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ABSTRACT:

Cancer stem cells (CSC) are a small population with self-renewal and plasticity which are
responsible for tumorigenesis, resistance to treatment and recurrent disease. This population
can be identified by surface markers, enzymatic activity and a functional profile. These
approaches per se are limited, due to phenotypic heterogeneity and CSC plasticity. Here, we
update the sphere-forming protocol to obtain CSC spheres from breast and gynecological
cancers, assessing functional properties, CSC markers and protein expression. The spheres are
obtained with single-cell seeding at low density in suspension culture, using a semi-solid
methylcellulose medium to avoid migration and aggregates. This profitable protocol can be used
in cancer cell lines but also in primary tumors. The tridimensional non-adherent suspension
culture thought to mimic the tumor microenvironment, particularly the CSC-niche, is
supplemented with epidermal growth factor and basic fibroblast growth factor to ensure CSC
signaling. Aiming for robust identification of CSC, we propose a complementary approach,
combining functional and phenotypic evaluation. Sphere-forming capacity, self-renewal and
sphere projection area establish CSC functional properties. Additionally, characterization
comprises flow cytometry evaluation of the markers, represented by CD44+/CD24- and CD133,
and Western blot, considering ALDH. The presented protocol was also optimized for primary
tumor samples, following a sample digestion procedure, useful for translational research.

INTRODUCTION:

Cancer populations are heterogeneous, with cells presenting different morphologies,
proliferation and invasion capacity, due to differential gene expression. Among these cells, a
minority population exists named cancer stem cells (CSC)!, which have the capacity for self-
renewal, recapitulating the heterogeneity of the primary tumor niche and producing aberrantly
differentiating progenitors that do not respond adequately to homeostatic controls?. CSC
properties can be directly translated in clinical practice, given the association with events, such
as tumorigenicity or resistance to chemotherapy3. The identification of CSC can lead to the
development of targeted therapies that may include blockage of surface markers, promotion of
CSC differentiation, blocking of CSC signaling pathway components, niche destruction, and
epigenetic mechanisms®.

The isolation of CSC has been performed in cells lines and in samples of primary tumors>=3. The
functional profile described for CSC includes clonogenic capacity, side population and
tumorosphere formation®. The CD44Meh/CD24'°% phenotype has been consistently associated
with breast CSC, which has proved to be tumorigenic in vivo and has been already associated
with epithelial to mesenchymal transition>°. High ALDH activity has also been associated with
stemness and epithelial to mesenchymal transition (EMT) in several types of solid tumors!!. ALDH
expression has been associated with resistance to chemotherapy and to CSC phenotype in vitro'?-
16 Several other markers have been linked to CSC properties in different types of tumors, such
as CD133, CD49f, ITGA6, CD1663* and others, as described in Table 1.

The tumorspheres consist of a three-dimensional model for the study and expansion of CSC. In
this model, the cell suspensions from cell lines and from blood or tumor samples are cultivated
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in a medium supplemented with growth factors, namely epidermal growth factor (EGF) and basic
fibroblast growth factor (bFGF), without fetal bovine serum and in non-adherent conditions?’.
Inhibition of cell adhesion results in death by anoikis of differentiated cells!®. Spheres are derived
from the clonal growth of an isolated cell. For this purpose, the cells are distributed at low density
to avoid cell fusion and aggregation'®. Another strategy includes the use of semisolid
methylcellulose?°,

The sphere-forming protocol gained popularity in CSC isolation and expansion, due to time and
cost and technical, profitable, and reproducible reasons?! 22, Despite some reserves on the extent
of which sphere formation reflects CSC, there is a propensity of stem cells to grow in non-
adherent conditions with the characteristic phenotype, which resembles the native
microenvironment?!. None of the methods available for isolation of CSC from solid tumors has
complete efficiency, highlighting the importance of developing more specific markers or
combinations of methodologies and markers.

In this protocol, we detail the isolation of CSC with the sphere-forming protocol, with the
principle of single-cell growth in non-adherent conditions and the capacity to produce a
differentiated phenotype. A schematic representation of this procedure is represented in Figure
1. We also describe the characterization with surface markers and ALDH expression for CSC, both
for breast and gynecological tumor cells lines and samples of primary tumors.

PROTOCOL:

This protocol was performed complying with the ethical guidelines of the Coimbra Hospital and
Universitary Center (CHUC) Tumor Bank, and was approved by CHUC's Ethics Committee for
Health and by the Portuguese National Data Protection Commission.

