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Abstract

Type 1 collagen and Matrigel are gold standards for
3D cell culture and have recently been adapted for
3D bioprinting. However, there is still a knowledge
gap regarding the scalability of natural matrices
on bioprinted models for high-throughput spheroid
formation and migration. In this application note,
we demonstrate that type 1 collagen, in this case
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TeloCol®-10, supported breast cancer cell spher-
oid formation and migration with higher stability
over longer incubation times compared to Matrigel
under the same conditions. Although Matrigel is
the gold standard and promotes the growth and
migration of cells, droplets were easily detached
during media exchange and signs of degradation
were observed over time for the tested conditions.


https://advancedbiomatrix.com/telocol10.html
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Infroduction

Among the natural matrices, collagen and Matrigel
are considered gold standards for 3D cell culturing
because of their ability to simulate in vivo cell-
extracellular matrix (ECM) interactions. Matrigel
offers many of the advantages of collagen and other
natural hydrogels and has been used to study cell
migration, angiogenesis and tumor development
(Kleinman, 2005). It is derived from isolated ECM
from the Engelbreth-Holm-Swarm mouse sarcoma
and contains laminin, type 4 collagen, entactin, as
well as several growth factors, cytokines and many
other low abundant peptides/proteins, reaching
1851 proteins, identified by proteomics analysis
(Hughes, 2010). Besides Matrigel's versatility, there
are drawbacks that limit its use for drug discovery
and disease modeling, including high batch-to-batch
variation in composition (Hughes, 2010), tumor
growth factors/peptides that may not be optimal for
all organs or diseases (Mahoney, 2008), poor control
over mechanical properties, and heterogeneous
stiffness of samples (Reed, 2009).

Alternatively, collagen supports 3D cell culture
without the cancer-derived growth factors and
cytokines that Matrigel contains. Collagen is the

primary organic constituent of native tissues and
among the 29 identified types, type 1 collagen is
the most common (Shoulders, 2009). Due to their
structural properties, biocompatibility, permeability
and degradability, collagen-based hydrogels are ideal
for replicating tissue development, regeneration and
tumor biology (Sapudom, 2018).

TeloCol-10 contains 95% of type 1 collagen and 5%
of type 3 (both of bovine origin). It preserves the
telopeptide regions, resulting in increased stiffness,
which offers more stability within the culture than
atelocollagen (without the telopeptide).
stable hydrogels may benefit applications such as
droplet-based spheroid formation and migration

More

assays, which require longer incubation times as
cellular behavior is monitored for several days before
and after the addition of drugs. Furthermore, by
changing TeloCol-10 concentration, its stiffness
can be modulated to mimic different physiological
Other

stiffness of breast cancer stroma to be around 400

conditions. studies have estimated the
to 1500 Paq, while normal breast tissue is around 150
Pa (Cox, 2011), similar values were obtained for 6 mg/
mL (1200 Pa) and 4 mg/mL (=230 Pa) of TeloCol-10
(Figure 1). Matrigel reached only 50 Pa when diluted
to 6 mg/mL (Slater, 2027).
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Figure 1. Storage modulus of TeloCol/-70 diluted to 6 and 4 mg/mL.
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The 3D bioprinting revolution has made it possible
to create reproducible 3D models in microplates
(Blanco-Fernandez, 2021). However, there is still more
to learn about the scalability and stability of natural
matrices on bioprinted droplets for high-throughput
spheroid formation and migration, and their use in
drug discovery and tumor biology research.

In this application note, we compared the influence of
type 1 collagen (TeloCol-10) and Matrigel on spheroid
formation and migration of the breast cancer cell line
MDA-MB-231, which is commonly used to model late-
stage breast cancer because of its invasiveness.

We bioprinted droplets of cell-laden TeloCol-10 or
Matrigel and monitored spheroid formation over 5
days using CYTENA's CELLCYTE X™ live cell imaging
system, which was also used to monitor the migration
of cells from the inner core to the outer cell-free layer
of bioprinted droplet-in-droplet structures (Figure 2).
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Figure 2. General workflow for TeloCo/-70 or Matrige/ 3D bioprinting of spheroid (droplet) and migration

(droplet-in-droplet) models and analysrs.
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Materials and methods

Cell culture

MDA-MB-231 (ATCC, HTB-26) mCherry-tagged
cells were cultured in complete Dulbecco's Modified
Eagle Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 1% penicillin/strep-
tomycin at 37°C with 5% CO2 and 95% humidity.
Cells were kept in monolayer culture prior to being
embedded in TeloCol-10 (Advanced BioMatrix,
5226-20ML) or Matrigel (Corning, 354234). Cell
suspensions with viability higher than 90% were
used for bioprinting. The final cell concentration
after mixing with TeloCol-10 or Matrigel was 4x10¢
cells/mL.

