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28  This protocol introduces a simple two-step method for differentiating corneal limbal epithelial
29  stem cells from human pluripotent stem cells under xeno- and feeder cell-free culture conditions.
30 The cell culture methods presented here enable cost-efficient, large-scale production of clinical
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32
33  ABSTRACT:
34  Corneal limbal epithelial stem cells (LESCs) are responsible for continuously renewing the corneal
35 epithelium, and thus maintaining corneal homeostasis and visual clarity. Human pluripotent stem
36 cell (hPSC)-derived LESCs provide a promising cell source for corneal cell replacement therapy.
37 Undefined, xenogeneic culture and differentiation conditions cause variation in research results
38 and impede the clinical translation of hPSC-derived therapeutics. This protocol provides a
39 reproducible and efficient method for hPSC-LESC differentiation under xeno- and feeder cell-free
40  conditions. Firstly, monolayer culture of undifferentiated hPSC on recombinant laminin-521 (LN-
41  521) and defined hPSC medium serves as a foundation for robust production of high-quality
42  starting material for differentiations. Secondly, a rapid and simple hPSC-LESC differentiation
43  method vyields LESC populations in only 24 days. This method includes a four-day surface
44  ectodermal induction in suspension with small molecules, followed by adherent culture phase on
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LN-521/collagen IV combination matrix in defined corneal epithelial differentiation medium.
Cryostoring and extended differentiation further purifies the cell population and enables banking
of the cells in large quantities for cell therapy products. The resulting high-quality hPSC-LESCs
provide a potential novel treatment strategy for corneal surface reconstruction to treat limbal
stem cell deficiency (LSCD).

INTRODUCTION:

The transparent cornea at the ocular surface allows light to enter the retina and provides the
majority of the eye’s refractive power. The outermost layer, the stratified corneal epithelium, is
continuously regenerated by limbal epithelial stem cells (LESCs). The LESCs reside in the basal
layer of the limbal niches at the corneoscleral junction®2. LESCs lack specific and unique markers,
so their identification requires a more extensive analysis of a set of putative markers. Epithelial
transcription factor p63, and especially N-terminally truncated transcript of the alpha isoform of
p63 (ANp63a), has been proposed as a relevant positive LESC marker®*. Asymmetric division of
LESCs allows them to self-renew, but also produce progeny that migrate centripetally and
anteriorly. As the cells progress toward the corneal surface they gradually lose their stemness
and finally terminally differentiate to superficial squamous cells that are continuously lost from
the corneal surface.

Damage to any of the corneal layers can lead to severe visual impairment, and corneal defects
are thus one of the leading causes of vision loss worldwide. In limbal stem cell deficiency (LSCD),
the limbus is destroyed by disease or trauma which leads to conjunctivalization and opacification
of the corneal surface and subsequent loss of vision*®. Cell replacement therapy using autologous
or allogeneic limbal grafts offers a treatment strategy for patients with LSCD*’. However,
harvesting autologous grafts bears a risk of complications to the healthy eye, and donor tissue is
in short supply. Human pluripotent stem cells (hPSCs), specifically human embryonic stem cells
(hESCs) and human induced pluripotent stem cells (hiPSCs), can serve as an unlimited source of
clinically relevant cell types, including corneal epithelial cells. Therefore, hPSC-derived LESCs
(hPSC-LESCs) represent an attractive new cell source for ocular cell replacement therapy.

Traditionally, both the undifferentiated hPSC culture methods and their differentiation protocols
to LESCs have relied on the use of undefined feeder cells, animal sera, conditioned media, or
amniotic membranes'®?, Recently, efforts toward safer cell therapy products have prompted
the search for more standardized and xeno-free culture and differentiation protocols. As a result,
several defined and xeno-free methods for long-term culture of undifferentiated hPSCs are now
commercially available!®'8, As a continuum, directed differentiation protocols relying on
molecular cues to guide hPSCs to corneal epithelial fate have been recently introduced?®?3. Yet
many of these protocols used either undefined, feeder based hPSCs as starting material, or
complex, xenogeneic growth factor cocktails for differentiation.

The purpose of this protocol is to provide a robust, optimized, xeno-and feeder-free hPSC culture
method and subsequent differentiation to corneal LESCs. Monolayer culture of pluripotent hPSCs
on laminin-521 (LN-521) matrix in defined, albumin-free hPSC medium (specifically Essential 8
Flex) allows rapid production of homogeneous starting material for differentiations. Thereafter
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a simple, two-step differentiation strategy guides hPSCs toward surface ectodermal fate in
suspension, followed by adherent differentiation to LESCs. A cell population where > 65% express
ANp63a is obtained within 24 days. The xeno- and feeder-free protocol has been tested with
several hPSC lines (both hESCs and hiPSCs), without any requirement for cell line specific
optimization. The protocols for weekend-free maintenance, passaging, cryostoring and hPSC-
LESC phenotyping described here enable production of large batches of high-quality LESCs for
clinical or research purposes.

PROTOCOLS:

University of Tampere has the approval of the National Authority for Medicolegal affairs Finland
(Dnro 1426/32/300/05) to conduct research on human embryos. The institute also has
supportive statements of the Ethical Committee of the Pirkanmaa Hospital District to derive,
culture, and differentiate hESC lines (Skottman/R05116) and to use hiPSC lines in ophthalmic
research (Skottman/R14023). No new cell lines were derived for this study.