1. Sphere-forming protocol and derived adherent populations from continuous cell
cultures

NOTE: Perform all procedures under strict sterile conditions.

1.1. Preparation of non-adherent suspension culture flasks or plates by coating the growth
surface with poly(2-hydroxyethyl-methacrylate (poly-HEMA)

1.1.1. Prepare a 15 mg/mL solution by stirring poly-HEMA in absolute ethanol at 65 °C. Coat cell
culture flasks or plates with 50 pL/cm?.

1.1.2. Leave to dry at 37 °C in a drying oven. If necessary, wrap the plates and store at room
temperature.

1.2. Preparation of the sphere culturing media (SCM)

1.2.1. Prepare a 2% solution of methylcellulose in ultrapure water and sterilize in the autoclave.
Methylcellulose tends to be easier to solubilize by cooling; therefore disperse the powder in
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water at 80 °C and stir until cooled?3.

1.2.2. Prepare atwo-times concentrated solution of SCM (stock solution). SCM working solution
contains DMEM-F12, supplemented with 100 mM putrescine, 1% insulin, transferrin, selenium
and 1% antibiotic-antimycotic solution (10000 U/mL penicillin, 10 mg/mL streptomycin and
25 ug/mL amphotericin B).

1.2.3. To prepare the SCM, mix equal volumes of the SCM stock solution with the 2% solution
of methylcellulose.

1.2.4. Complete the medium immediately prior to use by adding 10 ng/mL epidermal growth
factor (EFG) and 10 ng/mL basic fibroblast growth factor (bFGF).

1.2.5. If more fastidious cell lines are in use, supplement the medium with 0.4% bovine serum
albumin, which might be an advantage.

1.3.  Start with a flask of MCF7 or HCC1806 breast cancer or ECC-1 or RL95-2 endometrial
cancer cells (or other cancer cell line of choice) with 80% to 90% confluence.

1.4. Discard the cell culture media, wash with phosphate buffered saline solution (PBS) and
detach the cells with trypsin-EDTA (1 to 2 mL for a 75 cm? cell culture flask).

1.5.  Add cell culture media (2 to 4 mL for a 75 cm? cell culture flask) and centrifuge at 200 x g
for 5 min to discard enzymes.

1.6.  Suspend the pellet in a known volume of cell culture media and pipette up and down to
ensure a single cell suspension. For this purpose, a 40 um cell strainer can be used.

1.7. Count the cells in the hemocytometer and calculate the cell concentration of the cell
suspension. Take advantage of this step to ensure observation of a single cell suspension. Careful
cell counting is essential to accurately quantify the effects of treatments.

1.8. Suspend the determined amount of cell suspension in SCM complete medium and
transfer to poly-HEMA coated dishes. As a reference value for seeding density, consider 500 to

2000 cells/cm?.

NOTE: Optimization of seeding density and time of culture for each cell line is highly
recommended??.

1.9. Incubate at 37 °C and 5% CO; for 2 days without disturbing the plates.

1.10. Re-establish the concentration of growth factors by adding 10 ng/mL EFG and 10 ng/mL
bFGF to the cell culture media. Repeat this step every two days.
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1.11. Incubate at 37 °C and 5% CO; until 5 days after plating (this can vary from 3 to 12 days
according to the cell line) to obtain spheres, which present the morphology of suspension ball-
shaped cell colonies.

1.12. Use or collect the spheres, by pipetting, for the experiments.

1.13. To obtain derived adherent populations, place the spheres into standard culture
conditions, respective of the cell line used. 1 to 2 days later, it is possible to observe a monolayer
of cells growing around adherent spheres, which presents a morphology similar to the cell line of
origin.

2. Sphere-forming protocol from human tumor samples

NOTE: The use of human samples for research purposes must comply with each country’s
legislation, and to be approved by the Ethics Committee of the Institutions involved.

2.1.  Prepare the transport media containing DMEM/F12, supplemented with 10% fetal bovine
serum (FBS) and 2% antibiotic-antimycotic solution (10000 U/mL penicillin, 10 mg/mL
streptomycin and 25 pg/mL amphotericin B).

2.2. Prepare the digestion media containing DMEM/F12, supplemented with 10% FBS, 1%
antibiotic antimycotic solution, 1 mg/mL type IV collagenase and 100 ug/mL DNAse |.

2.3.  Prepare the enzyme inactivation media containing DMEM/F12, supplemented with 10%
FBS and 1% antibiotic-antimycotic solution (10000 U/mL penicillin, 10 mg/mL streptomycin and
25 ug/mL amphotericin B).

