soamnes  Culturing human
ES and iPS cells

on full-length human recombinant laminin-521
(Biolaminin® 521)

Biolaminin products are full-length human recombinant laminin proteins widely used as substrates to culture primary
cells and cell lines in a biologically relevant environment across various platforms and applications. Biolaminin 521
mimics the laminin-521 found in the embryonic stem cell (ESC) niche, promoting the stability and proliferation of
pluripotent stem cells (PSCs) in an authentic environment in vitro. It enables homogenous single-cell culture without
the need for a ROCK inhibitor or the risk of spontaneous differentiation. As a chemically defined, xeno-free substrate,
Biolaminin also supports standardized and reliable culture conditions.

This document provides a collection of protocols for successfull human PSC culture on Biolaminin matrices (LN, MX
and CTQG):

Transition guide KEY CONSIDERATIONS
Passaging protocol

Thawing cryopreserved hPSCs
Cryopreservation of hPSCs

e Protocols with Biolaminin can be fully
defined and free from animal-origin
components by selecting an appropriate
culture medium and dissociation reagent.

e Coated plates can be stored

Coating cell Pluripotent stem Biolaminin 521 Cell Weekend-free aseptically at +2°C to +8°C for up
cultureware cell culture Culture Substrates feeding protocol to 4 weeks for convenience.

e Once adapted, hPSCs can be maintained
as single cells on Biolaminin 521 without
the need for ROCK inhibitor (ROCKi).

e Biolaminin 521 facilitates the long-
term self-renewal of hPSCs, maintaining
pluripotency and stability.

e Perform all procedures under sterile
conditions using aseptic techniques

Transition guide

This guide provides an overview of the transition of human pluripotent stem cells (hPSCs) to Biolaminin 521 cell culture
matrices (LN, MX, and CTG) from another feeder-free matrix, such as Matrigel, or from feeder cells.

n Prepare cultureware by coating it with Biolaminin 521, detailed instructions can be found by scanning the QR code
labeled “Coating Cell Cultureware” above.

E For the transition step, split the cells as usual and seed them onto a Biolaminin 521-coated plate. If you maintained
your cells as colonies, continue culturing them as colonies during the transition.

e There might be morphological changes when switching to Biolaminin 521. Cells can appear flatter and larger compared
to those cultured as colonies on feeder cells or other feeder-free substrates. Morphology may also vary depending on the
culture medium.
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B For the next passage, follow the Passaging protocol outlined below.

Some hPSC lines may require an adaptation period of up to five passages before they can be successfully cultured as single
cells or small aggregates. To support a smooth transition, consider the following recommendations:

e Only high-quality cells should be transferred to the Biolaminin 521 matrix. Carefully select only undifferentiated areas for
transfer.

e Avoid changing the substrate and media at the same time. If you are also changing the medium, transition to the Biolaminin
521 matrix first before adjusting the medium.

e For initial passages, use a higher coating concentration of 10 ug/mL for LN521 and 20 pg/mL for MX521 and CT521 to
support cell attachment and adaptation.

e Seed at a higher cell density (50,000-100,000 cells/cm?) for the first few passages. This might be influenced by the culture
medium. Different cell densities can be tested in parallel to determine the optimal conditions.

® Include ROCK inhibitor (10 uM) during the initial passages to support cell survival and adaptation. Parallel wells without
ROCKi can be set up to assess whether the cell line adapts well without the inhibitor, allowing for a faster transition.

e Once cells adapt to the Biolaminin 521 matrix, the seeding density and coating concentration can typically be reduced, and
cells can be routinely cultured as single cells without requiring ROCK inhibitor.

e When transitioning from Matrigel or another aggregate culture, the original culture can be maintained for 1-2 passages as
a backup source.

e Transitioning from another single-cell culture typically does not require adaptation passages or ROCKi.

Passaging protocol

This protocol provides general guidelines for expanding and passaging hPSCs as single cells on Biolaminin 521 matrices
(LN, MX, and CTG). Some optimization may be required depending on cell line and culture conditions.