Note: The protocol described is based on specific, commercially available hPSC and corneal
epithelium differentiation media. Please refer to the Table of Materials for
manufacturer/supplier information and catalog numbers.

1. Establishing Xeno- and Feeder-free hPSC Culture
1.1. Preparations

1.1.1. Coat 24-well plates with human recombinant laminin-521 (LN-521). For the first feeder-
free (FF) passage, use LN-521 at a concentration of 1.09 pg/cm?, and at 0.55 pg/cm? for the
following passages. The suggested LN-521 concentrations serve as a starting point for successful
FF culture but can be lowered.

1.1.1.1. Thaw LN-521 vial slowly at 4 °C as instructed by the manufacturer.

Note: Appropriately handled LN-521 solution may be stored at 4 °C for up to 3 months after
thawing.

1.1.1.2. To prepare the coating solution, dilute appropriate amount of LN-521 stock solution with
1x Dulbecco’s Phosphate-Buffered Saline (DPBS) containing Ca%* and Mg?* to a total volume of
300 pL per well.

1.1.1.3. Pipet the coating solution to the wells, seal the well plate with parafilm, and incubate
overnight at 4 °C. Coated plates may be stored at 4 °C for up to 2 weeks. Alternatively, for a rapid
coating protocol, incubate well plates with coating solution for 2 h at 37 °C, 5% CO..

1.1.2. Prepare hPSC culture medium (specifically Essential 8 Flex) by supplementing basal
medium with provided supplement, as instructed by the manufacturer. Add 50 U/mL penicillin-
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streptomycin. Note that the formulation is sensitive to light and high temperatures. Thaw the
supplement and warm the media at room temperature (RT), protected from light. Use the
supplemented hPSC medium within two weeks from the supplementation date.

1.2. Transferring the hPSC to FF culture on LN-521
1.2.1. Pre-warm all the needed materials and reagents to RT in the laminar flow hood.

1.2.2. Passage hPSCs from standard culture system on feeder layers (e.g. inactivated human
foreskin (hFF) or mouse embryonic fibroblasts), or other FF culture systems using standard
methodology. For example, hPSC colonies cultured on hFF feeder cells can be dissected to small
pieces with a scalpel and the pieces then detached with a needle tip. Human PSCs cultured using
FF culture systems can be transferred using cluster passaging method with or without prior
enzyme treatment.

1.2.3. Remove the LN-521 coating solution from the 24-wells and add 1 mL pre-warmed hPSC
medium per well.

Note: Do not allow the wells to dry as LN-521 will inactivate upon drying.

1.2.4. Transfer the colony pieces/cell clusters to LN-521 coated 24-wells in hPSC medium with a
pipette. Transfer 20-30 colony pieces per well, avoiding overcrowding the wells.

1.2.5. Replace the medium with 1 mL of hPSC medium the day after transfer and every other day
thereafter. The cultures are ready for passaging 3-4 days later as hPSCs have grown out to
colonies with smooth, undifferentiated morphology. For reference, see Figure 1B (first image).
For the first FF passage, the colonies should not be allowed to grow to a fully confluent
monolayer, but the cultures should be passaged when colonies reach an approximate size of 1
mm.

1.3. Passaging and maintenance of FF hPSC culture

1.3.1. Pre-warm all the needed materials and reagents to RT in the laminar flow hood.

1.3.2. From the second FF passage onwards, passage the FF hPSCs when the culture has reached
80-100% confluency. Passage FF hPSCs to new LN-521 coated 24-well plates using single cell
passaging twice a week (on Mondays and Thursdays) to maintain high quality cultures with
undifferentiated morphology and to achieve weekend-free feeding regimen. For details, please
refer to182425,

1.3.2.1. Rinse the FF hPSCs twice with 1 mL of 1x DPBS without Ca?* and Mg?*.

1.3.2.2. Detach FF hPSCs with xeno-free trypsin-EDTA (specifically TrypLE Select Enzyme) by
incubating 500 pL per well at 37 °C, 5% CO.. For optimal incubation time, allow the cells to round
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up but not to detach. This usually takes 3 min at 37 °C, 5% CO; (do not exceed 5 min).

1.3.2.3. Remove xeno-free trypsin-EDTA and immediately add 500 pL per well of defined trypsin
inhibitor.

1.3.2.4. Detach FF hPSCs by careful, yet thorough pipetting to obtain a single cell suspension.
Transfer the FF hPSC suspension through a 40 um cell strainer into a 15 mL conical centrifuge
tube containing pre-warmed hPSC medium.

1.3.2.5. Wash the wells with 1 mL of hPSC medium and add washing medium to the 15 mL conical
centrifuge tube.

1.3.2.6. Centrifuge the single cell suspension for 5 min at 300 x g, aspirate the cell pellet, and
resuspend in 1 mL pre-warmed hPSC medium.

1.3.2.7. Count the cells with hemocytometer or automated cell counter.

1.3.2.8. Remove the LN-521 coating solution (0.55 pug/cm?) from the 24-wells and add hPSC
medium asin 1.2.3.

1.3.2.9. Plate FF hPSCs onto 0.55 pg/cm? LN-521 coated 24-wells at a cell density of 40,000 —
50,000 cells/cm?.

1.3.2.10. Replace medium with fresh hPSC medium the day after passaging, and every other day
thereafter excluding Sundays.

