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SUMMARY:

The goal of this protocol is to establish a 3D in vitro model to study the differentiation of cancer-
associated fibroblasts (CAFs) in a tumor bulk-like environment, which can be addressed in
different analysis systems, such as immunofluorescence, transcriptional analysis and life cell
imaging.

ABSTRACT:

Defining the ideal model for an in vitro study is essential, mainly if studying physiological
processes such as differentiation of cells. In the tumor stroma, host fibroblasts are stimulated by
cancer cells to differentiate. Thus, they acquire a phenotype that contributes to the tumor
microenvironment and supports tumor progression. By using the spheroid model, we have set
up such a 3D in vitro model system, in which we analyzed the role of laminin-332 and its receptor
integrin a3pB1 in this differentiation process. This spheroid model system not only reproduces the
tumor microenvironment conditions in a more accurate way, but also is a very versatile model
since it allows different downstream studies, such as immunofluorescent staining of both intra-
and extracellular markers, as well as deposited extracellular matrix proteins. Moreover,
transcriptional analyses by qPCR, flow cytometry and cellular invasion can be studied with this
model. Here, we describe a protocol of a spheroid model to assess the role of CAFs’ integrin o331
and its ectopically deposited ligand, laminin-332, in differentiation and in supporting the invasion
of pancreatic cancer cells.

INTRODUCTION:
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The tumor microenvironment is a very complex niche and extremely important for the
maintenance and progression of the tumor cells. It is formed not only by the cancer cells but
also by stromal fibroblasts. The tumor cells are surrounded by a stroma that is specific and
different from the stroma of normal tissues?. Laminin-332 is an extracellular matrix protein
ectopically expressed in the stroma of different tumors, such as of pancreatic adenocarcinoma?3.
Moreover, the biochemical composition of the ECM and also its biophysical properties, such as
rigidity and tension, change within the tumor bulk?. This tumor stroma, or “reactive stroma”, is
caused by an adaptation of fibroblasts to the neighboring cancer cells and by the recruitment of
other very important players that develop a favorable and supportive environment for tumor
progression. The differentiation of stromal fibroblasts results in cancer-associated fibroblasts
(CAF). These cells can be identified using different markers such as a-smooth muscle actin
(aSMA)® or neural/glial antigen 2 (NG2)°®.

The most suitable in vitro model to recapitulate the tumor microenvironment (TME) with CAFs is
difficult to select. The method to mimic physiological parameters of the TME in a cost-efficient
and reproducible way must be considered for such a model system. Within the TME, different
processes, such as proliferation, differentiation, migration and invasion of the different cell types
occur. These cellular processes can be performed individually with different methods. However,
the experimental conditions must consider the cellular interactions with the tumor stroma ECM,
since the stiffness of the substratum influences the CAF differentiation process. R.G. Wells
commented on the impact of matrix stiffness on cell behavior and highlighted that cytoskeletal
organization and differentiation status observed in in vitro cultured cells might be artefactual’.
Different stimuli seem to be involved in CAF differentiation, including mechanical tension>’. To
avoid this, 2D soft substrates could be possible approaches for differentiation studies, as they
circumvent the problem of the stiff culture dish plastic. A soft 2D surface, on which fibroblasts
can be grown, can be collagen-I coated polyacrylamide gels, whereby the gel stiffness can be
manipulated by the concentration of polyacrylamide and the gel cross-linker. The adhesion and
formation of aSMA-rich stress fibers are enhanced in fibroblasts along with the gel stiffness?.
These results stress the importance of soft substrate scaffolds for more physiological in vitro
differentiation models. However, in our hands the experimental reproducibility and imaging of
these gels were challenging. To overcome these shortcomings, we changed the 2D soft substrate
system for a 3D spheroid model for differentiation and invasion studies. This model is more
clinically relevant and, similar to an in vitro organoid, recapitulates in vivo cell-cell interactions,
ECM production and deposition, as well as cell behavior®.

Spheroids are formed when cells lack a substrate to adhere to. When the cells are left without
an adhesive surface, they aggregate to form a more or less spherical structure. If the spheroids
are composed of one type of cell, they are called homospheroids; if composed of two or more
different cell types they form heterospheroids.

Among the different methods for spheroid preparation, we perform the protocol using non-
adherent round bottom 96-well plates. It is very effective with respect to the costs. Here, we
produce both homospheroids of fibroblasts, CAF or CAFs lacking the integrin o3 subunit to
examine the differentiation process and heterospheroids of CAFs or integrin a3 KO CAFs and
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pancreatic duct carcinoma cells (AsPC-I and PANC-I) to study the invasion into the surrounding
matrix.

The aim for these studies was to use primary CAFs isolated from human pancreatic carcinoma
biopsies. However, the biopsies to obtain the cells are scarce and for this reason, the CAFs used
in these studies have been immortalized using lentivirus containing HTERT. They are called iCAFs,
and their normal counterparts, primary human pancreatic fibroblasts, are termed iNFs. The
human pancreatic fibroblasts and the pancreatic duct carcinoma cells, AsPC-1 and PANC-I, are
commercially available.

This protocol was used to study the effect of the laminin-332-integrin interaction in the CAF
differentiation process. To prove specificity of this interaction and its function, inhibitor
compounds were used: BM2, a monoclonal antibody that blocks the integrin binding site the
laminin-332 a3 chain'®, or lebein 1, a snake venom derived compound that blocks the laminin-
binding integrins a3B1, a6Pp1 and o712,

For the invasion assay, cells had been transduced with lentivirus containing cDNA encoding either
mCherry (iCAFs and integrin a3 KO iCAFs) or GFP (AsPC-l and PANC-I) to distinguish the different
cell types in the heterospheroids. The transduction of the cells to immortalize them and/or to
label them with fluorescent protein (mCherry and GFP) expression is described in a previous
study?'3, that should be consulted for further information.

PROTOCOL:

1. 3D spheroids as an in vitro model for fibroblast/CAF differentiation using different TGF-1
inhibiting compounds of cell-matrix interaction

1.1. Mix 1 part of 6 mg/mL methylcellulose solution and 3 parts of cell culture media, MEM
supplemented with 1% of heat-inactivated fetal bovine serum (FBS) and 1%
penicillin/streptomycin to obtain the spheroid formation solution.

1.2. Resuspend freshly thawed immortalized normal fibroblasts (iNFs), immortalized CAF (iCAFs)
or integrin o331 KO iCAF (passage up to 25) in the spheroid formation solution. If preparing one
96 well plate, prepare an excess of spheroid formation solution, 10 mL and add 75,000 cells,
keeping in mind that each spheroid is composed by 750 cells, and that 100 pL are distributed per
each well of the plate.

1.3. If cytokines or integrin inhibitors are included in the study, add these compounds to the cell
suspension, in order to embed them into the spheroids during their formation. Note that iNFs
are stimulated with 10 ng/mL of TGF-B1 in order to trigger differentiation. Where appropriate,
add inhibitor compounds together with TGF-31, such as 20 ug/mL BM2 or 10 pg/mL of lebein 1.
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1.4. Prepare CAF homospheroids in the same way but without the TGF-B1 stimulus, since they
are already differentiated. Prepare the integrin a3 KO CAF homospheroids without the addition
of any compound.

