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28 SUMMARY:
29 The goal of the protocol is to compare different extracellular matrix (ECM) coating conditions to
30 assess how differential coating affects the growth rate of induced pluripotent stem cells (iPSCs).
31 In particular, we aim to set up conditions to obtain optimal growth of iPSC cultures.
32
33  ABSTRACT:
34  This study focuses on understanding how growing iPSCs on different ECM coating substrates
35 can affect cell confluence. A protocol to assess iPSC confluence in real time has been
36 established without the need to count cells in single cell suspension to avoid any growth
37 perturbation. A high-content image analysis system was used to assess iPCS confluence on 4
38 different ECMs over time in an automated manner. Different analysis settings were used to
39 assess cell confluence of adherent iPSCs and only a slight difference (at 24 and 48 hours with
40 laminin) has been observed whether a 60, 80 or 100% mask was applied. We also show that
41  laminin lead to the best confluence compared to Matrigel, vitronectin and fibronectin.
42
43  INTRODUCTION:
44  Induced pluripotent stem cells (iPSCs) are obtained from somatic cells and can be differentiated
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into different cell types. They are often used as a system to model disease pathogenesis or
perform drug screening, and also offer the potential to be used in the context of personalized
medicine. Since iPSCs have great potential, it is important to fully characterize them for use as a
reliable model system. We previously showed the importance of growing iPSCs in a hypoxic
environment as these cells rely on glycolysis and an aerobic environment can cause redox
imbalancel. iPSCs are also vulnerable to other culture conditions, particularly the extracellular
environment. Optimization of culture conditions is a key issue to keep them healthy and
proliferating. A healthy iPSC culture will lead to healthy differentiated cells that generally are
the endpoint of the model used to understand molecular, cellular and functional features of
specific human disorders or cellular processes.

In this study, a simple protocol has been used to test the confluence of iPSCs using different
coating conditions in separate wells. iPSCs require a feeder layer of murine embryonic
fibroblasts (MEF) in order to properly attach, but the coexistence of iPSCs and MEF makes it
difficult to perform analysis like RNA or protein extraction since two populations of cells are
present. In order to avoid the feeder layer, different proteins belonging to the extracellular
matrix (ECM) have been used to recreate the natural cell niche and to have feeder free iPSC
culture. In particular, Matrigel is a solubilized basement membrane preparation extracted from
the Engelbreth-Holm-Swarm (EHS) mouse sarcoma, which is enriched in extracellular matrix
proteins (i.e., laminin, collagen IV, heparan sulfate proteoglycans, entactin/nidogen, and
growth factors)?3. The other used coating conditions are instead purified proteins with known
relevance in building the ECMs: laminin-521 is known to be secreted by human pluripotent
stem cells (hPSCs) in the inner cell mass of the embryo and it is one of the most common
laminins in the body after birth*!!; vitronectin is a xeno-free cell culture matrix known to
support growth and differentiation of hPSC'%16; fibronectin is an ECM protein important for
vertebrate development and the attachment and maintenance of embryonic stem cells in a
pluripotent state!”-?°, Since different coating conditions are available, we compare them in
terms of their effect on iPSCs’ confluence.

PROTOCOL:
1. Coating 96 well plates

NOTE: Different coatings were tested in the same plate but separate wells (see Supplemental
File).

1.1.  Dilute the Matrigel 1:100 in DMEM. Add 100 pL per well to the 96 well plates and
incubate for 1 h at room temperature. Following this, remove the solution and wash the wells
with 1 mL of DMEM twice.

1.2.  Dilute laminin (20 pg/mL, LN-521) in PBS (with calcium and magnesium). Add 100 pL to
the well and incubate at 4 °C overnight. The following day perform two washes with DMEM
before seeding the cells.
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1.3.  Dilute vitronectin (10 pg/mL) in dilution buffer. Add 100 pL per well to the 96 well plate
and incubate for 1 hour at room temperature. Wash the wells with PBS (without calcium and
magnesium) before plating the cells.