1.3.3. The cells are ready to be used for differentiation 3-4 days after passaging, when the culture
has reached >85% confluency. For ensuring the high quality of the hPSCs, refer to
characterization methods described in detail in previous works!®?42>_ |t is recommended to only
culture hPSCs up to passage level 15 in the FF system using single cell passaging to avoid
karyotypic changes. Only use high-quality, undifferentiated hPSCs as starting material for
differentiations.

2. Directed Differentiation and Cryopreservation of hPSC-derived LESCs

2.1. Preparations

2.1.1. Prepare xeno-free basal induction medium (basal induction medium): Supplement
Dulbecco’s modified Eagle’s medium (specifically KnockOut DMEM) with 15% xeno-free serum
replacement (spesifically CTS KnockOut SR XenoFree), 2 mM L-glutamine, 0.1 mM 2-
mercaptoethanol, 1% non-essential amino acids, and 50 U/mL penicillin-streptomycin. Use the

basal induction medium within two weeks.

2.1.2. Prepare media for corneal induction in suspension culture.
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2.1.2.1. Day 1: Supplement basal induction medium with 5 uM blebbistatin.

2.1.2.2. Day 2: Supplement basal induction medium with 10 uM SB-505124 and 50 ng/mL human
basic fibroblast growth factor (bFGF).

2.1.2.3. Day 3-4: Supplement basal induction medium with 25 ng/mL bone morphogenetic
protein 4 (BMP-4).

2.1.3. Prepare corneal epithelium differentiation medium (differentiation medium, specifically
CnT-30) for adherent culture: Add supplements to basal medium according to the manufacturer’s

instructions and add 50 U/mL penicillin-streptomycin.

Note: Differentiation medium formulation is sensitive to light. Use the supplemented
differentiation medium within 6 weeks of the supplementation date.

2.1.4. Coat 100 mm tissue culture dishes for adherent differentiation (see step 2.3) with a
mixture of 5 pg/cm? human placental collagen type IV (col IV) and 0.5 pg/cm? LN-521 diluted in
1x DPBS containing Ca?* and Mg?*, in a total coating volume of 5 mL per dish. Prepare and store
the coatings with col IV and LN-521 as described in 1.1.1.3.

2.2. Step I: Corneal induction in suspension culture

2.2.1. Pre-warm all the needed materials and reagents to RT in the laminar flow hood.

2.2.2. Detach FF hPSCs to single cell suspension with xeno-free trypsin-EDTA as instructed in
steps 1.3.2.1-1.3.2.6. Count the cells, and distribute 2-3x10° cells per low attachment 6-well plate
well, in total volume of 3 mL of basal induction medium supplemented with 5 uM blebbistatin to

induce EB formation overnight at 37 °C, 5% CO; (Day 1).

2.2.3. On the following day (Day 2), remove the medium and replace with 3 mL of basal induction
medium supplemented with 10 uM SB-505124 and 50 ng/mL bFGF.

2.2.4. On the following two days (Days 3-4), remove the medium and replace with 3 mL of basal
induction medium supplemented with 25 ng/mL BMP-4.

2.3. Step lI: Corneal differentiation in adherent culture
2.3.1. Pre-warm all the needed materials and reagents to RT in the laminar flow hood.

2.3.2. On day 5, plate the EBs down onto 100 mm tissue culture dishes coated with 5 pg/cm? col
IV and 0.5 pg/cm? LN-521.

2.3.2.1. Remove the coating solution from 100 mm tissue culture dishes and add 10 mL of pre-
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warmed differentiation medium per dish.
Note: Do not allow the dishes to dry as LN-521 will inactivate upon drying.

2.3.2.2. Transfer the EBs from one 6-well plate well to two to three 100 mm tissue culture dishes
(approximately 50 EBs per cm?) by pipetting. Distribute the EBs evenly by gentle shaking.

2.3.3. Maintain the cells in adherent culture at 37 °C, 5% CO,, replacing the medium with 10 mL
of fresh differentiation medium three times per week (on Monday, Wednesday and Friday) for
the next 2.5 - 3 weeks. Check the cells regularly for the emergence of correct epithelial
morphology using phase contrast microscope.

2.4. Step lll: Cryo-banking hPSC-derived LESCs

2.4.1. Pre-warm all the needed materials and reagents to RT in the laminar flow hood, except for
the cryopreservation medium that should be pre-chilled.

2.4.2. Detach hPSC-derived LESCs with xeno-free trypsin-EDTA and count the cells, as instructed
for FF hPSCs in steps 1.3.2.1-1.3.2.6, but using differentiation medium.

Note: For hPSC-derived LESCs, optimal incubation time with xeno-free trypsin-EDTA is longer
(about 5 min). Use 3 mL of xeno-free trypsin-EDTA and defined trypsin inhibitor per 100 mm dish.

2.4.3. After counting the cells, repeat centrifugation for 5 min at 300 x g, aspirate medium and
resuspend the cell pellet in pre-chilled, xeno-free hPSC cryopreservation medium. Pipet the single
cell suspension into cryotubes so that each cryotube contains 0.5-1 x 10°® cells in 1 mL

cryopreservation medium.