1.5. Distribute the spheroid formation solution onto a round bottom 96 multi-well plate by
adding 100 uL of the solution in each well. Every time the spheroid solution is distributed in the
wells, mix well by pipetting up and down, several times.

1.6. Place the plate in the cell culture incubator for 24 h to allow one spheroid to be formed in
each well.

1.7. Collect the spheroids after about 24 h and use them for different downstream purposes:
immunofluorescent staining, real time (RT) g-PCR and flow cytometry. To detect expression of
intra- and extracellular antigens, including deposition of ECM proteins within the spheroid, use
immunofluorescent staining. After disintegration of spheroids into single cells, quantify
membrane-anchored receptor by flow cytometry. To detect gene activation and transcriptional
changes, use RT g-PCR of mRNA isolated from the spheroid cells.

2. Immunofluorescent staining of spheroids

2.1. Collect the spheroids after about 24 h into one 1.5 mL reaction tube per experimental
condition or per protein to be analyzed. For example, place the spheroids of iNFs stimulated with
TGF-B1 in a tube different from the control iNFs, which were not treated. To avoid rupture of
spheroids due to too strong shear forces, cut the end of the pipette tip to enlarge the orifice.
Include at least 5-10 spheroids in one reaction tube, to allow replicates and take into account the
possible losses during the washing steps.

2.2. Centrifuge the spheroids with a bench top centrifuge for about 30-60 s at 1,000 x g. Carefully
remove the methylcellulose-containing supernatant by pipetting, without disturbing the pelleted

spheroids.

2.3. Wash with 50 pL of 1x PBS. Repeat the centrifugation step and carefully remove the PBS by
pipetting, as described in 2.2.

2.4. Depending on the protein to be stained, fix with 50 pL of 4% paraformaldehyde in PBS for 20
minutes at room temperature (for aSMA, NG2 and integrin a31) or with 50 uL of methanol for
10 min at -20 °C (for laminin-332 subunits).

2.5. Repeat the washing step as explained in steps 2.2-2.3.

2.6. Permeabilize the cells with 0.1% Triton-X in PBS for 4 min at room temperature.

2.7. Repeat the washing step as explained in steps 2.2-2.3 three times.
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2.8. Incubate the spheroids in PBS containing 5% FBS and 2% BSA, for 1 h at RT to block non-
specific protein interaction sites.

2.9. Incubate the spheroids with 30 pL of primary antibodies in PBS, 2.5% FBS and 1% BSA at 4 °C
overnight. The following primary antibodies were used: anti-aSMA Cy-3 conjugated and anti-NG2
at 5 ug/mL; BM2 anti-laminin a3, 6F12 anti-laminin 33 and anti-laminin y2 20 pg/mL.

2.10. Repeat the washing step as explained in steps 2.2-2.3 three times.

2.11. Incubate the spheroids with 30 pL of secondary antibodies in PBS, 2.5% FBS and 1% BSA at
RT for 90 min. The following secondary antibodies used were: Alexa 488 anti-rabbit and anti-
mouse (5 pug/mL).

2.12. Repeat the washing step as explained in steps 2.2-2.3 three times.

2.13. Incubate the cells with 30 uL of DAPI staining solution for 4 min at room temperature.
2.14. Repeat the washing step as explained in steps 2.2-2.3.

2.15. Place the spheroids on a glass slide, in a drop of PBS, using a glass Pasteur pipet.

2.16. Image the spheroids by fluorescence microscopy in a laser scanning microscope using a
magnification of 10x. Take different optical cross-section of the spheroid at different optical
planes of a z-stack (15-20 stack planes). To establish the laser settings in the microscope, use a
spheroid composed of cells negative for the antigen of interest or a spheroid stained only with
the secondary antibody. Reuse the same settings for all the samples that will be compared.

2.17. Analyze the microscopic images with ImageJ software as published previously!4. The steps
are summarized in Supplemental Figure 1. As background, determine the integrated signal
density of a cell-free region of interest (ROI). Calculate the total corrected cell fluorescence (TCCF)
as:

TCCF = integrated signal density — (area of selected spheroid X
mean fluorescence of the background) (Equation 1)

2.18. Determine the total corrected fluorescence (TCF) of the spheroids as the TCCF normalized
to the area of spheroid and the number of stacks.

TCCF of spheroid
area of spheroids Xxnumber of stacks

TCF = (Equation 2)

3. RT g-PCR of homospheroids
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3.1. To perform RT-qPCR, collect at least 288 spheroids (corresponding to three 96-well plates)
into a 50 mL reaction tube. Centrifuge for 5 min at 1,000 x g and carefully remove the
methylcellulose-containing supernatant by pipetting without disturbing the pelleted spheroids.

3.2. Wash with 1 mL of 1x PBS and transfer the spheroids to a 1.5 mL reaction tube. Centrifuge
the spheroids with a bench top centrifuge for about 30-60 s at 1,000 x g. Carefully remove the
PBS by pipetting, without disturbing the pelleted spheroids.

3.3. Dissociate the spheroids with 250 pL of 4 mg/mL collagenase B, 50 pug/mL DNase |, 2% BSA,
1 mM CaCl, in PBS at 37 °C for about 30-45 min by gently vortexing and pulsing intermittently for
a few seconds every 5 min.

3.4. Repeat the washing step as explained in step 3.2.

3.5. Isolate the total RNA from the cells of disintegrated spheroids using a commercial RNA
isolation kit, according to the manufacturers’ instructions.

3.6. Reverse transcribe the isolated mRNA into ¢cDNA with a commercial kit, according to
manufacturers’ instructions.

3.7. Quantify the transcription levels in replicates by real-time PCR. The primers used were: a-
SMA: Fw 5’-CCGACCGAATGCAGAAG GA-3', Rev 5' ACAGAGTATTTGCGCTCCGAA-3'%>; Laminin a3
chain: Fw 5-GCTCAGCTGTTTGTGGTTGA-3’, Rev 5'-TGTCTGCATCTGCCAATAGC-3'%®; Laminin B3
chain: Fw 5'-GGCAGATGATTAGGGCAGCCGAGGAA-3’ Rev 5'-
CGGACCTGCTGGATTAGGAGCCGTGT-3'Y; Laminin y2 chain: Fw 5'-GATGGCATTCACTGCGAGAAG-
3’ Rev 5-TCGAGCACTAAGAGAACCTTTGG-3' 16; NG2: Fw 5'-CTGCAGGTCTATGTCGGTCA-3' Rev 5'-
TTGGCTTTGACCCTGACTATG-3'%8; integrin a3 subunit: Fw 5’-AGGGGACCTTCAGGTGCA-3’ Rev 5'-
TGTAGCCGGTGATTTACCAT-3'Y%;  TOP-1: Fw 5'-CCAGACGGAAGCTCGGAAAC-3' Rev 5'-
GTCCAGGAGGCTCTATCTTGAA-3'2°,

3.8. Correct the Ct values for the Ct-value of an endogenous reference gene such as TOP-1 using
the equation: 2-22¢t, AACt = ACt (target sample) — ACt (reference sample) and ACt= Ct of target
gene or reference gene — TOP-I.