1.4. Dilute HU-Fibronectin (30 pg/mL) in ddH,0. Add 100 uL to the wells and incubate at
room temperature for 45 minutes. Following this, wash the wells with the medium before
seeding the cells.

2. Maintenance of iPSCs in culture

NOTE: iPSCs were purchased commercially. The iPSCs were derived from human fibroblasts and
reprogrammed using episomal technology.

2.1.  From the -80 °C freezer or liquid nitrogen, thaw the cryopreserved iPSCs in a 37 °C water
bath. Clean the vial containing the cells with 70% ethanol prior to moving it into the biological

safety cabinet.

2.2.  Add the cell suspension to 5 mL of pre-warmed cell culture media (e.g., mTeSR1) drop
by drop with a 1000 pL pipette in a 15 mL sterile conical tube.

2.3.  Centrifuge the cells at 304 x g for 5 min at room temperature (RT).

2.4. Remove the media and resuspend the cell pellet in 4 mL of cell culture medium.

2.5. Plate the cell suspension into two wells of the 6 well plates (10° iPSCs per 6-well cell
culture dish), where the mouse embryonic fibroblasts (MEFs) have been plated previously. Seed
MEFs two days before plating iPSCs at a density of 2.4 x 10*/cm? in DMEM (containing 10% Fetal
Bovine Serum, 1% L-glutamine and 1% Penicillin-Streptomycin).

2.6.  After seeding, supplement the cell media with 10 uM of ROCK inhibitor Y-27632.

2.7. Grow the iPSCs on MEFs for the first 4-5 weeks and then in feeder free condition (MEF
free condition), using one of the coating of interest (see step 1 and Table 1) in mTeSR1.

2.8. When the iPSCs are 70-80% confluent, passage 1:4 using 0.5 mM EDTA treatment for 3-
5 min at RT. Add 1 mL of 0.5 mM EDTA for a 6 well plate (or proportional quantities for other
types of plates). Leave the reagent to act for 3-5 min at RT. Transfer to new wells in feeder-free
conditions and incubate at 37 °C, 5% CO,, 20% O..

2.9. Change the media with fresh mTeSR1 every day and split the cells every 2 days.

3. Characterization of cell confluence

3.1. Use 96 well plates for the experiments.



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

3.2. Seed 10,000 cells per well following at least 1 month of culturing in feeder free
condition in order to be sure that the MEFs were not passaged. Use disposable counting slides
to count the cells with the optical microscope.

3.3.  Perform the experiments in triplicate. Therefore, test each seeding condition in three
wells.

3.4. Perform automated image acquisition from day 1 following seeding using a cytometer in
bright-field mode. Perform automated image acquisition every 24 h for 5 days. For detailed
information on the experimental parameters, refer to the Supplemental File.

3.5. Use auto-contrast and auto-exposure to better visualize cells.

3.6. Set the analysis setting (see Supplemental File) for confluence analysis to apply a mask
of 60%, 80% and 100% per well, in order to evaluate the changes in focus due to the light
refraction at the border of the wells. Use the different mask analysis setting mentioned above
to analyze the cell confluence at each time point.

4. Statistical analyses

4.1. Report quantitative results as means + standard error of the mean (SEM).

4.2.  For comparing overall differences of the different coating conditions, obtain data using
the same samples and perform the Student’s paired-sample t-test. P values less than 0.05 are
considered statistically significant, and all reported p-values are two sided.

5. Characterization of the cytoskeletal microfilaments

5.1.  Fix cells with 4% paraformaldehyde (4% PFA) in PBS for 10 min at RT, followed by two
washes in PBS (10 min total).

5.2.  Add 100 pL of blocking solution (composed by 5% BSA, 0.1% Triton in PBS) to each well
for 1 h at RT.

5.3. Remove the blocking solution and wash the samples twice with PBS for 10 min.

5.4.  Add 100 pL of the phalloidin-conjugate working solution per sample and incubate for 1 h
at RT.

5.5.  Wash cells twice with PBS (10 min at RT).

5.6.  Stain nuclei with Hoechst 33342 diluted 1:10000 in PBS for 10 min at RT.
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5.7. Remove the Hoechst solution and wash the cells twice with PBS for 10 min each time.
5.8. Wash the sample with H,O and let dry under a chemical hood.