2.4.4. Place the tubes in a freezing container and transfer immediately (within 5 min) to -80 °C
overnight.

2.4.5. On the following day, transfer the tubes to liquid nitrogen for long-term storage.

2.5. Step IV: Thawing the cryopreserved hPSC-LESCs

2.5.1. Prior to thawing, coat the dishes/well plates with 5 pg/cm? col IV and 0.5 pg/cm? LN-521.
2.5.2. Pre-warm all the needed materials and reagents to RT in the laminar flow hood.

2.5.3. Remove the coating solution from dishes/wells and add appropriate volume of pre-
warmed differentiation medium.

Note: Do not allow the dishes to dry as LN-521 will inactivate upon drying.
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2.5.4. Thaw the cells quickly at RT and immediately transfer the cell suspension to a 15 mL conical
centrifuge tube containing 5 mL of pre-warmed differentiation medium.

2.5.5. Centrifuge the cell suspension for 5 min at 300 x g, aspirate, and resuspend the pellet in
differentiation medium to remove any cryopreservation medium.

2.5.6. Plate the cells onto dishes/wells coated with 5 pg/cm? col IV and 0.5 pg/cm? LN-521, in
differentiation medium at a density of 40,000 — 50,000 cells/cm?. Maintain the cells at 37 °C, 5%
CO,, replacing the differentiation medium three times a week.

3. Phenotyping of hPSC-derived LESCs

3.1. Qualitative immunofluorescence analysis

3.1.1. For immunofluorescence, coat 24- or 12- well plate wells with 5 pg/cm? col IV and 0.5
pg/cm? LN-521 and plate/thaw hPSC-LESCs in differentiation medium at a density of 40 000 -
50 000 cells/cm?.

3.1.2. When the cultures have reached confluency, fix the cells with 4% paraformaldehyde (PFA):
Wash the wells twice with 1x DPBS without Ca?* and Mg?*and incubate 15-20 min with 4% PFA
at RT. Thereafter, wash twice with 1x DPBS to remove any PFA residues. Use 0.5-1 mL of solutions
per well.

Note: Fixed cells may be stored in 1x DPBS at 4 °C for up to one week prior to staining.

Caution: PFA is toxic and corrosive. Handle PFA in a fume hood and wear protective clothing, eye
protection, and gloves.

3.1.3. Aspirate 1x DPBS and permeabilize cell membranes by incubating for 10-15 min with 0.1%
Triton X-100 in 1x DPBS.

3.1.4. Aspirate 0.1% Triton X-100 and block nonspecific antibody binding sites by incubating for
1 h with 3% bovine serum albumin (BSA) in 1x DPBS at RT. Prepare primary antibody dilutions in
0.5% BSA in 1x DPBS.

Note: See Table 1 for recommended primary antibodies.

3.1.5. Aspirate 3% BSA and incubate with appropriately diluted primary antibody overnight at 4
°C.

3.1.6. Wash the wells 3x for 5 min with 1x DPBS. Prepare secondary antibody dilutions in 0.5%
BSA in 1x DPBS.

Note: See Table 1 for recommended secondary antibodies.
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3.1.7. Aspirate 1x DPBS and incubate with suitable, appropriately diluted secondary antibody for
1 h at RT, protected from light.

Note: From this step on, keep the samples protected from light in order to prevent fading of the
fluorescent dyes.

3.1.8. Wash the wells 3x for 5 min with 1x DPBS and finally counterstain nuclei with 4',6-
diamidino-2-phenylindole (DAPI) and mount with fluorescence mounting media. DAPI can be
used separately according to manufacturer’s instructions or included in the mounting medium.
Place round coverslips (diameter 19 mm and 13 mm for 12- and 24-well plates, respectively) in
each well. Follow the manufacturer’s instructions regarding drying and storage of the mounted
samples.

3.1.9. Image the stained cells with a fluorescent microscope.
3.2. Quantitative immunofluorescence analysis
3.2.1. Prepare cytospin samples of hPSC-derived LESCs on object glasses.

3.2.1.1. Detach hPSC-derived LESCs with xeno-free trypsin-EDTA and count the cells, as
instructed in step 2.4.2.

3.2.1.2. After counting, add pre-chilled 1x DPBS and centrifuge for 5 min at 300 x g. Adjust the
sample volume and cell concentration according to the manufacturer’s instructions of the given
cytocentrifuge, e.g. 50,000 — 100,000 cells in a sample volume of 150 pL.

3.2.1.3. Spin cells down to object glasses with a cytocentrifuge e.g. 5 min at 28 x g and fix
immediately for 15-20 min with 4% PFA in 1x DPBS at RT. For the recommended spinning time
and speed, refer to the instruction manual of the given cytocentrifuge.

3.2.2. Proceed to staining the cytospin samples as described in steps 3.1.3-3.1.8 Use liquid
blocker pen to surround the samples with a hydrophobic circle and conduct the staining in a
droplet for economical practice. Washes may be performed in containers with slide holders, in
order to ensure efficient removal of excess antibodies and minimal background staining.
Counterstain nuclei with DAPI and mount the stained samples with fluorescence mounting
media, covering with coverslips. Follow manufacturer’s instructions regarding drying and storage
of the mounted samples.

3.2.3. Capture 5-10 images per sample from randomly selected locations using e.g. 10X
magnification of a fluorescence microscope.

3.2.4. Estimate the percentage of positively stained cells in relation to total (DAPI positive) cells,
e.g. with Imagel) Image Processing and Analysis software (https://imagej.nih.gov/ij/) tools.
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Preferably analyze >500 cells per sample.