4. Flow cytometry analysis of integrin expression

4.1. For flow cytometric analysis, collect at least 288 spheroids (corresponding to three 96-well
plates) into a 50 mL reaction tube. Centrifuge for 5 min at 1,000 x g and carefully remove the
methylcellulose-containing supernatant by pipetting.

4.2. Wash with 1 mL of 1x PBS and transfer the spheroids to a 1.5 mL reaction tube. Repeat the
centrifugation step and carefully remove the PBS by pipetting.

4.3. Dissociate the spheroids as described in step 3.3.
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4.4. Repeat the washing step as explained in step 4.2.

4.5. To block non-specific binding sites and to prevent binding of detection-relevant antibodies
to Fcy-receptors (CD16, CD32, and CD64), incubate the cells in 100 pL of PBS containing 2% horse
serum (or serum of another animal species, the antibodies of which will not be used in the
experiment) and 0.1% BSA for 20 min at 4 °C with rotation.

4.6. In case of staining intracellular markers, fix/permeabilize the cells as described under step
2.2-2.5.

4.7. Incubate the cells with the primary antibodies in 100 pL of PBS containing 2% horse serum
and 0.1% BSA for 30 min at 4 °C with rotation. Dilute the primary antibody to 10 pug/mL.

4.8. Wash with 100 L of PBS + 0.1% BSA three times, with centrifugation steps in the top bench
centrifuge at 1,000 x g in between.

4.9. Incubate the cells with the secondary antibodies in 100 pL of PBS containing 2% horse serum
and 0.1% BSA for 30 min at 4 °C with rotation. Dilute secondary antibody to 10 pug/mL.

4.10. Repeat the washing step as explained in step 4.7.

4.11. Analyze 2.0 x 10% stained cells in a flow cytometer. Gate for single live cells via the FSC-SSC
dot plot and analyze the fluorescence of the gated cells on the channel appropriate for the
selected fluorophore.

5. Invasion assay using heterospheroids

5.1. Prepare the spheroid formation solution for heterospheroids, containing the different cell
types and corresponding mediums, as summarized in Table 1. The cells had previously been
transduced with lentivirus containing vectors for either mCherry or GFP expression.

5.2. Fill 100 uL of the spheroid formation solution in each well of the plate and incubate the plate
in the cell culture incubator for 24 h to allow one spheroid to be formed in each well.

5.3. Prepare 60 pL of gelatinous matrix mixture containing 2 mg/mL of rat tail collagen |, 30% of
commercial gelifying matrix and 2.5 pg/mL of laminin-332 in a 1.5 mL reaction tube. Rapidly
distribute 15 pL in 3 wells of the p-slide angiogenesis chamber. Embed one spheroid in each well
already containing the gel.

5.4. If necessary, rapidly adjust the location of the spheroid to the center of the well with a
pipette under the microscope.

5.5. Repeat steps 5.2-5.3 for the next heterospheroids and repeat again for the homospheroids.
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5.6. Incubate the gels in the incubator for 1 h to solidify and, then, gently overlay the gels with
cell culture medium.

5.7. Image the spheroids by fluorescence microscopy in a laser scanning microscope. Take
different optical cross-section of the spheroid at different optical planes of a z-stack and at
different time points of invasion (e.g., 0 h, 24 h, 48 h and 72 h).

5.8. Analyze the images by counting the number of invading cancer cells. Invading cells are those
ones that have left the spheroid and entered the invasive area. The invasive area is defined as
the ring area between the outer and inner perimeters given by the furthest invaded cell and by
the spheroid border of the spheroid at the beginning of the invasion experiments, respectively,
as outlined in Supplemental Figure 2.

REPRESENTATIVE RESULTS:
The results of this experimental design are published in Martins Cavaco et al.3, which is
recommended for further reading on the conclusions that were drawn from these experiments.

Figure 1, a representative image of an immunofluorescent spheroid, shows the immunostaining
of the integrin a3 subunit of both immortalized normal fibroblasts and immortalized CAFs (Figure
1A), as well as the immunofluorescence quantification (Figure 1B) and the transcriptional levels
of the integrin a3 subunit gene by qPCR (Figure 1C). This panel of results demonstrates that
integrin a3 is up-regulated in iCAFs, as compared to the normal counterpart. This proved that
integrin .31 can be considered a marker for pancreatic fibroblasts differentiation. This was also
demonstrated by flow cytometry studies?3.

FIGURE AND TABLE LEGENDS:

Figure 1. Expression of integrin a3 subunit by iNFs and iCAFs. The integrin a3 subunit is
upregulated by iCAFs, reflecting its potential as a differentiation marker for pancreatic CAFs. (A)
Immunofluorescent staining of homospheroids of normal pancreatic fibroblasts (iNFS) compared
to the homospheroids of iCAF shows an increased signal of the integrin a3 subunit in the
differentiated cells. (B) The fluorescence signal of the cells in the spheroid was quantified with
the Z-stack images of the 3D spheroid, using the Imagel software. Means + SEM of three
independent experiments are shown and compared by t-test (*, p < 0.1). (C) The cells obtained
from the dissociated spheroids were analyzed for their transcriptional levels of integrin a3
subunit. Means + SEM of AACt-values as fold changes from two independent experiments are
shown and compared by t-test. Although not reaching significance level of 0.1, the transcriptional
levels of integrin a3-encoding mRNA are higher in iCAFs than in iNFs.

Table 1. Cell composition of hetero- and homospheroids. The number of cells necessary to
assemble the hetero- and homospheroids as well as the corresponding medium which should be
used for the spheroid formation solution are summarized in the following table.
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Supplemental Figure 1. Sequential steps for quantification of the immunofluorescent staining
of a protein of interest in spheroids, using ImageJ.

Supplemental Figure 2. Sequential steps for quantification of the number of invading cancer
cells in the invasion assay, using Imagel.

DISCUSSION:

To develop an appropriate in vitro model to study CAF differentiation is a challenging task. After
employing different approaches, we concluded that a 3D spheroid model is the more practical,
physiological and clinically relevant model, in which the interplay between pancreatic carcinoma
cells with immortalized CAFs can be studied. This model prevented spontaneous differentiation
of fibroblasts, due to artefactual stressors such as stiffness of the cell culture plastic, at least in
short-term culture conditions (up to 48 h). Although the exact stiffness of the spheroid used in
these studies was not measured, Ito et al. evaluated the stiffness of human umbilical vein
endothelial cells and mesenchymal stem cell heterospheroids using a robot integrated
microfluidic chip?2. The average stiffness-index of the heterospheroids was measured 1 and 3
days after assembly. The size of the spheroids was different, the MSC seemed to increase their
aggregation capacity, which resulted in a decrease in size over time (from 135.5 um to 99.8
um)?L22, Consequently, the stiffness of the spheroid also increased from 5.0 x 1073 to 7.5 x 103
Pa?2. However, the stiffness of the spheroids composed of a heterotypic population of CAFs and
AsPC-I might possess mechanical properties and stiffness values different from the ones of
homospheroids made of a single population of fibroblasts/CAFs. This is still unknown and might
be different from what was described by Ito et al?2. The stiffness also depends on the amount
and cross-linkage of cell-produced and deposited ECM, on the different cell-cell interactions
within the spheroid, on the number of cells within the spheroid or on the duration of culture.