5.9. Add 100 pL of mounting media (i.e. PBS:glycerol, 1:1) to cover the cells and preserve
fluorescence of samples.

5.10. Observe cell at Ex/Em 493/517 nm on a laser-scanning confocal microscope equipped
with a white light laser (WLL) source and a 405 nm diode laser. Acquire sequential confocal
images using a HC PLAPO 40x oil-immersion objective. Use the same laser power, beam
splitters, filter settings, pinhole diameters and scan mode for all examined samples.

REPRESENTATIVE RESULTS:

In this study, we investigated iPSCs confluence when grown on different coating conditions.
Using a cytometer, we were able to obtain readily informative results in triplicates in 5 days.
Since iPSCs hardly attach to plastic vessels and a coating is necessary to support their
proliferation, we decided to monitor the confluence of human iPSCs as it is indicative of the
health of the cell culture and it may reflect on their differentiation potential. After in vitro
expansion, we seeded the iPSCs on different ECM substrates and analyzed cells by observation
of the sample images acquired in bright-field and using phalloidin staining (used for staining
actin filaments, also known as F-actin) in order to understand their adhesion to the vessels
(Figure 1). In fact, phalloidin staining allows visualization of the degree of cell adhesion to the
surface of the vessel and therefore to the specific coating used for the vessel. Cells that are
adherent to the coating showed clearly visible cytoskeletal microfilaments instead of collapsed
microfilaments. The observation of the brightfield in combination with phalloidin staining
document a good level of adhesion of the iPSCs to the coated surface.

To investigate the confluence, we seeded the iPSCs with Matrigel, LN-521, vitronectin and Hu-
fibronectin in triplicates, and performed the experiment three times. In order to avoid the light
refraction due to the edge of the well, we applied three types of analysis setting with a mask of
60, 80 and 100%, and observed that they are similar in picking the cells and avoiding the
background (Figure 2). The results obtained show that iPSCs seeded on LN-521 show a high rate
of cell proliferation in a linear fashion during time, comparing it with the other coatings and
that these differences are statistically significant (asterisks in Figure 3A-C). Cells seeded on
Matrigel, Vitronectin or Hu-Fibronectin show a linear proliferation rate in the first 96 hours but
they also show an increased slope of the confluence curve in the last 24 hours (independently
of the mask used, 60%, 80% or 100%, Figure 3A-C). Since the initial difference at 24 h for the
different coatings can be due to differences in cell attachment, cell growth has been normalized
to the 24 h for the later time points (from 48 to 120 h) (Figure 3D-F). The graphs obtained using
the 60, 80 and 100% mask show that no differences exists in terms of confluence among the
different coatings and that the differences observed with LN-521 are most probably due to an
increased ability of the iPSCs to adhere to this coating when passaged.

Figure 1. Representative bright-field images and Phalloidin staining of iPSCs seeded on
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different ECM coatings after 3 days. Bright-field images showing that the cells are healthy on
the coating used and that they are well attached to the vessels as documented by the phalloidin
staining showing clearly visible cytoskeletal microfilaments. Scale bar: 25 um

Figure 2. Representative bright-field images showing three different analyses setting for the
masks used to perform confluence analyses. Mosaic obtained with a cytometer using bright-
field images (16 images/well from a 96 well plate). In green the analysis segmentation displays
clearly the different mask applied (60, 80 100%) to avoid or include the round edge of the well.
Scale bar: 500 um.

Figure 3. Cell confluence analysis of iPSCs seeded on differently coated vessels. Graph
representing the cell confluence of iPSCs seeded on differently coated vessels. Data were
analyzed after acquisition with the appropriate software using a (A) 60% mask (B) 80% (C) 100%
for 5 days (120 h). Normalization of the confluence of the 48 h to 120 h time points to the first
time point (24 h) is shown in (D, E, F). The data were obtained from three independent
experiments. Data are represented as mean + SEM. n= 3 * p<0.05.