3.2.4.1. Open the image to be analyzed in Imagel software. Duplicate the image and filter with
default Gaussian blur to remove noise.

3.2.4.2. Create a threshold. Adjust the threshold values to optimal selection of positively stained
cell nuclei, and apply. The duplicated image is now converted to a binary view.

3.2.4.3. Process the binary image with binary processing tools “Fill holes” and “Watershed”,
which will automatically separate merged areas representing single nuclei.

3.2.4.4. Use the “Analyze particles” tool to automatically list regions of interests (ROls) to the ROI
manager window, which will open upon applying the command. Close the binary image.

3.2.4.5. Visualize the ROIs in the original image by choosing “Show all” in the ROl Manager.
Confirm correct selection of stained cell nuclei, and if needed, manually remove and add
individual selections.

3.3. Flow cytometry analysis
3.3.1. To confirm the p63a expression levels, stain the cells for flow cytometry.

3.3.1.1. Detach hPSC-derived LESCs with xeno-free trypsin-EDTA and count the cells, as
instructed in step 2.4.2.

3.3.1.2. Wash the cells twice with 1 mL pre-chilled 1x DPBS and centrifuge for 5 min at 300 x g.
Fix and permeabilize with ready-to-use fixation/permeabilization solution for 20 min at 4 °C.
Thereafter wash the cells twice with 1 mL pre-chilled 1x permeabilizing wash buffer.

Note: From this step on, keep the cells at 4 °C or on ice, unless indicated otherwise.

CAUTION! Fixation/permeabilization solution contains 4.2% formaldehyde. Handle the
hazardous solution in a fume hood and wear protective clothing, eye protection, and gloves.

3.3.1.3. Divide samples into 5 mL polypropylene tubes. Each sample should contain 100,000-
200,000 cells and the sample volume should be adjusted to approximately 100 pL of 1x wash
buffer.

3.3.1.4. Add 2 uL of fluorochrome conjugated p63-a FACS antibody (for recommended antibody,
see Table of Equipment and Materials) into the sample tubes. Leave one sample unstained to
serve as negative control. Vortex the samples and incubate for 1 h at RT, protected from light.

3.3.1.5. Wash the cells twice with 1 mL of pre-chilled 1x wash buffer and lastly, resuspend the
pellets with 300 pL of buffer. Store the tubes on ice, protected from light.
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3.3.2. Analyze the samples with a flow cytometer. Use the unstained negative control sample for
gating of the correct cell population, and for excluding the fluorescent background signal. Analyze
a minimum of 10,000 p63-a -stained cells. For detailed technical implementation, please refer to
the user manual of the given flow cytometer.

REPRESENTATIVE RESULTS:

From hPSCs to hPSC-LESCs

The entire process from inducing differentiation of FF hPSCs to cryostoring hPSC-LESCs takes
around 3.5 weeks. Schematic overview of the differentiation method highlighting its key steps is
presented in Figure 1A. Figure 1B shows typical morphologies of cell populations in different
phases of the protocol. The data presented are obtained with Regea08/017 hESC line and
UTA.04607.WT hiPSC line, both derived and characterized at the University of Tampere, Finland,
as described previously?®-2,

On LN-521 in hPSC medium, the undifferentiated, high quality FF hPSCs first form distinct colonies
with sharp edges, which merge to homogeneous monolayers upon confluence (Figure 1B, first
image). Several individually derived and genetically distinct hESC and hiPSC lines were
successfully adapted and cultured with this system. The FF hPSC populations multiply
approximately 3-fold within each passage, providing robust means to generate xeno-and feeder-
free starting material for differentiations®. The 24 h induction in EB medium typically produces
a suspension of tight, regular EBs of varying sizes (Figure 1B, second image). During the surface
ectodermal induction in suspension (day 2-4), the EB morphology should not change
dramatically. Colonial outgrowth appears soon after the EBs are plated onto col IV/LN-521
combination matrix in differentiation medium (Figure 1B, third and fourth images), and within
21-25 days of differentiation the cells form confluent homogeneous layers with polygonal
morphology typical to epithelial cells (Figure 1B, fifth image). The cells may then be cryostored
for later use. Viability and morphology are well preserved after thawing the hPSC-LESCs (Figure
1B, last image).

Typically, 3x10° FF hPSCs plated to a single 6-well plate yield enough EBs to be plated for adherent
culture in 2-3 cell culture dishes (100 mm). From each 100 mm dish, 1 - 1.5x10° cells may be
harvested for cryobanking by day 22-25 of differentiation. On average, each undifferentiated FF
hPSC generates 0.7 cells by day 25 (Figure 2).

Validation of hPSC-derived LESCs

In the absence of specific LESC marker proteins, the correct cell phenotype is confirmed with a
set of markers that demonstrate the decrease in expression of the pluripotency associated
proteins and increased expression of acknowledged LESC markers. At day 24 of differentiation,
the vast majority of the hPSC-derived LESCs express Paired box protein PAX6 (PAX6), the key
regulator of eye development, as well as p63a, the widely recognized LESC marker. The truncated
p63-isoform ANp63 is co-expressed in most of the p63a-positive cells, confirming the most
cornea-specific ANp63a-positive cell phenotype. Basal epithelial markers and putative LESC
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markers cytokeratin (CK)-15 and CK-14 are expressed in part, whereas pluripotent stem cell
marker OCT3/4 and mature corneal epithelial marker CK-12 are undetectable at this point. This
indicates differentiation of FF hPSCs toward the unipotent limbal epithelial progenitors, but not
yet terminal differentiation into mature corneal epithelial cells. (Figure 3A) The hPSC-LESCs
successfully retain their phenotype after recovery from cryostorage (Data comparable to Figure
3A).

