepare the Biolaminin solution (1:5) in DPBS to obtain 20 μg/ml and add 350 μl of the solution per
well. Incubate the plate with Biolaminin for 24 h at 4°C

3.    Remove the Biolaminin solution from the wells and wash with 1 ml of DPBS

4.    Add 1 ml of NutriStem hPSC XF medium with Rho-kinase inhibitor at a concentration of 10 μM per
well and place the plate at 37°C 5% O2/5% CO2 until the cells are ready to be seeded

hPSC-RPE differentiation: phase I

5.    Warm the following reagents at 37°C 5% O2/5% CO2:

a.    DPBS without Ca2+ and Mg2+

b.    TrypLE Select Enzyme

c.    NutriStem hPSC XF medium

d.    NutriStem hPSC XF medium with Rho-kinase inhibitor
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6.    Remove the media from a con�uent well of hPSC and carefully wash the cells with 1 ml of DPBS
without Ca2+ and Mg2+

7.    Add 350 μl of TrypLE Select Enzyme per well and incubate the plate at 37°C 5% O2/5% CO2 for 4 min

8.    Carefully remove the TrypLE Select Enzyme solution and add 500 μl of NutriStem hPSC XF medium
directly to the center of the well to detach the cells.

9.    Gently resuspend the cells with the medium and transfer them to a 15 ml tube

10. Repeat the process with another 500 μl of medium to collect all the remaining cells in the well

11. Measure cell concentration

12. Take the required amount of cell suspension to obtain the number of cells needed to seed 2.4x104

cells/cm2  in a total volume of 1 ml of NutriStem hPSC XF medium with Rho-kinase inhibitor per well in
the previously prepared plate and place it at 37°C 5% O2/5% CO2 for 24 h

13. Replace the medium with 1 ml of NutriStem hPSC XF medium (growth factor-free) per well and
change the incubation conditions to 37°C 21% O2/5% CO2 (pre-warm the medium for 1 h at 37°C 21%
O2/5% CO2)

14. Feed the cells three times a week with 1.4 ml per well of NutriStem hPSC XF medium (growth factor-
free) (pre-warm the medium for 1 h at 37°C 21% O2/5% CO2)

15. From day 6 to day 30 after seeding the cells, add recombinant Activin A to the medium to obtain a
concentration of 100 ng/ml

hPSC-RPE differentiation: phase II

16. At day 30, re-plate the cells into a new plate previously coated with Biolaminin 521 (refer to “Plates
preparation” section) and NutriStem hPSC XF medium (growth factor-free), without Rho-kinase inhibitor
or recombinant Activin A, according to the following steps.

17. Remove the media from the well and carefully wash the cells with 1 ml of DPBS without Ca2+ and
Mg2+

18. Add 350 μl of TrypLE Select Enzyme per well and incubate the plate at 37°C 21% O2/5% CO2 for 12
min

19. Carefully remove the TrypLE Select Enzyme solution and add 500 μl of NutriStem hPSC XF medium
(growth factor-free) directly to the center of the well to detach the cells.
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20. Thoroughly resuspend the cells with the medium and transfer them to a 15 ml tube through a 40 μm
cell strainer

21. Repeat the process with another 500 μl of medium to collect all the remaining cells in the well

22. Measure cell concentration

23. Take the required amount of cell suspension to obtain the number of cells needed to seed 7x104

cells/cm2 (1 to 20 dilution) in a total volume of 1 ml of NutriStem hPSC XF medium (growth factor-free)
per well in the previously prepared plate and place it at 37°C 21% O2/5% CO2 .

24. Feed the cells three times a week with 1.4 ml per well of NutriStem hPSC XF medium (growth factor-
free) for the following 30 days (pre-warm the medium for 1 h at 37°C 21% O2/5% CO2)

Troubleshooting
Step 15: if the cells have not grown con�uent by day 6, keep them one extra day in NutriStem hPSC XF
medium (growth factor-free) without Activin A.

Step 22: if the cells do not detach from the well easily, scrape the well with the micropipette tip. 

Time Taken
Day -2: plates preparation (0.5 h)

Day -1: cell seeding on Biolaminin (111 or 521) coated plates with NutriStem hPSC XF medium and Rho-
kinase inhibitor, at 37°C 5% O2/5% CO2 (2 h)

Day 0: replacement of medium and incubation conditions to NutriStem hPSC XF medium (growth factor-
free) and 37°C 21% O2/5% CO2 (0.5h)

Day 2 to 5 (3 days a week): cell feeding with NutriStem hPSC XF medium (growth factor-free) (0.5h)

Day 6 to 29 (3 days a week): cell feeding with NutriStem hPSC XF medium (growth factor-free) with
Activin A (0.5h)

Day 30: cell re-plating to a new Biolaminin (521) coated plate with NutriStem hPSC XF medium (growth
factor-free), without Activin A (2 h)
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Day 32 to 60 (3 days a week): cell feeding with NutriStem hPSC XF medium (growth factor-free) without
Activin A (0.5h)

Anticipated Results
The described protocol is able to generate a highly pure population of hPSC- derived RPE cells.

Flow cytometry analysis reports > 85% CD140b+ cells.

Transcriptional analysis shows robust induction of RPE-related markers such as MITF, PMEL, BEST1,
RPE65 and down-regulation of pluripotent transcripts such as NANOG and POU5F1.

Immuno�uorescence staining shows extensive presence of RPE-related markers such as BEST1, MITF co-
stained withCD140b.

Functional in vitro tests show monolayer integrity measured by transepithelial resistance (TEER),
polarized secretion of pigment epithelium-derived factor (PEDF) measured by ELISA and phagocytosis of
photoreceptor outer segments (POS).

Single cell analysis reveals that hPSC-RPE cells at day 60 do not express pluripotency transcripts such as
POU5F1, NANOG, LIN28A or SALL4, but instead they most robustly express RPE-speci�c transcripts (MITF,
CRALBP, PMEL, TYR, RPE65, BEST1). 
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Figure 1

Figure 1. Differentiation protocol scheme.

Figure 2

Figure 2. Bright �eld picture of hPSC-RPE at day 0 on hrLN521 (left) or hrLN111 (right). Scale bars =
100μm

Figure 3

Figure 3. Bright �eld picture of hPSC-RPE at day 30 on hrLN521 (left) or hrLN111 (right). Scale bars = 100
μm

Figure 4

Figure 4. Bright �eld and immuno�uorescence images showing BEST-1 and CD140b expression in hPSC-
RPE cells at day 60 differentiations that were initially induced on hrLN521. Scale bars = 50μm

Figure 5
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Figure 5. Images showing phagocytosis of FITC-labeled photoreceptor outer segments (POS) by hPSC-
RPE induced on either hrLN521 or hrLN111, after overnight incubation at 4°C (negative control) and 37°C.
Pictures are a composite of maximum intensity projection (MIP) images depicting internalized FITC-
labeled POS in green and phalloidin staining of hPSC-RPE in red and Z- stack confocal projections of the
area delimited by arrows in the MIP. Scale bars = 50μm