2.4.  Prepare the SCM as described in section 1.2.

2.5. Obtain the sample during the macroscopic study of the operative piece as soon as
possible after surgical removal.

2.6. Place the samples in transport media and transfer them to the laboratory for where
processing. Sample processing should begin within 1 h following collection to improve the
success rate of the procedure. Apply caution in sample collection. Handle the samples carefully.
Avoid the use of necrotic or cauterized zones.

2.7. Under the sterile flow chamber, transfer the sample to a dish and cut into smaller pieces
(around 1 mm?3) with a scalpel.

2.8. Incubate the human tissue in a tube with digestion media in a rotating shaker up to 180
min, at 37 °C. Identify this tube as Tube A.

2.9. Replace the enzyme solution every 15 min.
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2.9.1. Collect the digestion media (without removing any tissue fragments) and transfer it
through a 40 um cell strainer to a new tube half-filled with enzyme inactivation media. Maintain
this tube at room temperature and identify it as Tube B.

2.9.2. Add new digestion media to Tube A and return it to the rotating shaker at 37 °C.

2.9.3. At each collection, check cell viability using the trypan blue exclusion method.

2.9.4. Repeat this procedure for 180 min or until cell count is significantly lower.

2.10. Incubate the tissue fragments in Tube A in a second digestion solution containing equal
parts of accutase and trypsin-EDTA, stirring for 10 min at 37 °C.

2.11. Addthe enzyme inactivation media to Tube A and filter the contents through a 40 um cell
strainer into Tube B.

2.12. Centrifuge the cell suspension in Tube B at 200 x g for 10 min.
2.13. Suspend the pellet in SCM and check cell concentration using a hemocytometer.

2.14. Suspend the determined amount of cell suspension in SCM and transfer to poly-HEMA
coated dishes (see step 1.1) with a seeding density of 4000 cells/cm?.

2.15. Incubate at 37 °C and 5% CO; for 2 days without disturbing the plates.

2.16. Re-establish the concentration of growth factors by adding 10 ng/mL EFG and 10 ng/mL
bFGF to the cell culture media.

NOTE: You must do this every two days.

2.17. Incubate at 37 °C and 5% CO; until 5 days after plating (this can vary up to 12 days) to
obtain spheres, which present the morphology of suspension ball-shaped cell colonies.

3. Sphere-forming capacity, self-renewal and sphere projection area

NOTE: Sphere-forming capacity is the ability of a tumor cell population to produce spheres. Self-
renewal is the ability of sphere cells to produce new colonies of spherical cells in suspension. The
sphere projection area is representative of the area occupied by the sphere and therefore
expressive of their size and the number of cell divisions undergone in a certain time period.

3.1. Determining the sphere-forming capacity

3.1.1. After completion of the sphere-forming protocol, collect the spheres in a centrifuge tube
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and centrifuge at 125 x g for 5 min.

3.1.2. Discard the SCM and gently suspend the pellet in a known volume of fresh media. With
the aim of concentrating the spheres to facilitate counting, suspend the spheres in a small media
volume. Be careful not to disturb the spheres.

3.1.3. Use a hemocytometer to count the spheres with more than 40 um in diameter.
Alternatively, spheres can be counted directly on the plate by using a microscope equipped with
a graticule?” or using an automated system?627,

3.1.4. Calculate the percentage ratio of spheres obtained vs. the number of cells initially plated.

3.2. Determining self-renewal

3.2.1. After completion of the sphere-forming protocol, collect the spheres in a centrifuge tube
and centrifuge at 125 x g for 5 min.

3.2.2. Discard the sphere culturing media and gently suspend the pellet in trypsin-EDTA.
3.2.3. Incubate up to 5 min at 37 °C.

3.2.4. Add enzyme inactivation media and pipette up and down to ensure a single cell
suspension.

3.2.5. Using a hemocytometer and the trypan blue exclusion method, count the viable cells in
the suspension.

3.2.6. Initiate the sphere-forming protocol as described in section 1.

3.2.7. After 8 days, use a hemocytometer to count the spheres with more than 40 um in
diameter.

3.2.8. Calculate the percentage ratio of spheres obtained vs. the number of cells initially plated.
3.3. Determining the sphere projection area

3.3.1. To evaluate the area occupied by the spheres, obtain images of at least 10 random fields
per condition, in an inverted microscope equipped with an image acquisition module. A

magnification of 100X to 400X is recommended.

3.3.2. Analyze images using imaging software, such as ImageJ software?®, by drawing areas of
interest corresponding to the spheres and measuring its area in pixels.