After 24 days of differentiation, ANp63 was expressed in 66.2% (n=33, SD 9.3%) of Regea08/017
hESC-LESCs, and in 65.7% (n=10, SD 4.1%) UTA.04607.WT hiPSC-LESCs (quantified from cytospin
samples, Figure 3B). After recovery from cryostorage, 82.2% (n=10, SD 5.7%) of hESC-LESCs and
90.5% (n=10, SD=3.7%) of hiPSC-LESCs expressed ANp63 (quantified from well plates on day 26-
28, Figure 3B).

The p63a expression was further confirmed with flow cytometry analysis for Regea08/017 hESC-
LESCs. At day 25 of differentiation, 62% of the freshly differentiated hPSC-LESCs were positive for
p63a. Two days after recovery from cryostorage (day 28 in total), 81% of the cells were p63a-
positive (Figure 3C).

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic illustration of the hPSC-LESC differentiation protocol (A) and typical cell
morphologies observed in different phases of the process (B). EBs are formed from a single cell
suspension of high-quality, undifferentiated hPSCs during the first 24 h. Three-day small molecule
induction toward surface ectoderm in suspension is followed by adherent differentiation phase.
By day 24 of differentiation, the majority of the cells show typical LESC-like morphology.
Representative images shown for Regea08/017 hESC line before and during differentiation. Black
scale bar=200 um, valid for all images in the panel. Abbreviations: Blebb.=blebbistatin, SB=SB-
505124 small molecule inhibitor, bFGF=basic fibroblast growth factor, BMP-4=bone
morphogenetic protein 4, LN-521=human recombinant laminin 521, col IV=human placental
collagen type IV, hPSC=human pluripotent stem cell, EB=embryoid body, LESC=limbal epithelial
stem cells.

Figure 2. Expected cell yield. Boxplots showing the number of cells obtained for cryostoring on
day 22-25 of differentiation, divided by number of undifferentiated hPSCs plated for EB formation
step on day 0. On average 0.72 (SD 0.4) cells were produced from each pluripotent Regea08/017
hESC, while 0.78 (SD 0.67) cells were produced from each UTA.04607.WT hiPSC. n=number of
differentiation experiments.

Figure 3. Expected phenotype of hPSC-derived LESCs. Immunofluorescence antibody labeling (A)
showing uniform expression of eye development regulator PAX6 and acknowledged LESC
markers p63a and its ANp63 isoform, as well as two other suggested LESC markers - CK15 and
14. Pluripotency marker OCT3/4 and mature corneal epithelial marker CK-12 are negative.
Representative IF images shown for Regea08/017 hESC-LESCs at day 24 of differentiation. Scale
bars=100 um. (B) ANp63 cell counting from freshly differentiated and cryostored hPSC-LESCs
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demonstrates that the cells do not only retain, but show increased ANp63 expression after
cryostorage. Cell counting results show >65% of the freshly differentiated hPSC-LESCs stained
positive for ANp63 before the cryobanking procedure, and >80% after successful recovery. n =
number of separate differentiation experiments (minimum of 600 cells counted per sample and
>1600 cells per time point) (C) Flow cytometry analysis showing 62% of the freshly differentiated
hPSC-LESCs and 81% of the thawed cells positive for p63a, confirming the cell counting results
for line Regea08/017. * in B-C indicate thawed cells. Red histogram for positive sample and black
for negative (unstained) sample.

Table 1. Recommended primary and secondary antibodies used for immunofluorescence (IF)
labeling of hPSC-derived LESCs. See Table of Materials for manufacturers.

DISCUSSION:

The expected result of this protocol is the successful and robust generation of LESCs from a single
cell suspension of FF hPSC within approximately 3.5 weeks. As corneal epithelium develops from
surface ectoderm??, the first step of the protocol aims at steering hPSCs towards this lineage. A
short 24 h induction with transforming growth factor beta (TGF-B) antagonist SB-505124, and
bFGF are used to induce ectodermal differentiation, followed by 48 h mesodermal BMP-4 cue to
push the cells towards surface ectoderm. The following adherent differentiation step on col
IV/LN-521 combination matrix together with chemically defined differentiation medium is used
to further guide differentiation towards LESCs.

High quality of the starting material (the FF hPSCs) is critical for successful differentiation. Only
FF hPSC cultures with near confluence and close to 100% of undifferentiated phenotype should
be used. Regular hPSC karyotyping is recommended, as single cell passaging can predispose
hPSCs to karyotypic abnormalities that lead to growth and differentiation advantages3°.
Prolonged exposure to trypsin can cause inadequate EB formation or hPSC death. The protocol
was tested with five individually derived and genetically distinct hPSC lines, both hESC and hiPSC
lines. There was no need for cell line specific modifications to the small molecule concentrations
or induction times. However, during the initial optimization of the protocol, excessive cell death
or appearance of cells with fibroblastic, neuronal or other morphology indicated differentiation
to undesired lineages. In such case, the method might require fine-tuning. The culture vessel
formats provide a starting point and can be upscaled from the recommended sizes.