Like any other model, the experimental design involves some variables that need optimization
such as the number of cells necessary to form the spheroids, the time points of treatment and
microscopic imaging. The described experimental design was optimized with the aim of having a
spheroid size, which would have minimal influence in the diffusion of nutrients and oxygen, as
there is a diffusion limit due to mass transport limitations®. For example, the transport of oxygen
in spheroids with a size greater than 150-200 um is significantly affected, as well as the diffusion
of glucose and lactate, in aggregates bigger than 300 um®18, Spheroids with diameters larger than
400-500 pm usually present a concentrically layered structure consisting of a necrotic core
surrounded by a viable layer of quiescent cells and an outer rim of proliferating cells®?*. To avoid
the limited diffusion of compounds, and to eliminate the problem of the inaccessible spheroid
core, cells were treated with TGF-f1, BM2 and lebein-1 prior to spheroid formation, when the
cells are individually suspended in the spheroid formation solution. Moreover, to allow the
availability of oxygen and nutrients to most of the cells in the spheroid and to prevent the
formation of a necrotic core, the number of cells per spheroid was reduced to 750-1000 cells,
which form spheroids with a diameter of 140-200 pm.

It is important to thoroughly mix the different cell types in the spheroid formation solution, so
the spheroids are composed by approximately the same number of cells, avoiding significant size
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differences between the spheroids. Nevertheless, sometimes some spheroids can be slightly
bigger than the other and that will result in more Z-stacks acquired in the microscope. Some
spheroids might also deviate from the perfectly spherical form, but this is also taken in account
when the ROI of the spheroid is delineated. These differences of size and shape are accounted in
the normalized quantification values as explained in the next paragraph. Another important
factor regarding the shape of the spheroid is the cell type. For example, fibroblasts and CAFs form
spheroids with a nearly spherical form, while AsPC-I and PANC-I cells form a more disperse
aggregate of cells.

For imaging the spheroids, cryosections of fixed spheroids can also be used, however the integrity
of the spheroid may be compromised upon sectioning, depending on the cell type and the
immunostaining protocol. Alternatively, the staining of the whole spheroid in its 3D structure,
proved to be a simpler option. Acquiring microscopic Z-stacked pictures of the spheroid as a 3D
structure takes on average 5-15 min per spheroid.

The immunofluorescent signals in images of spheroids are difficult to quantify as they represent
planes of 3D structures. The method used was based on a previously described one, where the
authors extrapolated and considered the spheroid to be a cell*%. In this way, the fluorescence
signal is corrected using Equation 1.

As background, the integrated signal density of a cell-free region of interest (ROI) was
determined. The measured integrated signal density is the sum of the intensity values of the
pixels within the selected ROI. Since spheroids are 3D structures, confocal images from different
stacks are acquired. To process such images one can measure the fluorescent signal in each stack
individually or use the sum of all stacks into a Z-projection. All the quantifications can be
performed using Imagel. The total corrected fluorescence (TCF) of the spheroids is determined
as the normalized TCCF, considering the area of spheroid and the number of stacks, using
Equation 2. This accounts for the varying sizes of spheroids and the discrepancy in the spherical
shape. Analyzing the immunofluorescent staining of the spheroids using this method can take up
to 5 min per spheroid.

Similarly, invasion of cells from spheroids into the surrounding stromal matrix can be analyzed
by different algorithms. A straightforward method was previously described by Nowicki et al, in
which the invasive cancer cells were counted?. In order to discriminate the invasive cells from
the ones that do not invade, it is important to establish a spatial limit beyond which the cells are
considered to have left the spheroid structure. Therefore, the starting point is the limit that
corresponds to the perimeter of the spheroid images acquired at the initial time point (time 0),
when the spheroids were embedded into the gel. The cell that invades the gel the furthest is
considered the maximal distance an invasive cell can reach, and thus, it defines the outer rim of
the invasion region. This method counts the invasive cancer cells that are present in the invading
area, using the counting tool from ImagelJ, and the ROI corresponding to the spheroid at time 0
h is added to the ROl manager and then transposed to the image of the same exact spheroid
acquired 48 h or 72 h later. For this reason, it is important that the spheroid remains as close to
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the center of the planes as possible, during the different times of acquisition. Counting the
number of cells can take up to 5 min per spheroid.

Another important consideration is to distinguish the different cell types in the heterospheroid.
This can be performed using live cell fluorescent dyes, which can be problematic when the cell
type has a high cell division rate or if the experiment is to be performed for long periods of time.
The more robust and reliable way to distinguish the two different populations is to develop cell
lines expressing fluorescent proteins such as mCherry and GFP. The delivery of the expression
vectors can be performed using lentivirus, which results in stable expression of these proteins.
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Heterospheroids

Cells type (passage up to 25)

Number of cells

Medium (1 part methylcellulose +...)

mCherry-iCAFs + GFP-AsPC-I

mCherry-a3KO-iCAFs + GFP-
AsPC-|

mCherry-iCAFs + GFP-PANC-I

mCherry-a3KO-iCAFs + GFP-
PANC-I

400 CAF +400
pancreatic cancer cells

1,5 parts cell MEM with 10% of FBS
and 1% pen/strep + 1,5 parts of RPMI
with 10% of FBS and 1% pen/strep

1,5 parts cell MEM with 10% of FBS
and 1% pen/strep + 1,5 parts of
DMEM with 10% of FBS and 1%
pen/strep

Homospheroids

Cell type (passage up to 25)

Number of cells

Medium (1 part methylcellulose +...)

mCherry-iCAFs

mCherry-a3KO-iCAFs

GFP-AsPC-|

GFP-PANC-I

400 cells

3 parts MEM supplemented with 10%
of FBS and 1% pen/strep

3 parts RPMI with 10% of FBS and 1%
pen/strep

3 parts DMEM with 10% of FBS and
1% pen/strep
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4',6-Diamidino-2-Phenylindole, Dihydrochloride (DAISIGMA-ALDRICH

6F12 anti-Laminin B3 subunit Mouse (monoclonal)

A3IIF5 Anti-a3 integrin subunit Mouse (monoclonal)

Acetone

Albumin Fraction V - BSA

Alexa fluor 488 Goat (polyclonal) anti-Mouse
Alexa fluor 488 Goat (polyclonal) Rabbit
Anti-laminin y2 subunit Mouse (monoclonal)
Anti-NG2 Rabbit (polyclonal) Millipore, AB5320

Anti-a-SMA-Cy3 Mouse (monoclonal)

AsPC-1 cell line

Bench centrifuge

BM2 anti-laminin a3 subunit Mouse (monoclonal)