KEY CONSIDERATIONS

The volumes in this section are based on é-well plates and should be adjusted accordingly for different cultureware sizes.

The choice of culture medium depends on the cell type and specific application. Biolaminin 521 is compatible with most
commercial media (e.g., NutriStem™, mTeSR™, Essential 8™, and iPS-Brew). Cell morphology may vary depending on the
medium used.

Once cells have successfully transitioned and adapted to Biolaminin 521, they can be maintained as single cells without ROCK
inhibitor (ROCKi).

hPSCs should be passaged when they reach 60-90% confluence. While they can be grown to nearly 100% confluence, over-
confluent cultures should be avoided.

Stem cells are sensitive to mechanical stress. Excessive pipetting can lower viability.

When culturing hPSCs on Biolaminin 521, we recommend passaging them as single cells or small aggregates. If using EDTA,
aim for small aggregates while minimizing mechanical disruption.

BEFORE START:

Coat new cultureware with Biolaminin 521 according to Instructions for Use 001.

Aliquot the required amounts of all solutions and pre-warm them to +37°C.

n For new coated plates: Remove excess coating solution

Carefully remove the excess Biolaminin coating solution from the new plate without disturbing the coated surface.
Immediately add 2 mL/well of fresh culture medium and allow the plate to equilibrate at 37°C, 5% CO,, and 95% humidity
until step 8.

e Ensure the coated surface does not dry out, as this will inactivate the Biolaminin coating.

E Cell rinsing

Aspirate medium from the cells and gently rinse each well with 1 mL/well DPBS (without Ca?*/Mg?*).

e Use DPBS without Ca?* and Mg?* to avoid interference with some dissociation reagents.
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Cell detachment

Add 1 mL/well of the chosen dissociation reagent (e.g. TrypLE™, Accutase, or EDTA) and incubate at +37°C for 4-8 minutes.
e Use a microscope to confirm proper dissociation. If cells do not round up, extend incubation time.

e The required incubation time depends on the cell line and dissociation reagent. EDTA may require longer incubation period.

e Difficulty detaching cells may result from high cell confluence or excess laminin coating. If detachment is challenging, increase
the incubation time. If the issue persists, consider reducing the laminin coating concentration.

Dissociation

Add 1 mL/well of pre-warmed fresh medium. Gently pipette 2-4 times to achieve a single-cell suspension or small
aggregates.

®  Process wells one at a time, as cells may quickly re-adhere once medium is added.

e Avoid excessive or harsh pipetting to prevent cell viability.

Cell collection

Transfer the suspension to a 15 mL conical tube and centrifuge at 100 x g for 4 minutes at room temperature (15-25°C).

e [fusing EDTA (0.5-1 mM), you can skip steps 5 and é; aspirate the EDTA, and directly resuspend cells in fresh medium
before counting.

Cell resuspension

Aspirate the supernatant and gently resuspend the pellet in fresh, pre-warmed culture medium. Add 2 mL of medium per
original well to the tube containing the collected hPSCs.

Cell counting
Count the cells and determine the required volume for seeding.
e hPSCs can be seeded at 30,000-50,000 cells/cm? or using a split ratio of 1:10 to 1:30, without the need for ROCKi.

e Optimal seeding densities vary by cell line and by protocol needs. Biolaminin 521 supports survival at densities as low as
5,000 cells/cm?.

Seeding cells

Take the coated plate from step 1 and seed the desired volume of cell suspension into each well. Rock the plate immediately
for even distribution.