The entire protocol from hPSC culture to LESC differentiation and cryopreservation is defined,
allowing easy transition to Good Manufacturing Practice (GMP) for production of cell therapy
products. As the commercial media and reagents undergo robust development, manufacture and
quality control procedures, they provide a consistent, uniform quality platform for hPSC culture
and differentiations. The defined conditions minimize batch-to-batch variation, which offers an
advantage over existing hPSC-LESC differentiation protocols!®-1420.22.23 The fast and relatively
simple protocol also provides an advantage over three-dimensional corneal organoids which are
difficult to standardize across cell lines and laboratories, and require robust methods to purify
desired cell types3t32, Additionally, the highly efficient protocol provides robust means to
produce LESCs for research purposes, e.g. disease modeling, genetic engineering, drug screening,



573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616

and toxicological testing. Moreover, the platform can be easily fine-tuned for differentiation of
other ocular epithelial cell types such as retinal pigment epithelial cells (RPE cells)?>.

Successful limbal cell replacement therapy requires only a few thousand p63-positive LESCs?, per
eye, but quality assurance requires additional cell populations and therefore large scale
production. Cryobanking allows preparation of readily available cell stocks for transplantation, as
well as for quality and safety testing. Further, the hPSC-LESC purity improves after cryostoring,
and further after passaging and prolonged culture?®, as suggested by increased ANp63
expression.

In summary, this robust method generates ANp63a-positive cells from hPSCs within 3.5 weeks
under xeno- and feeder cell-free culture conditions. The cell culture methods presented here
enable production of high-quality LESCs applicable to ocular cell therapy use.
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Table 1

Antibody

Primary antibodies for IF
PAX6

p63a

ANp63a

CK-15

CK-14

CK-12

OCT3/4

Secondary antibodies for IF
Alexa Fluor 568 anti-goat Ig
Alexa Fluor 568 anti-mouse Ig
Alexa Fluor 488 anti-rabbit Ig
Alexa Fluor 488 anti-mouse Ig

Host

rabbit
mouse
rabbit
mouse
mouse
goat
goat

donkey
donkey
donkey
donkey
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Table of Materials

Name of Material/Reagent

1x DPBS containing Ca2+ and Mg2+
1x DPBS without Ca2+ and Mg2+
100 mm cell culture dish

12-well plate

24-well plate

2-mercaptoethanol

6-well plate, Ultra-Low attachment
Alexa Fluor 488 anti-mouse Ig
Alexa Fluor 488 anti-rabbit Ig

Alexa Fluor 568 anti-goat Ig

Alexa Fluor 568 anti-mouse Ig

Basic fibroblast growth factor (bFGF, human)

BD Cytofix/Cytoperm Fixation/Permeabilization Solution

BD Perm/Wash Buffer

Blebbistatin

Bone morphogenetic protein 4 (BMP-4)
Bovine serum albumin (BSA)
Cytokeratin 12 antibody

Cytokeratin 14 antibody

Cytokeratin 15 antibody

CnT-30

Collagen type IV (human)

CoolCell LX Freezing Container
CryoPure tubes

Defined Trypsin Inhibitor

Essential 8 Flex Medium Kit

GlutaMAX

Laminin 521

ANp63a antibody

0OCT3/4 antibody

p63a antibody

p63-a (D2K8X) XP Rabbit mAb (PE Conjugate)
PAX6 antibody

Penicillin/Streptomycin
Paraformaldehyde (PFA)

ProLong Gold Antifade Mountant with DAPI
PSC Cryopreservation Kit

TrypLE Select Enzyme

KnockOut Dulbecco’s modified Eagle’s medium
KnockOut SR XenoFree CTS

MEM non-essential amino acids
SB-505124

Triton X-100

VectaShield

Name of Equipment

Cytocentrifuge, e.g. CellSpin Il

Flow cytometer, e.g. BD Accuri C6
Fluorescence microscope, e.g. Olympus IX 51

Company

Gibco

Lonza

Corning CellBIND
Corning CellBIND
Corning CellBIND

Gibco

Corning Costar
ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific
PeproTech Inc.

BD Biosciences

BD Biosciences
Sigma-Aldrich
PeproTech Inc.
Sigma-Aldrich

Santa Cruz Biotechnology
R&D Systems
ThermoFisher Scientific

CELLNTEC Advanced Cell Systems AG

Sigma-Aldrich
Sigma-Aldrich

Sarsted

Gibco

Thermo Fisher Scientific
Gibco

Biolamina

BioCare Medical

R&D Systems

Cell Signaling Technology
Cell Signaling Technology
Sigma-Aldrich

Lonza

Sigma-Aldrich

Thermo Fisher Scientific
Thermo Fisher Scientific
Gibco

Gibco

Gibco

Gibco

Sigma-Aldrich
Sigma-Aldrich

Vector Laboratories

Company
Tharmac

BD Biosciences
Olympus
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Catalog Number
#14040-091
#17-512F/12
#3296
#3336
#3337
#31350-010
#3471
#A-21202
#A-21206
#A-11057
#A-10037
#AF-100-18B
#554722
#554723
#B0560
#120-05A
#A8022-100G
#SC-17099
#MAB3164
#MS-1068-P
#Cnt-30
#C5533
#BCS-405
#72.380
#R-007-100
#A2858501
#35050061
#Ln521
#4892
#AF1759
#ACI3066A
#56687
#HPAO30775
#17-602E
#158127
#P36931
#A2644601
#12563-011
#10829018
#10828028
#11140050
#54696
#T18787
#H-1200