Calcium Chloride (CaCl,)

Centrifuge

Centrifuge tubes 50 mL
Collagenase B

Collagen-I, rat tail

Confocal microscope

DMEM (High glucose 4.5 g/L)

Dnase |
Flow Cytometer
Gelifying matrix

Goat IgG, isotype

SIGMA-ALDRICH
AppliChem
Invitrogen
Invitrogen
Santa Cruz
Millipore
SIGMA-ALDRICH
ATCC

Fisher Scientific

Fluka

Thermo Scientific
Corning

Roche

Gibco

Zeiss

Lonza

Roche

BD Biosciences

Catalog Number

D9542-10

32201
A1391
A11029
A11034
sc-28330
AB5320

C6198

50-589-620

21074

430290
11088831001

A10483-01

BE12-604F

10104159001

ThermoFisher Scien A1413202

DAKO

X 0907
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Horse Serum
Human Primary Pancreatic Fibroblasts

Incubator
Laminin-332
MEM

Microplate, 96 wells, U-bottom

Microscope Slides
Mouse IgG, isotype
Multi axle rotating mixer

PANC-I

Paraformaldehyde
Penicillin/streptomycin

QuantiTect Reverse Transcription Kit
Rat IgG, isotype

Reaction tubes, 1.5 mL

Real-time PCR cycler

RNeasy Mini Kit

Rotor Gene SYBR Green PCR Kit
RPMI

TritonX-100

Vortex

p-Slide Angiogenesis, uncoated

SIGMA-ALDRICH
PELOBiotech

Heraeus
Biolamina
SIGMA-ALDRICH

Greiner Bio-One

Thermo Scientific
SIGMA-ALDRICH
CAT

ATCC

Riedel-de Haén
Gibco

Qiagen
Invitrogen
Greiner Bio-One
Qiagen

Qiagen

Qiagen

Lonza

SIGMA-ALDRICH
Scientitic
Industries

Ibidi

12449-C

PB-H-6201

B6060

LN332

M4655

650101

J1800AMNZ

18765

RMS5 80V

16005
15140-122
205310
10700
616201

74104

204074
BE12-702F

X100RS

81501
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Kindly provided by Prof. Patricia Rousselle, CNRS, Lyon

Multifuge 1S-R

LSM 700 and 800

FACSCaliburTM

Matrigel, Geltrex
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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
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.

12. 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR
N :

ame Johannes A. Eble
Department:

Institute of Physiological Chemistry and Pathobiochemistry

Institution:

nstitution University of Minster
Title: Prof. Dr.
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1. Upload an electronic version 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 02140
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Dear Dr. Steindel,
Dear Editor,

— please find attached the revised version of our manuscript “3D spheroid model: leaving the 2D approach
behind and following a more physiological system for CAF differentiation and invasion in vitro studies”.

We acknowledge the accurate and helpful peer review comments. All suggestions and comments of the
reviewers have been addressed in the new version of our manuscript, which has improved thereby in its
solidity and significance. All alterations in the text are highlighted in bold as well as the part of the protocol
that is going to be included in the video.

Our point-to-point answers to all suggestions made by the reviewers are described below. We hope the
manuscript is now suitable for publication in JOURNAL OF VISUALIZED EXPERIMENTS.

Yours sincerely,

A

Ana C. M. Cavaco

Das Universitatsklinikum Minster ist zu erreichen mit den Buslinien Nr. 3, 4, 5, 11, 12, 14, 20, 34, R63, R64, 563 und 564.
Aufgrund der Parkplatzsituation raten wir von der Anreise mit dem Pkw ab.
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Rebuttal letter

Editorial comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues.

The text was proofread and we have hopefully corrected any spelling or grammar mistakes.

2. Please use American spellings (e.g., ‘tumor’, ‘favorable’).
The text was changed to American English.

3. Please ensure that the manuscript is formatted according to JoVE guidelines—letter (8.5” x 11”) page size,
1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within
paragraphs, and spaces between all paragraphs and protocol steps/substeps.

The manuscript was formatted according to the required guidelines.

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™),
registered symbols (®), and company names before an instrument or reagent. Please limit the use of
commercial language from your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials and Reagents.

For example: Sigma-Aldrich, Thermo Fisher, Peproech, Falcon, RNeasy, Quantitect, Quantifast, Matrigel,
etc.

All the references for commercial trademarks and company names were removed.

Protocol:

1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight
2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential steps of the
protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be
available to the reader.

The protocol encompasses about 6 pages and the steps that should be part of the video were highlighted in
bold, making up to approximately 2 pages.

2. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed?
Alternatively, add references to published material specifying how to perform the protocol action. If revisions
cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or
substeps.

Specific Protocol steps:

1. 2.2: What centrifuge speed (in x g)?

The relative centrifugal force (RCF) is 1000 x g. It was added to the text.

Figures, Tables, and Figure Legends:

1. Please remove the embedded figure from the manuscript. All figures should be uploaded separately to
your Editorial Manager account.

The figure was removed from the manuscript.

2. Please remove the embedded table(s) from the manuscript. All tables should be uploaded separately to

your Editorial Manager account in the form of an .xls or .xlIsx file.

The table was removed from the manuscript.

3. Figure 1: What do the error bars and asterisk represent?



As explained in the legend of figure 1: * stands for p < 0.1. The error probability p fell under the significance
level of 0.1 = 10 %, when the means + SEM of three independent experiments were compared with the
respective controls by t-test.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially
those mentioned in the Protocol.
All the materials were added to the table of materials.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:
The submitted article provides a description of a technique to create cancer spheroids with cancer-
associated or normal fibroblasts. All the approaches to create 3D microenvironment as a cancer model are
highly relevant nowadays, and so is the presented technique. However, there are some fundamental issues
with how the manuscript was written and submitted. It is unclear of how the proposed technique is an
advancement or improvement of already established cancer-fibroblasts models (including for example
Khawar et al 2019 Neoplasia, Tsai et al 2018 BMC Cancer, Malik et al 2018 Matrix Biol).
Notwithstanding, the described technique is straightforward and relevant to different cancer subtypes.
Authors focus on pancreatic cancer 3D spheroids, and also highlight specific molecular targets (laminin-332,
alphaSMA or NG2) that can be studied using this model.
Throughout the text, some issues were identified that should be addressed to increase the quality of the
paper and support the technique.

The reviewer correctly noted that different authors have similar 3D approaches for different kinds of studies.
Here, we described not only the invasion assay using cancer cells and CAFs, but also the possibility to use
the spheroids for immunofluorescence detection of extracellular matrix proteins, and for dissociation of
spheroids, allowing further studies of flow cytometry and quantitative PCR.

Furthermore, the three papers mentioned by the reviewer do not give detailed protocols for generating
spheroids and their subsequent analyses, e.g. by immunofluorescence microscopy. Nor do they discuss the
particularities and cautions that must be taken if spheroids are handled. This is of extreme importance, if one
wants to use such model.