3.3.3. Calculate sphere projection area as the mean area of pixels measured.
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4, Cancer stem cell marker assessment with flow cytometry
NOTE: CD44*/CD247°% phenotype was consistently associated with breast and gynecological
cancer stem cells. The procedure described may be used to evaluate this and other cell surface

markers.

4.1. After completion of the sphere-forming protocol, collect the spheres in a centrifuge tube
and centrifuge at 125 x g for 5 min.

4.2. Discard the SCM and gently suspend the pellet in trypsin-EDTA.
4.3. Incubate up to 5 min at 37 °C.

4.4. Add enzyme inactivation media and pipette up and down to ensure a single cell
suspension.

4.5. Centrifuge at 125 x g for 5 min, discard the supernatant and gently suspend the cells in
PBS.

4.6. Allow the cells to rest in suspension for 30 min to ensure recovery of the membrane
conformation.

4.7. Using a hemocytometer and the trypan blue exclusion method, count the cells in the
suspension.

4.8.  Adjust the cell suspension volume to 10° cells/500 pL.
4.9. Incubate with the monoclonal antibodies according to the instructions of the suppliers
(concentration, time, temperature, and light/dark) and considering the experiment set

represented in Table 2 or the markers given in Table 1.

4.10. Immediately after staining, perform the flow cytometric analysis using a flow cytometer
with appropriate detection modules.

4.11. Standardize cytometer setup, following protocols established by the EuroFlow
Consortium?.

4.12. Set up primary gates based on the forward and side scatter excluding debris and dead
cells. This can be improved by concomitant labelling with annexin V and gating negative cells.

4.13. Set fluorescence gates based on the unstained samples and compensation for a spectral
overlap using single stained controls.
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5. Cancer stem cell marker assessment with western blot

NOTE: In addition to ALDH1 activity, high expression of this marker was consistently associated
with breast and gynecological cancer stem cells*14, The procedure described may be used to
evaluate this and other cell markers.

5.1.  After completion of the sphere-forming protocol, collect the spheres in a centrifuge tube
and centrifuge at 125 x g for 5 min.

5.2.  Preparation of the whole cell lysates

5.2.1. Place the centrifuge tubes on ice and discard the supernatant without disrupting the
pellet.

5.2.2. Wash the pellet with 1 mL of cold PBS and discard by centrifugation.

5.2.3. Suspend the pellet in a small volume (200-500 pL) of RIPA lysis buffer3® (NaCl 150 mM,
Tris-HCI 1.50 mM pH 7.4, Triton-X100 1% vol./vol., sodium deoxycholic acid 0.5% wt./vol., sodium
dodecyl sulfate 0.5% wt./vol.) supplemented with cOmplete Mini and dithiothreitol 1 mM.

5.2.4. Maintaining the samples cold (on ice), submit them to vortex and sonication with a 30%
amplitude.

5.2.5. Centrifuge the samples for 15 min at 14000 x g in a refrigerated centrifuge set to 4 °C.
5.2.6. Transfer the supernatants to new, properly identified microtubes.

5.2.7. Determine the protein concentrations using the BCA or Bradford assays3?.

5.2.8. If necessary, store the samples at -80 °C until further western blot analysis.

5.3.  Perform sample denaturation, electrophoresis, electron transfer and protein detection
according to standard western blotting protocols, as described32-34,

REPRESENTATIVE RESULTS:

The sphere-forming protocol allows spherical colonies to be obtained in suspension from several
endometrial and breast cancer cell lines (Figure 2A) or after gentle enzymatic digestion of tissue
from human tumor samples (Figure 2E). In both cases, a few days after plating, monoclonal
spherical colonies in suspension are obtained. Both endometrial and breast cancer spheres give
rise to a cell monolayer with similar morphology to the cell line of origin, 1 to 2 days after plating
(Figure 2A).

Distinct lineage and tissue origins can be compared by the sphere-forming capacity, self-renewal
and projection area. Representative results from breast cancer cell lines can be observed in the
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graphs in Figure 2B-D. The hormonal receptor-positive breast cancer MCF7 cells show higher
sphere-forming capacity, self-renewal and projection area than the triple negative breast cancer
cells HCC1806'. For both cell lines, a small percentage of the cells plated (less than 3%) was able
to produce spheres emphasizing cancer stem cells as a minority population within tumor cell
heterogeneity. Cancer stem cells self-renewal was patented by a significantly different value of
sphere self-renewal of the cell lines represented. Sphere projection area, as a rough measure of
the spheres’ dimension, correlates with the number of mitotic cycles and displays different time
intervals for both lineages.