Table 1. List of coating compounds used to analyze the confluence. The name, initial and final
concentration of different coatings used are reported®. The initial concentration of Matrigel is
variable, depending on the batch.

DISCUSSION:

The use of iPSCs for disease modeling and future drug screening together with their possible
application in precision medicine makes it a technology of great relevance and for this reason
we believe that it is necessary to clearly understand the in vitro culturing condition that better
resemble the physiological situation of embryonic stem cells. In this context, we tested
different ECM coatings using control wild type iPSCs in order to understand the conditions that
allow the cells to remain in a healthy and undifferentiated state. In addition to this, a critical
point is the culturing of iPSCs in xenogenic components of MEFs and Matrigel that may account
for the experimental variability among triplicates and this hinder the ability to perform
mechanistic studies?®.

In this study, we tested the iPSCs’ confluence on xenogeneic-free substrates (i.e., LN-521,
Vitronectin, Hu-Fibronectin) using a high-content image analyzer cytometer. The reason for
using the automated image-analysis system is due to the fact that counting cells, using the
Trypan blue exclusion method would necessitate to make single cell suspensions and this is not
recommended when manipulating iPSCs as they should be propagated in cell clusters to avoid
cell death. The data obtained with the high-content image-analysis allow us to follow cell
confluence without perturbing cells as they are simply imaged every day for 5 days. This
technology may be considered as the election method to characterize iPSC lines and it can be
included to perform quality control panels of human iPSCs. While we used a commercial
software package, the methodology here described can be successfully used by means of
equivalent high-content/high-throughput image analysis platforms and similar analytic software
packages. The data obtained show that the iPSCs seeded on LN-521 present a linear confluence
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during 5 days in culture without splitting the cells and is therefore the best xenogeneic—free
substrate tested in this study. One limitation of this protocol is that these results obtained need
to be normalized to the first time point in order to consider differences in iPSC attachment to
different substrates. Interestingly, the data obtained are most probably driven by an increased
cell attachment rate of iPSCs to LN-521. In fact, when normalizing the results for the first time
point, no difference is observed among the different substrates.

Based on the results obtained with the study, it would be interesting to better understand the
biology of pluripotent stem cells in terms of knowing the major cell surface receptors that
mediate cell-ECM contacts and that may be responsible for the maintenance of their self-
renewal ability rather than spontaneous differentiation into specific cell types. Interestingly,
there are studies showing that the matrix elasticity of the culture surface influenced the
differentiation toward different cell types and this is probably dependent on the cell-ECM
interactions that activated some intracellular cell-signaling pathway relevant for cell-type
specific differentiation?’. In addition to this, Vigilante et al.?® explored the genetic contribution
to changes in iPSC behavior, by combining computational approaches with gene expression and
cell biology datasets. The work by Vigilante et al.?® is, therefore, a major advance in attempting
to map genetic variation to phenotypic variation. These studies may lead to the development of
standardized methodologies to be used to perform iPSCs experiments in light of their future
possible use in clinics.
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Coating compound Initial Concentration Final Concentration
HU-Fibronectin 1 mg/mL 10 pg/cm’
Laminin 521 100 pg/ml 20 pg/mL
Matrigel * 0.111111111
Vitronectin XF 250 pg/mL 10 pg/mL
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Name of Material/ Equipment

10 mL Stripette Serological Pipets, Polystyrene, Individually Paper/Plastic Wrapped, Sterile
15 mL high-clarity polypropylene (PP) conical centrifuge tubes
1x PBS (With Ca**; Mg™)
1x PBS (without Ca**; Mg
5 mL Stripette Serological Pipets, Polystyrene, Individually Paper/Plastic Wrapped, Sterile
Cell culture microplate, 96 WELL, PS, F-Bottom
Cell culture plate, 6 well
DMEM (Dulbecco's Modified Eagle's Medium- high glucose)
EDTA
Epi Episomal iPSC Reprogramming Kit
FAST - READ 102
Fetal Bovine Serum (FBS)

Fibronectin
Glycerol
H,0
Hoechst
Laminin 521
L-Glutamine (200 mM)

Matrigel
Mouse embryonic fibroblasts (MEF)