Major Concerns:

1) Section, lines 68-75 is speculative and without references. How imaging of PAA is challenging? They are
transparent and used highly specifically for imaging purposes

We agree with the reviewer, the PAA gels are transparent and allow imaging. However, when using them we
faced a couple of difficulties: 1) we could not prepare the functionalized PAA gels in our lab, because
activation of PAA gels with the cross-linker, Sulfo-NHS failed, likely because of the fact that a higher power
UV light must be used with potential formation of radicals that affect cell behavior. For this reason, we used
commercial PAA gels of defined strength. 2) The number of cells that adhere to the gels of lower stiffness is
strongly reduced. The low number of adherent cells made it impossible for us to obtain sufficient cell
numbers to perform studies such as quantitative PCR or flow cytometry. 3) The PAA gels poured into the 6
well-plates have a long optical path and are almost impossible to be analyzed in an inverted confocal
microscope.

For these reasons, we found 3D spheroids a better method because they can easily be generated in the own
lab, are less expensive, provide enough cells for downstream applications and are accessible for analysis by
both inverted and non-inverted microscopes.

2) The introductory section should be focus more on the development of spheroid techniques and how they
have been improved, and how the proposed technique is different to the published one, not on speculation
whether CAFs grow differently on stiff or soft substrates, especially as the methodology of the article does not
study the stiffness of the grown spheroids.

The reviewer is right. Therefore, we changed the introduction and put less emphasis on the stiffness. We
thank the reviewer for the suggestion.

3) Subsection in lines 88-93. It is not clear how the CAFs were validated to make sure the isolated cells were
CAFS, have their phenotype changed over time, where they validated after immortalisation and how?



The CAFs were isolated from biopsies using dissociation with collagenase and cycles of trypsin detachment
and attachment as well as cultivation in MEM medium. CAFs exhibit a very different cell morphology,
compared to the pancreatic cancer cells, they are spindle shape, and a pure culture was obtained at the end
of the isolation steps. The phenotype was also confirmed as activated fibroblasts with expression of aSMA
and NG2, that are not expressed by normal fibroblasts. Stainings for these 2 markers were performed
frequently, including before and after immortalization. Also the immortalized cells were compared to their
non-immortalized counterparts for their expression of aSMA and NG2, and routinely verified to be CAFs
during the course of the study

4) Protocol: the submitted manuscript would benefit greatly from a detailed description of the derivation of
CAFs from biopsies and their validation and comparison against the normal fibroblasts. This is essential part
of this paper and should be included here

We agree with the reviewer that immortalization of CAFs and normal fibroblast had been a critical part of the
original study. However, within this JOVE article, the main focus of our protocol is the generation of homo-
and heterospheroids of these cells. Therefore, we prefer to concentrate on the spheroid technology and to
make a reference to the original manuscript of ours, where we, together with our collaborators from the
department of surgery, isolated and immortalized the CAFs from pancreatic cancer biopsies.

5) Creating fibroblast homospheroids. It is unclear what is the relevance of creating fibroblast
homospheroids. Is the proposed protocol supposed to replace the 2D culture of fibroblast to promote and
support their phenotype? If so why the fibroblasts from the spheroids are not then used in the
heterospheroids by mixing directly the 3D fibroblasts spheroids with cancer cells? are the fibroblast from 2D
frozen cultures used to create 3D cancer-fibroblasts spheroids?

We apologize, if in the introduction was not clear enough, that the 3D spheroid model is meant to replace the
2D culture of normal fibroblasts in this experimental setting. We changed this in the revised manuscript to
make this point even clearer. The goal was to keep fibroblasts in their non-differentiated state, so we could
then stimulate the differentiation and study the effect of the laminin-332-integrin binding. We agree with the
reviewer that this stimulation could have been performed using the co-culture system. However, we wanted
to start this study with clearly defined populations of fibroblasts and cancer cells. These populations were
verified with markers by PCR or flow cytometry. To this end, higher cell numbers were required and
resourcing these primary cells from biopsies by FACS would not warrant the necessary provision of sufficient
cell number, because of the low FACS yields. As a control, we stimulated fibroblast to differentiate into CAFs
with TGF-B1, the main cytokine present in the tumor microenvironment and involved in CAF differentiation.
To meet the demand of well characterized cells in this study, we expanded both normal fibroblasts and CAFs
first in 2D cell culture conditions and froze several vials. For each experiment, a new vial was used to directly
prepare the spheroids.

6) Discussion

a. Authors claim that the proposed method prevents spontaneous differentiation of fibroblasts. The spheroids
were cultured only for 24hr therefore there is no evidence of the fibroblast differentiation or loss of phenotype
in long term culture. Additionally, no evidence was presented from spontaneous differentiation in 2D in their
cell lines

In fact, here, we used the spheroids for short term studies. In our previously performed stiffness studies we
used mouse fibroblasts, but it was clear that stiffness increased the expression of aSMA expression, the
marker for differentiation. In contrast, in the 3D spheroid culture conditions, even the more differentiation-
prone mouse fibroblasts showed a decrease in the expression of aSMA, whereas stimulation with TGF-1
increased expression of aSMA and promoted fibroblast differentiation. This was clarified in the manuscript.

b. Authors compare their spheroids to spheroids based on human endothelial cells and mesenchymal cells.
this direct comparison is not appropriate

We agree with the referee, that the stiffness of spheroids cannot be compared unless by physical
measurements of the elasticity modulus. However, when we wrote “However, the stiffness of the spheroids
composed of either a single population of fibroblasts/CAFs or a heterotypic population of CAFs and AsPC-I
might possess different mechanical properties”, we did not intend to make a direct comparison. It is clear that
different cell types might cause different stiffness values, depending on the intercellular junction, their force-
exerting potential, their capacity to produce extracellular matrix, etc. Nevertheless, it is also accepted that a
spheroid irrespective of the cell types will unlikely reach stiffness values as high as the one of the plastic of
the cell culture flasks. We rephrased the respective sentences in the manuscript to avoid any inadvertent
misunderstanding on this.

c. discussion is largely based on speculations of role of stiffness in spheroids development. As in the protocol
the stiffness measurements were not included and are unknown between normal fibroblast spheroids or



cancer associated spheroids, this discussion does not have a link. The maintenance of fibroblasts in
spheroids and their differentiation should be discussed, as that's the aim of this paper.

We followed the reviewer’s suggestions and changed the discussion in order to less emphasize the stiffness
of the spheroids. According to the guidelines of JOVE, we put more focus on the method itself. The results
were already published and discussed, and we referred the reader to the paper for complementary
information.

d. If authors have access to equipment to measure stiffness of their spheroids that would add important
information of the differences between normal and CAFs spheroids and would then contribute to the
discussed knowledge.

We fully agree with the reviewer’s opinion. We discussed with biophysicists about ways to determine, or at
least compare spheroids with respect to their stiffness in a way that can be performed in a biochemical lab
without any highly sophisticated physical equipment for routine use. Together, we further pursue this point.
Unfortunately, although it is indeed an important and interesting information, we have not yet established an
easily applicable method nor set up a routine access to an equipment that measures stiffness. This would be
far beyond the scope of this JOVE article.

e. No results were shown for the invasion assay while it has been discussed and speculated
We think that, the important point of the discussion section is that the reader understands how the analysis of
this study is performed. The actual results were already published, and the reader should consult the paper.
Since it can be confusing to the reader, paragraph 426-435 have been withdrawn.