Whilst only a small proportion of cells is capable of forming tumorspheres in vitro and retaining
self-renewal capacity carrying stem cells properties, several markers were associated with this
phenotype.

The flow cytometry protocol presented allows for versatile experimental approaches,
considering surface antigens (see Table 1). Representative results, shown in Figure 3A-B, concern
CD44/CD24 and CD133 membrane markers that have been proposed as corresponding to a more
cancer stem cell-like phenotype. Analysis of spheres obtained from endometrial RL95-2 and ECC-
1 cell lines allowed four populations to be identified (Figure 3A). Spheres obtained from
endometrial RL95-2 comprised a CD44"8"/CD24" population three times larger than the parental
cell line®. In the case of ECC-1 spheres, the CD44"8"/CD24- corresponds to the major population,
which is also CD133 positive, while the CD44'°%/CD24, CD44'°%/CD24* and CD44°/CD24* have
negative or low CD133 expression.

Assessing surface and intracellular markers can also be performed by western blot after gentle
sphere harvesting and careful protein sample preparation. Figure 3C shows typical results of
ALDH change, a marker whose increased activity or augmented protein expression is associated
with the cancer stem cell phenotype'® # on spheres and derived adherent cells regarding the
endometrial ECC1 cell line of origin.

FIGURE AND TABLE LEGENDS:

Figure 1: Obtaining cancer stem cells from human endometrial tumor samples (A) and breast
and gynecological cancer cell lines (B). Human tumor samples are fragmented, enzymatically
digested and plated in sphere culturing medium into poly-HEMA coated dishes. Cancer cell lines
are detached, cell suspensions are counted, and single cells are distributed at low density into
poly-HEMA coated plates under appropriate conditions. The spheres obtained, when placed
under adherent culture conditions, produce derived adherent populations.

Figure 2: Endometrial and breast cancer cells, spheres and derived adherent populations. (A).
Representative images of endometrial (RL95-2 and ECC-1) and breast (MCF7 and HCC1806)
cancer cell lines, respective endometrial (ES1) and breast (MS1) spheres and derived adherent
populations (G1). Representative images of RL95-2, ECC-1, MCF7 and HCC1806 cancer cell lines
were obtained at a magnification of 200X (scale bar: 50 um). Representative images of ES1 RL95-
2 and ES1 ECC-1 were obtained at a magnification of 200X (scale bar: 50 um). Representative
images of MS1 MCF7 and MS1 HCC1806 were obtained at a magnification of 200x (scale bar:

Page 10 of 20
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100 um). Representative images of G1 RL95-2 and G1 ECC-1 were obtained at a magnification of
200X (scale bar: 50 um). Representative images of G1 MCF7 and G1 HCC1806 were obtained at a
magnification of 200X (scale bar: 100 um). (B-D). Sphere-forming capacity, self-renewal and
sphere projection area of breast cancer spheres MCF7 and HCC1806. (E). Representative images
of spheres obtained from human endometrial tumor samples. These images were captured at a
magnification of 200X (scale bar: 50 um). Part of this figure has been modified from a previous
publication with permission from the publisher!4.

Figure 3: Combined evaluation of cancer stem cells markers in endometrial cancer cells. (A).
Representative plots of CD44/CD24 labelling of the RL95-2 cell line and of the RL95-2 sphere cells.
(B). Representative histograms of CD133 labelling of sphere cells (ES1) obtained from RL95-2 and
ECC-1 cell lines. Density represents a measure of the cell count. CD44*/CD24°, CD44'°%/CD24,
CD44'°%/CD24* and CD44°/CD24* populations are painted in green, pink, blue and yellow,
respectively. C. ALDH expression in ECC-1 cell line, spheres (ES1), and derived adherent
population (G1). The immunoblot represents the ALDH and actin expression for the respective
experimental conditions. ALDH expression was evaluated with the antibody ALDH1/2, which
detects the isoforms ALDH1A1, ALDH1A2, ALDH1A3 and ALDH2 of mouse, rat and human origin.
Part of this figure has been modified from previous publications with permission from the
publishers!3,

Table 1. List of gynecological and breast cancer stem cells markers.

Table 2. List of tubes to be included in a typical flow cytometry experiment to evaluate the
CD24/CD44 phenotype. The table shows a minimal set of sample tubes required for a co-staining
experiment, including necessary controls.