MTESR1 Medium
MTESR1 Supplement
Penicillin-Streptomycin (10,000 U/mL)

Phalloidin
Vitronectin
Y-27632
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Company

Corning
Falcon

Thermofisher

Euroclone
Corning
Greiner Bio One
Costar
Sigma
Sigma
Invitrogen
Biosigma
Gibco
Merck
Sigma

Thermofisher

Stem Cell Technologies

Gibco

Corning Matrigel hESC-Qualified Matrix

Life Technologies

Stem Cell Technologies
Stem Cell Technologies

Gibco
Sigma

Stem Cell Technologies

Sigma

Catalog
Number
4488
352097

14040133

ECB4004L
4487
655090
3516
D5671
ED4SS-500g
A15960
BVS100
10270106
FCO010
G5516
MILLIQ

33342
77003
LS25030081
354277
A24903
85851
85852
15140122
P1951
7180
Y0503

Comments/Description

Tool
Tool

Medium

Medium
Tool
Support
Support
Medium
Reagent
Reagent
Tool
Medium
Coating
Reagent

Reagent
Coating
Reagent
Coating
Coating
Medium
Medium
Reagent
Reagent
Coating
Reagent
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Bambino Gesu
OSPEDALE PEDIATRICO

Roma, 21/03/2020

Dear Prof. Nam Nguyen,

I hope that this finds you well. | wish to thank you for your consideration of the manuscript
(titled: “Measuring the confluence of IPSCs using an automated imaging system” by
Valentina Magliocca, Maria Vinci, Tiziana Persichini, Franco Locatelli, Marco Tartaglia,
Claudia Compagnucci) that we submitted to Jove, We have respectfully amended the
manuscript following your comments.

With best regards,
Claudia Compagnucci

Claudia Compagnucci, PhD

Genetics and Rare Diseases Research Division
Ospedale Pediatrico Bambino Gesu

Viale di San Paolo, 15

00146 Rome, Italy

Piazza Sant’Onofrio, 4 Bambino Gesu

00165 Roma Ospedale Pediatrico

Tel. +39 06 6859 <inserire numero> Istituto di Ricovero e Cura
Fax +39 06 6859 <inserire numero> a Carattere Scientifico

e-mail <inserire indirizzo>@opbg.net www.ospedalebambinogesu.it
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Supplemental file

Picture explaining how the different coating have been disposed in the 96-well plate.
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Experimental parameters:

To Acquire the images:
- Application: Confluence
- Image Acquisition setting: Auto Exposure
- Configuration: Brightfield
- Acquisition resolution: Ium/pixel
- For the Contrast: auto contrast
- For the Focus set up:
- “hardware autofocus — register auto mode”
- Target focal plane bright focus.

For the Analysis:

- Application: Confluence

- Analysis resolution: 2um/pixel
- Algorithm: Texture

- Intensity threshold: 15

- Precision: High

- Min cluster size: 50 um”3
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Imaging parameters used

Channel Name Cube Contrast Emission Peak Peak
Name Method Wavelength Emission Excitation
Channel 1 | DAPI DAPI FLUO nm 461 0nm
Channel 2 | RHOAD RHOAD FLUO nm 578 0nm
Channel Lookup | Exposure Gain | Differential | Condenser | Resolution | Resolution
Name table time interference Xy Z

name contrast
Channel 1 | Blue 220.02ms |0 - 0.469 um | 1.281 pm
Channel 2 | Red 795 ms 0 - 0.469 um | 1.281 um

Camera settings

Camera Hamamatsu-C11440-42U-USB-001428
Format --
Digitization 16 bits
Gamma 0.9807789
Quality Mode 1 MHz
Image Flip X Axis No

Image Flip Y Axis No
Black-Value 0
White-Value 65535
Shading Correction OFF
Microscope Settings

System Name LAS X
Microscope Model DMI8

OBjective

HC PL FLUOTAR L 40x/0.60 DRY

Order number (Obj.)

11506201

Numerical aperture

0.6

Refractive index

1

Mounting Medium Refraction index

Z Movement

Z then Lambda

Camera Light

100%