Minor Concerns:

1) Line 40/41 and 47/48, when mentioning specific markers of pancreatic adenocarcinoma stroma (laminin-
332) or CAFs markers (alphaSMA and NG2), the cited literature includes reviews papers (included self-cited
review). Authors should also include the original research articles showing the role of those markers in
pancreatic cancer or identifying CAFS.

The original research articles were included. We thank the reviewer for pointing it out.

2) In statement in lines 57-59 reference is missing

Following the reviewer’s suggestion, we focused less in the stiffness of the substrate and rephrased the text.
Now the statement is in lines 61-63 corresponding to the reference 8, which is the review paper in which we
included this result.

3) There is no data supporting 3D fibroblast spheroids for the integrin expression

In the present protocol we gave an example of an a3 integrin staining of fibroblasts homospheroids and CAF
homospheroids. Complementary data of the flow cytometry analysis of a3 integrin was published in the
original article.

4) Why are the fibroblast spheroids grown only for 24 hours. This is not enough culture time for the cells to
produce and deposit the relevant matrix proteins (point 1.5 in protocol)

Our studies showed that after 24h it is possible to detect deposition of laminin-332 in the spheroids, by
immunofluorescence staining. The gene expression of the 3 chains of laminin-332 in CAFs present in the
spheroids was also up-regulated, as compared to the normal fibroblasts. The main reason why we used 24h
formation was because we treated the cells with both TGF-f1 and BM2 or lebeinl. We could see significant
differences already at this time of treatment. To perform the experiment for longer time would require
repetitive addition of these compounds. Due to the uneven access of these compounds to all cells in the
spheroid (cf. rim and center zones of the spheroids), the treatment would not be the same for all cells. This
would allow different populations to arise.

To make the protocol more succinct, we don'’t include the staining of intracellular antigen or for detecting cell-
bound ligands in the flow cytometry protocol.

5) Point 1.2. where the cells thawed and places into methylcellulose solution without expanding in 2D? What
was the passage of the frozen samples? What was the viability of the cells after thawing? Where the dead
cells excluded from the thawed samples?

The cells were thawed, centrifuged and counted with trypan blue, taking into account only the viable cells.
Mostly, alive cells actively cluster into spheroid. The formed spheroids were taken from the formation wells,
and most of the dead cells were left behind. The cells used were passaged up to 25 times.

6) Point 2.3. how were the spheroids washed? Mixed by pipetting or gently vortex or on a shaker
The spheroids were washed by adding the PBS to the reaction tube, and ressupending the spheroids in the
solution. Neither pipetting nor vortexing were used so the spheroid structure was kept intact.



7) Point 2.5 and other points - washing in explained in steps 2.2 and 2.3
Thank you for pointing it out, “... and 2.3.” was added.

8) Point 2.9 - dilution of the anti-alpha SMA antibody
The dilution of the antibody was the same as the NG2, 5 yg/mL, “... and...” was added to the phrase. We
thank the reviewer for pointing it out.

9) Point 2.16 - what were the parameters of the microscope used, laser power, objective used, steps in the z-
stack

The parameters of the microscope varied, depending on the staining and the amount of antigen present in
the cell. The laser power will also depend on the laser of the microscope used by the reader. The number of
z-stacks might also vary depending on the size of the spheroid, but we added in the text the average range of
z-stacks used (15-20). We added the objective to the text, but the other microscopic parameters are subject
to the microscopic equipment and will have to be optimized by the reader. Nevertheless, we included in the
text that the negative control should be used for optimizing the sets of the microscope.

10) Point 2.17 - It would be beneficial to add more detailed explanation of the analysis, including for a
example a diagram of the steps when using ImageJ software or images showing selection of ROIls
We are grateful for this advice and have added this information to the revised manuscript.

11) Section 3. What was the control used for RT gPCR. Were the normal fibroblast spheroids used as the
control baseline or 2D cultured cells?

All the cells used for the RT gPCR, both normal fibroblasts and CAFs, were kept as spheroids for 24h,
dissociated and directly lysed and the RNA isolated. The RT qPCR values of the normal fibroblasts were
taken as the reference value, unless otherwise stated in the figure legend.

12) Point 3.7 - source of the primers, where they designed in-house or pre-made, validation of the primers,
primer efficiency?
The primers used were pre-designed and selected from already published data. The references are indicated
after each primer.

13) Point 3.8 - is using only TOP-1 as a housekeeping gene enough. Why this house keeping gene was
chosen?

This house keeping gene was not specifically chosen because of the spheroid culture condition or the cell
type. It is an accepted standard housekeeping gene used in our and numerous other labs. We used only this
one housekeeping gene in these experiments due to the limited amount of RNA isolated from the spheroids.

14) Section 4. Was validation done to make sure you don't lose the expression of receptors upon disruption
of the spheroids? For extracellular markers, was the analysis done on not-fixed samples? Was live/dead dye
included? What was the viability of the fibroblast spheroid?

Cells expressing the integrins of interest in normal cell culture conditions were also assembled in spheroids.
Afterwards, for analysis, they were dissociated, stained and characterized by flow cytometry. The cells used
for these studies were not fixed, just kept on ice to avoid receptor internalization. Furthermore, we could
confirm the up-regulation of integrin a3 in CAFs, compared to the normal fibroblasts. No live/dead dye was
included in the spheroid formation step to avoid inadvertent effects on the spheroid behavior. However, for
flow cytometric analysis, cells were gated for life cells and cell debris was excluded from analysis.

15) Section 5. Why for the invasion study the homospheroid had 400 cells while for other experiments 750
cells?

Although the homospheroids were not compared to the heterospheroids we decided to use the same total
amount of cells used in the heterospheroids, irrespective of cell type. We used an equal number of both cell
type to form the 750 cells-spheroids.

16) It is unclear from all the text of what is the obtained size of the spheroids and how reproducible this is.
This information should be included.

Thank you for pointing it out. We have added this important information to the discussion section of the
revised manuscript.

17) Point 5.7 - imaging parameters should be included
As we have explained in point 9) above, these parameters depend on the microscope.

18) Point 5.8 - more details on the analysis steps



The imageJ steps to follow were added in work-flow chart.

Overall, the manuscript is lacking detailed descriptions of the techniques described, validation of the
methodologies, and including representative results and analysis approaches, that are mentioned in the
methodology protocols. Authors discuss various variables of the spheroids without having done that specific
analysis, like spheroid stiffness or the matrix stiffness, or production of ECM.

We think that, as we have added additional information and details on experimental parameters, the revised
protocol is succinct enough that readers can follow it to generate spheroids and to analyze them for the
expression of proteins by immunofluorescence microscopy.

| would advice authors to focus on a specific part of the technique, like isolation, culture, and validation of
CAFs vs normal fibroblasts, and the validation of fibroblast spheroid assay to show the improvements of that
method of culturing and maintenance of fibroblasts phenotype over standard 2D or soft gel methods.