Incubation and culture

Incubate the plate at 37°C, 5% CO,, 5% humidity. Perform a full medium change 24-48 hours after splitting and continue
daily feeding until the next passage.

e  forreduced labor, refer to the weekend-free protocol in Application Note 001: Weekend-Free hPSC Culture Using
Biolaminin 521.

e Within 60 minutes, most cells should be attached and evenly distributed as single cells. By the next day, small colonies
should be visible. hPSCs cultured on Biolaminin 521 should form a homogeneous monolayer with no differentiated areas.
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hESC morphology on Biolaminin 521: Uniform monolayer
without spontaneous differentiation

Representative images (10x magnification) show the morphology of the human embryonic stem cell (hRESC) line HS181
seeded as single cells (30,000 cells/cm?) on 5 pg/mL Biolaminin 521 (A-C) or as aggregates on Matrigel (D). Within 1
hour on LN521, most cells attach and are evenly distributed (A), exhibiting high motility and initiating proliferation. By
the next day, small colonies form (B), and cells continue to grow as a homogeneous monolayer, displaying a cobblestone
morphology, a high nuclear-to-cytoplasm ratio, and prominent nucleoli when reaching high confluence (C). In contrast
to colony-based passaging on other feeder-free matrices (D), single-cell or small aggregate (2-5 cells) cultures on Biol-
aminin 521 can expand to near confluence without spontaneous differentiation. However, morphological variations may
occur between these culture methods and can also depend on the culture medium used.

Day 0: hESC HS181 cul-
tured on LN521, one hour
after seeding. The cells

Day 1: hESC HS181 cul-
tured on LN521, the day af-
ter seeding. The cells have

have attached and are formed small colonies.
evenly distributed as single
cells.

Thawing cryopreserved hPSCs
Cells previously cultured on another feeder-free matrix

or feeder cells can be thawed directly onto Biolaminin

521. For the first passage, follow the single-cell

Passaging protocol. If adaptation to the Biolaminin 521
matrix is challenging, refer to the Transition guide.

-
hESC HS181 cultured as
colonies on Matrigel, 3
days after seeding. Area of
differentiation between 2
undifferentiated colonies.

Day 4: hESC HS181 cul-
tured on LN521, just before

passage. Confluent cell
monolayer without differ-
entiated cell areas.

. Cryopreserving hPSCs

¢ hPSCs cultured on Biolaminin 521 should be cryopreserved
¢ as single cells or small aggregates when they reach

i 60-70% confluence. The cryopreservation medium should

i be defined, serum-free, and specifically designed for

i hPSCs. The volumes provided below are for 6-well plates

i and should be adjusted for other cultureware sizes.

: BEFORE START:

i e Aliquot and pre-warm all necessary solutions to 37°C.

BEFORE START:

e Coat cultureware with Biolaminin 521. If cell number
is uncertain, use a 6-well plate. Scan the QR code
“Coating Cell Cultureware” for detailed instructions.

e Aliquot and pre-warm all required solutions to 37°C
before starting.

Follow the manufacturer’s instructions for handling the
cryopreservation medium.

e Prepare and label cryovials for storage.

Carefully remove excess Biolaminin coating solution and

immediately add 2 mL of fresh culture medium per well. :

Equilibrate at 37°C, 5% CO., and 95% humidity.
e The coating does not require washing before use.
3 Ensure the coated surface does not dry out.

Quickly thaw cells in a controlled manner (in water bath or
similar) until only a small frozen pellet remains.

Wipe of the tube with sterilizing agent before transfer into  :
lamininar flow hood. Transfer the dells from the cryovialto a :
15 ml conical tube. :

Slowly add 5-7 mL of pre-warmed culture medium to
the tube. Centrifuge at 100 x g for 4 minutes at room
temperature (15-25°C).

Discard the supernatant and gently resuspend the cell pellet
in 1-2 mL of fresh, pre-warmed culture medium. :

Count the cells (if applicable). Transfer the required number :
of cells to Biolaminin 521-coated wells. :

*  Foraé-well plate, approximately 1 million cells per well in 2 mL of
medium is recommended (adjust for other plate sizes).

Place the plate in the incubator and gently rock to distribute
cells evenly. :
E Maintain the cells at 37°C, 5% CO,, and 95% humidity.

Perform a medium change after 24-48 hours, then continue :
daily feeding.