Preprinting preparation

For each hydrogel, two different concentrations
were used: 6 mg/mL for the spheroid formation
assay and for the inner droplet in the migration
assay, and 4 mg/mL for the outer droplet in the
migration assay. All materials were kept on ice
prior to the homogenization steps.

To obtain a final concentration of 4 and 6 mg/
mL from TeloCol-10 (10 mg/mL), the solution
was neutralized and diluted according to the
manufacturer's protocol. The Matrigel (10.3 mg/
mL) was only diluted using cell suspension. The
hydrogel was mixed with the cell suspension using
two 3 mL syringes, mixing back and forth 30 times.

Bioprinting protocol

The syringes containing TeloCol-10 or Matrigel
with cells were capped with 22G conical nozzles
and loaded into a custom biodispenser developed
internally at CELLINK with a precooled printhead
(2°C) and with a thermal insulator attached to it.
A tissue culture-treated 96-well plate (Corning,
3599) was attached to the printbed. For the
spheroid assay, 1uL droplets were printed with cells
embedded in 6 mg/mL of TeloCol-10 or Matrigel.
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For the migration assay, 1 uL droplets were printed
with cells embedded in 6 mg/mL of TeloCol-10
or Matrigel. After the droplets were printed, the
plate was immediately placed in a 37°C humidified
incubator for approximately 15 minutes for thermal
crosslinking of TeloCol-10. The Matrigel plate was
incubated for 25 minutes. After gelation of the first
droplet, the outer droplet (5 uL) was printed with 4
mg/mL of TeloCol-10 or Matrigel and the thermal
gelation inside the incubator was repeated. 300 pL
medium was added to each well, and the constructs
were incubated until downstream analysis. Half of
the medium was replaced with fresh medium every
3 days.

Live cell imaging

The CELLCYTE X is a high-throughput live cell
imaging system (with 3 fluorescence channels
as well as bright-field) that can monitor cell
viability in real time for long-term incubation. We
implemented the spheroid analysis mode, which can
be adapted to the collagen- or Matrigel-embedded
cells. After adding medium to the printed droplets,
the well plate was placed inside the CELLCYTE X
and incubated for 30 minutes before imaging was
CELLCYTE
Studio was set to capture every well in bright-field

started to minimize condensation.

and red fluorescence at 4x magnification every 3
hours for 5 days.

Analysis

For the spheroid formation assay, the total red
fluorescentdatawascompiled. Theredfluorescence
at specific time points was normalized to the initial
red fluorescence at time O. This normalization made
it possible to compare the collagen and Matrigel
results. While 59 droplets were analyzed for
TeloCol-10, 52 droplets were analyzed for Matrigel.
The migration assay was analyzed by comparing
different migration patterns from TeloCol-10 or
Matrigel-embedded cells in 12 constructs each.

High-throughput Spheroid Formation and Migration with TeloCol-10 4 ¥



Relative flourescence (Ft/Fi)

APPLICATION NOTE

Results and discussion

Bioprinting of tumor spheroids

One of the simplest bioprinted models consists of
cells embedded in hydrogel droplets dispensed in
well plates, where cells aggregate spontaneously
into spheroids. Here, we used the MDA-MB-231
mCherry-tagged breast cancer cells embedded in
TeloCol-10 or Matrigel at 6 mg/mL with 4x10¢ cells/
mL, bioprinted as 1 pL droplet in 96-well plates.
From day 1 to 5, droplets were imaged with the
CELLCYTE X, which captured bright-field and
red fluorescent images at 4x magnification. The
breast cancer cells grew consistently in TeloCol-10,
forming aggregates and spheroids after day 3, and
maintained consistent growth until day 5 (Figure
3A). In Matrigel (Figure 3B), the cells aggregated
into spheroids by day 2.

Starting on day 3, the Matrigel droplet started to
degrade at the edges, pushing the cell clusters to
the center while leaving the cells growing on the
well plastic. On day 4 and 5, all small spheroid
clusters had merged into a large central cluster,
while the cells attached to the flask had overgrown
and occupied most of the well area. Interestingly,
the red fluorescence captured every 3 hours
through the entire process showed that the cells
in Matrigel and TeloCol-10 grew at the same rate
(Figure 4).

For drug testing protocols, cells are typically
treated 3 to 7 days after printing, when 3D
structures are formed. Here, we demonstrated
that the TeloCol-10 had more stability for this
specific setup. To further evaluate the influence

of Matrigel or TeloCol-10 in more complex cellular
models, we adapted a migration protocol using
two different hydrogel stiffnesses.

Figure 3. Representative pictures of live MDA-MB-237 mCherry (red) embedded in A) TeloCol-10 (6 mg/mL), or B) Matrige! (6 mg/
mlL) bioprinted in 7yl droplets. Cells were monitored for 5 days using the CELLCYTE X system (4x, bright-field and red fluorescence).