We trust that by revising the manuscript we have focused on one methodological work flow of spheroid
formation and immunofluorescent analysis thereof. We have revised the introduction and the discussion
sections in line with the reviewer’'s suggestion and trust that it has improved according to the reviewer’'s
suggestions.

Reviewer #2:
Manuscript Summary:

The aim of this protocol is to develop a 3D in vitro model to study the effect of tumour microenvironment on
physiological development of CAFs differentiation. Authors and colleagues have already published their
research findings in regards to the role of laminin-332 and its receptor integrin a3p1 in this differentiation
process of NF and CAFs. Here they are stating their systematic method of how they use the 3D mono and
co-culture (homo or heterospheroids) approach to understand the biology.

Minor Concerns:

This is a relevant protocol to current research obstacle and understating of pancreatic cancer biology and
treatment options. Pancreatic cancer is one of the deadliest type of cancer worldwide. Early detection and
surgery is still the only suitable path for this cancer and even in a small subgroup of patients despite the
surgery, disease comes back and the overall survival remains poor. Therefore understanding the tumors
microenvironment of this cancer would lead to better understanding the biology and physiology to move
toward better therapy and prolong patient's survival benefits.

As a methodological manuscript, | see a very strong relevance of title and the given methodology. Others
have described the 3D spheroids platform in many different types of research oncology and in the most
recent years for pancreatic models and CAFs (Mackenzie Lee Goodwin, Sumi Kanthraj Urs, Diane M.
Simeone, 2019, Pancreatic Microtumors: A Novel 3D Ex Vivo Testing Platform).

Few points:

1. Authors should statue here, the reason why this method more applicable than already described methods
by others.

We trust that the heterospheroid model of tumor cells and CAFs recapitulate the tumor mass much better
than the 2D co-culture system. Taken alone the fact that mechanical stiffness of the substrate causes
fibroblast differentiation into aSMA-expressing CAF-like fibroblasts, made us explore this heterospheroid
model system. Its generation and its analysis by for instance immunofluorescence microscopy allowed us
new insights into CAF-differentiation and the role of CAFs’ integrin a3B1 in tumor progression. Hence, this
manuscript highlights the methodology that brought up these results.

2. There is no description or emphasis on imaging the spheroids before immunofluorescence stating as that
is a very important part to make sure that the 3D spheroids keep their integrity. 24hrs of spheroids formation
is very short to recapitulate the right 3D condition as cells have only been out of plastic for 24hrs which is not
long enough to recapitulate the right physiological as well as environmental condition for the cells.

The period of time is relatively short, but fibroblasts form spheroids very fast and 24h are enough for
production and deposition of laminin-332 and for differentiation of fibroblasts upon treatment with TGF-p1.
Furthermore, to continue the treatment we performed would be necessary to add the compounds to the
already formed spheroids. Diffusion of such compounds might not be the same. To keep the same
characteristics of the formed spheroid and reproducible results we prepared the heterospheroids in the same



way as the homospheroids. We also trust that the two cell types during the 72h have enough interaction to
promote the invasion, as we could see in our results published in the original paper.

3. I would suggest author to attach few images of the spheroids at 24hrs to show that the spheroids formation
was completed and repetitive washing and staining procedure does not interrupt the integrity.

The image 1 is a representative image of spheroids that were formed in 24h. They were stained according to
the described protocol, so that the integrity of the spheroids was not compromised.

4. The type of instrument for this model are not listed and only mentioned about the analysis on image J. it
would be great if the authors would write the timing of how long it takes each images to be acquired and time
needed for the analysis too.

Following the referee’s suggestions, we have added this information to the revised manuscript.

5. Figures and a list of table presented, however | could not find the figure 2. Figure 1 has not been
explaining well specially figure 1c and more information needed.

Figure 2 was originally in the discussion section. We have replaced the former figure 2 by a flow Chart, in
which the former figure 2 was included.

6. Overall, | will personally be more interested if there are more images available for the readers to visualise
the results in specific invasion as that is a novelty of this methodology paper.
Representative images were added, including of the invasion assay and its quantification.
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2. Convert the images to stack projec-
» tion type Sum Slides. At this point enter
in the excel datasheet the number of
stacks e.g. 19
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3. Split the channels
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4. Select the spheroid area in the image of
the channel with the staining of interest.
Use e.g. the threshold (Huang*)
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5. Create a selection from the threshold
image
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Supplemental Figure 1-2

Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Supplemental_Figure_1-2.eps

6. Add the selection to the ROl manager
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7. Close the threshold image and open
the original image again, repeat steps 1-3
and select the staining of interest
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8.3. Transfer all the values in the excel
datasheet and apply equations (1) and (2)

8. Measure the area and the integrated density of the selection (value) as well as the
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Supplemental Figure 2 Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Supplemental_Figure_2.eps

Open the original Z-stack image in the microscope format on Imagel/Fiji software, the same spheroid at
time 0 and time 72h, and follow the steps:

1. Convert the images to stack projection 2. If necessary increase the contrast of the
as described in step 2 of flow chart 1 » images so you can clearly see all the cells
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4. Add the selection to the ROl manager
as described in step 6 of the flow chart 1

¥

5. Close the image of the spheroid at time 0
and split the channels of the the spheroid at

« 72h that was also converted to a stack pro-

jection as described in step 3 of flow chart 1

6. Use the ROl in the manager in the split
image of the channel that depicts the
cancer cells or the cells of interest
Slightly move the ROI to the center of
the spheroid, if thit is not already there.
Update the ROI

' 8. Initialize the counter, select the type of counter
and count the cells manually by clicking on top of
» the cell. The number 1 will show on top of the cell

7. Count the cells in the invasion
region using the plugin cell counter

Fiji File Edit Image Process Analyze Plugins Window Help

Fili_File Edit Image Process Analyze [EIFIEY Window Help EEEESS o AL
}——— 2ge_ Trocess, Anahe Cms = e ene (Fiji Is Just) ImageJ L e
Shortcuts > i Oojzfe A4 |+/NAla || oseur g 4] s | >
8x1277.8 microns (1024x1024); 32-bit; 4MB Utilities > o I - d—= ¢
New 3 More Tools" menu (switch toolsets or add tools) |

Compile and Run...

aee
Install... o%M
Install Plugin... Counters Actions
3D Viewer e Typel 17 Keep Original
0 Initial
BigDataViewer Ty S
e L e sarrin 0
Type 3 Add
Typed O
Remove
Type5 0
Furthest Tyne [0 Rename
invading cell Type7 0O Potate
peEl 0 Delete Mode
Options
. Results
Invasive Spheroid
Reset

cancer cell Oh

v Show Numbers

Invasion region Save Markers

Load Markers

L]


https://www.editorialmanager.com/jove/download.aspx?id=1046269&guid=fcc497e5-6025-4be8-9ad6-92a797ce7eb3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1046269&guid=fcc497e5-6025-4be8-9ad6-92a797ce7eb3&scheme=1