Aspirate the medium and gently rinse each well with 1 mL
DPBS (without Ca%*/Mg?*).

e DPBS without Ca- and Mg-ions should be used as divalent
cations can interfere with some dissociation reagents.

Add 1 mL/well of the chosen dlssomatloh“Nr;;é;nui':m(;;;.:.
TrypLE™, Accutase, EDTA) and incubate at 37°C for 3-6
minutes.

. The incubation time depends on the cell line, dissociation
reagent, laminin coating concentration, and cell confluence.

Aspirate the dissociation solution and add 1-2 mL/well of
pre-warmed fresh medium. Gently pipette 2-4 times to
create a single-cell suspension or small aggregates.

®  Minimize mechanical force to preserve cell viability. If needed,
extend incubation time instead.

Transfer the suspension to a 15 mL conical tube and
centrifuge at 100 x g for 4 minutes at room temperature
(15-25°C).

Aspirate and discard the supernatant. Gently resuspend
the pellet in 2 mL of cryopreservation medium. Count the
cells (if applicable) and transfer 0.5-1 mL of cell suspension
(0.5-1 x 10° cells/mL) into each cryovial.

Freeze cells using a standard slow-rate controlled protocol
(approx. -1°C/min at -80°C overnight). Transfer and store at
-135°C to - 180°C.
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Biologically relevant cell culture substrates for
different cell applications

In addition to pluripotent stem cells, many other cell types rely on laminin-rich basement membranes for survival and
function. BioLamina's full-length human recombinant laminin matrices mimic this role, providing a chemically defined and
consistent environment for streamlined differentiation and maturation of various tissue-specific cells such as pancreatic
islets, cardiomyocytes, neurons, and endothelial cells.

BioLamina "

Human pluripotent stem cell culture

Robust derivation, reprogramming, expansion, and
differentiation of human ES and iPS cells under
completely chemically defined, feeder-free and an-
imal origin-free conditions on Biolaminin 521.
Biolaminin 521 also increase the survival and ex-
pansion of single cells at clonal densities.

Hepatocyte differentiation and maturation
Biolaminin 521 and 111 support efficient specifica-
tion and maturation of hESC-derived hepatocytes
with significantly increased metabolic activity and
functional organization.

Culture beating cardiomyocytes

Chemically defined isolation, expansion, and dif-
ferentiation of primary cardiac progenitors and
hPSCs-derived cardiomyocytes is improved with
cardiac laminins 521,221 and 211.

Maintaining endothelial cells in culture
Efficient differentiation of hESC to endothelial pro-
genitor cells using Biolaminin 521. Human endo-
thelial progenitor cells can also efficiently be main-
tained on endothelial-specific laminin.

L

N Keep in touch
E-mail sales@biolamina.com

O® 00

BioLamina AB
Lofstréms allé 5
172 66 Sundbyberg, Sweden

RPE and photoreceptor cell culture
Culture retinal pigmented epithelial (RPE) cells,
photoreceptors and other retinal cells on lami-
nin isoforms 521, 511, 332 and 111, expressed
in Bruch’s membrane and the neuroepithelium.
Biolaminin 521 supports the efficient production
of functional hESC-RPE cells.

Pancreatic p-cells islets

Efficient differentiation and functional maturation
of stem cell-derived pancreatic islets on pancre-
as-specific Biolaminin 521,511, 421, and 411.

Skin and hair culture

Laminin 332 and 511 are enriched in epithelial
basement membranes and influence the prolif-
eration and migration of keratinocytes during
wound healing. Laminin 332 and 511 are the ma-
jor laminin of the hair follicle.

Cell culture of neural cell lineages

Cell culture of dopaminergic neurons, neural
stem cells, motor neurons and other nerve cells
on their respective laminins increase adhesion,
neurite outgrowth, maturity, and functionality.

BioLamina Inc.,
One Broadway
MA 02142 Cambridge, USA

For more information, visit
www.biolamina.com
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