Catalog Number

Comments/Description

Culture vessel format for adherent hPSC-LESC differentiation
Culture vessel format for IF samples
Culture vessel format for IF samples

Culture vessel format for induction in suspension culture
Secondary antibody for IF

Secondary antibody for IF

Secondary antibody for IF

Secondary antibody for IF

Animal-Free Recombinant Human FGF-basic (154 a.a.)
Fixation and permeabilization solution for flow cytometry
Washing buffer for flow cytometry

Primary antibody for IF

Primary antibody for IF

Primary antibody for IF

Culture medium for adherent hPSC-LESC differentiation
Human placental collagen type IV

1.6 ml cryotube for hPSC-LESC cryopreservation

Human recombinant laminin 521

Primary antibody for IF

Primary antibody for IF

Primary antibody for IF

p63-a PE-conjugated antibody for flow cytometry
Primary antibody for IF

Cell fixative for IF
DAPI mountant for hard mounting for IF

Permeabilization agent for IF
DAPI mountant for liquid mounting for IF

Comments/Description
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Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

\Weids thnaastn, Mers Vathulas el TJorya [lmarren Alexandia Mithariona,
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
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Signature: Date®

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Fax the document to +1.866.381.2236;
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter Click here to download Rebuttal Letter Hongisto et al. Rebuttal %
Letter.pdf

Dear Editor,

Please find enclosed the second revision of our manuscript “Efficient and scalable directed
differentiation of clinically compatible corneal limbal epithelial stem cells from human pluripotent
stem cells” by Hongisto and Vattulainen et al. We have revised the text according to the editorial
comments. All changes made to the manuscript are tracked with blue shading. The part chosen by
the authors to be filmed is highlighted with yellow shading. Responses for the editorial comments
are provided below.

We hope that You find the responses given and changes made satisfactory and find
our protocol suitable for publication in JoVE.

Sincerely,

s Moyt

Heidi Hongisto, PhD

BioMediTech Institute

Faculty of Medicine and Life Sciences
University of Tampere

Arvo Ylpon katu 34

33520 Tampere

FINLAND

E-mail: heidi.m.hongisto@uta.fi
Phone: +358 40 556 7493
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Editorial comments:

Note that some formatting changes have been made, including protocol numbering (e.g., A.1is
now 1.1).

Editorial comment 1. Much of the media names (Essential 8/E8, Knockout/Ko, CnT-30, TrypLE,
Defined Trypsin Inhibitor, possibly others) are commercial. Could you change these to generic
terms/abbreviations (including in Figure 1A)?

Author response:

We have changed the following names and abbreviations:

“Essential 8 Flex/E8 medium” changed to “hPSC medium” (also in Figure 1A)

“TrypLE Select Enzyme/Tryple Select” changed to “xeno-free trypsin-EDTA”

“Defined Trypsin Inhibitor” changed to “defined trypsin inhibitor”

“XF-Ko-SR medium” changed to “basal induction medium” (“Induction medium” in Figure 1A)

“KnockOut Dulbecco’s modified Eagle’s medium” changed to “Dulbecco’s modified Eagle’s
medium”

“KnockOut SR XenoFree CTS” changed to “xeno-free serum replacement”
“GlutaMAX” changed to “L-glutamine”

“MEM non-essential amino acids” changed to “non-essential amino acids”
“CnT-30 medium” changed to “differentiation medium” (also in Figure 1A)

As the protocol relies on the use of very specific, commercial hPSC and corneal epithelial
differentiation media and reagents, we have mentioned the commercial product names at first
use. Additionally we have added a note on this before the protocol section and added a
sentence on the matter to the discussion section. If this is not applicable with journal
formatting, the commercial names can be removed.

Editorial comment 2. 2.2.3 (formerly A.2.3): How is media replaced?
Author response:

“2.2.3. On the following day (Day 2), replace the medium with Induction medium 1.” changed to
“2.2.32.2.3. On the following day (Day 2), remove the medium and replace with 3 mL of basal
induction medium supplemented with 10 uM SB-505124 and 50 ng/mL bFGF.”

“2.2.4. On the following two days (Days 3-4), replace the medium with Induction medium
2.”changed to “2.2.4. On the following two days (Days 3-4), remove the medium and replace with
3 mL of basal induction medium supplemented with 25 ng/mL BMP-4.

Editorial comment 3. 3.3.1.5 (formerly C.3.1.5): What volume of wash buffer?



Author response: Wash buffer volume of 1 mL added.

Editorial comment 4. 3.3.2 (formerly C.3.2): Please provide more detail about this step or a
reference. Analyze how, exactly?

Author response: “3.3.2. Analyze the samples with a flow cytometer.” changed to “3.3.2. Analyze
the samples with a flow cytometer. Use the unstained negative control sample for gating of the correct cell
population, and for excluding the fluorescent background signal. Analyze a minimum of 10, 000 p63-a -
stained cells. For detailed technical implementation, please refer to the user manual of the given flow
cytometer.”