Spheroids were formed on both hydrogels while droplet degradation was only evident in Matrigel after doy 3.
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Figure 4. Relative red fluorescence analysis of
7eloCo/-70 (6 mg/mL) and Matrige/ (6 mg/mL)
droplets containing MDA-MB-237 mCherry cells.
Cells were monitored from days 7 to 5 by the
CELLCYTE X system, where images were acquired
at 4x magnification using bright-field and red
fluorescence. Relative fluorescence (Ft/Fi). Ft:
Jotal red fluorescence at specific time; Fi: total red

fluvorescence ot time O.
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Cancer cell invasion in different matrices

We adapted a previously tested droplet-in-droplet
method to study the influence of different hydrogel
concentrations. The assay entails a central core
droplet embedded with cells, covered by a cell-free
outer droplet (Takata, 2009; Zaman, 2006). In this
assay, we bioprinted 1 pL droplets of TeloCol-10 (6
mg/mL) or Matrigel (6 mg/mL) containing 4x10¢
cells/mL into 96-well plates to create the central
core embedded with cells. After polymerization
of the first droplet, the second cell-free droplet of
TeloCol-10 (4 mg/mL) or Matrigel (4 mg/mL) was
printed over the core droplet. The migration model
was tracked with the CELLCYTE X every 3 hours
for 9 days (Figure 5).

The initial migration of cells out of the inner
droplet to the cell-free outer droplet for TeloCol-10
and Matrigel could be observed after 3 days
and was followed by a massive migration on
subsequent days. Furthermore, degradation of
the inner layer as the cells migrated out enabled
the central formation of spheroid clusters, like the
degradation observed in the spheroid model. On
day 7, the outer layer of Matrigel also started to
degrade and contract, moving to the same central
area and leaving a track of cells attached to the
bottom of the well. Overall, we were able to track
the migrating cells in the TeloCol-10 model for up
to 9 days, while cells in the Matrigel model had
reached the border of the outer layer on day 7.

Figure 5. Droplet-in-droplet mode/ for cancer cell migration. The inner core contains live MDA-MB-237 mCherry (4x70° cells/mL in red)
embedded in A) TeloCol-70 (6 mg/ mL) or B) Matrige/ (6 mg/mL) in 7yl droplets followed by 5 ul cell-free TeloCol-710 or Matrige/ (4 mg/
mL) covering the inner droplet. Cells were monitored for 9 days by the CELLCYTE X system (4x bright-field and red fluorescence). Droplet

degradation was evident only in Matrigel.
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Degradation of Matrigel

The Matrigel degradation observed in both the
spheroid formation and migration assay has been
linked to proteolytical digestion by the growing
cells (Lee, 2007; Albini and Benelli, 2007). The small
droplet volume of 1 uL, the hydrogel concentration
of 4 to 6 mg/mL and high cellular concentration
could also have contributed to this degradation.
When used in thin layers, Matrigel has been
shown to form abnormal structures and exhibit a
tendency for cells to grow as monolayers (Belfiore,
2021). In addition, Matrigel also has variations in
protein and growth factor composition that have
been shown to affect mechanical properties of
the gel, cell growth, migration and experiment
reproducibility (Caliari, 2016; Aisenbrey, 2020;
Morales, 2021). In previous experiments, Matrigel
droplets have detached from the bottom of the
well during the changing of medium or when drugs
are added (data not shown), while TeloCol-10
droplets steadily adhered to the center of the well.

Conclusion

= TeloCol-10supportsbothbreastcancerspheroid
formation and migration with similar growth rates
as Matrigel at the same concentrations.

=  Matrigel at 6 mg/mL presented degradation
after 4 days in the tumor spheroid assay, and after
6 and 7 days for inner (6 mg/mL) and outer droplets
(4 mg/mL) in the cancer cell migration assay. The
TeloCol-10 showed no sign of degradation in either
assay.

= High-stiffness collagen in TeloCol-10 keeps the
droplet structure stable over longer incubation
times and contains fewer growth factors than
Matrigel, which makes TeloCol-10 the better choice
for high-throughput bioprinting.
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One of the main contributing factors to the
stability of TeloCol-10 is the moderate stiffness
(1.2 kPa) achieved when diluted from 10 mg/mL
to 6 mg/mL, compared to the 50 Pa reached by
polymerized Matrigel at the same concentration
(Slater, 2021). TeloCol-10 preserves the telopeptide
regions of collagen, which offer an additional
crosslinking point between fibers and result in
increased stiffness (Woodley, 1991). Furthermore,
TeloCol-10 has more than 99% purity while Matrigel
is known to have multiple active growth factors,
which may influence cellular activity, requiring
users to use caution when interpreting the latter
(Vukicevic, 1992).
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