DISCUSSION:

This protocol details an approach to obtain tumorspheres from cancer cell lines and primary
human samples. Tumorspheres are enriched in a sub-population with stem cell-like properties3®.
This enrichment in CSC is dependent on viability in an anchorage-free environment while
differentiated cells are reliant on adhesion to a substrate3’. As primary plating of tumor cells in a
low adherence environment that imposes suspension does not ensure enrichment in CSC per se,
we provide strategies to evaluate self-renewal (sphere-forming capacity and self-renewal),
differentiation capacity (derived adherent populations), and phenotype of CSC (with flow
cytometry and/or western blot). Cancer stem cells can be identified via several broadly described
phenotypic markers (see Table 1).

As human tumor primary cultures are often challenging to establish and to maintain in culture,
the sphere-forming protocol might provide a tool for handling these samples. The enzymatic
digestion procedure suggested provided single-cell suspensions from endometrial tissue
samples3®. The sphere-forming protocol provides significant numbers of CSC, which are difficult
to obtain by other means. The tridimensional model might be more efficient at mimicking the in
vivo situation, namely the physiological microenvironment and tumor heterogeneity, than
conventional monolayer cell cultures.
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The certainty about the monoclonal origin of tumorspheres is a critical step of this protocol.
Minimizing aggregation, which tends to occur in suspension cultures, and a thorough
optimization of seeding densities to distribute single-cell suspensions are crucial?. Other authors
suggested the plating of a single cell per well*® 4%, To avoid this laborious procedure, we overcame
this issue by ensuring a single-cell suspension is plated in low density in a methylcellulose-
enriched medium. Due to its water holding and viscosity enhancing properties?3, methylcellulose
provides a semi-solid medium that avoids migration and aggregation, ensuring the monoclonality
of the spheres obtained?!. The number of days in culture is another aspect which is dependent
on optimization, as the number of days necessary to obtain spheres with diameters superior to
40 um is dependent on each cell type doubling time?*. The low or serum-free medium is another
characteristic of the protocol, as FBS-containing medium is relevant for differentiated cell-growth
in adherent conditions*!, as in the parental cell lines and in the derived adherent cells. The
protocol depends on the maintenance of a steady concentration of the specific growth factors.
EGF signaling plays an important role in the maintenance of pluripotency pathways while bFGF
acts as a mitogen contributing to the generation of spheres??43,

The sphere-forming protocol, associated with appropriate techniques, provides the means to
expand, isolate, and evaluate specific populations of CSC?. Several authors have pointed to its
utility in assessing stem cell gene expression®’ and stemness in tumours*’*, to study
epithelial-mesenchymal transition***° and tumorigenesis®*, to evaluate the effect of new
therapies? >° and drug resistance*” 1, and to establish cultures from primary samples?14546,
However, it is important to keep in mind that it is a sensitive experiment, highly dependent on
adequate culture conditions. Additionally, the spheres present cellular heterogeneity due to CSC
asymmetric division®? and do not represent a good model of the complexity of cancer stem cell
formation and maintenance in the in vivo niche?.

Besides the sphere-forming protocol, other functional assays have been used for the detection
of CSC. In vivo tumorigenicity entails the inoculation of low cell numbers inimmunocompromised
mice to obtain tumours3®>3. This depends on the availability of proper conditions to perform
animal studies, and due to the non-species-specific microenvironment, the recovery of living cells
might be challenging. A colony forming unit assay, evaluating cell ability to generate colonies
after they are plated at low density>?, provides low cell numbers. Side-population relies on
fluorescence-activated cell sorting (FACS) to isolate a group of cells with the ability to extrude the
Hoescht 33342 stain. This sensitive method relies on the expression of ATP binding cassette
protein (ABC) transporters, responsible for drug efflux°*. Nevertheless, the side-population is
associated with some disadvantages, namely, non-specificity for some phenotypes of CSC and
the characteristics of the dye, which is toxic and largely influenced by experimental conditions
(temperature, concentration)>*>>. ALDEFLUOR is another flow cytometry-based assay for the
identification of cells with intracellular ALDH activity. The main issue is the lack of reproducibility
between studies that seem to be highly influenced by the culture conditions>*.

The sphere-forming protocol is often combined with phenotypic analysis, as we proposed here,
emphasizing the utility of complementary methods to identify CSC**4. We recommended CSC
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enrichment via the sphere-forming protocol and further confirmation of stemness via
assessment of biochemical markers by flow cytometry and western blot. Flow cytometry studies
identified heterogeneous populations within the spheres. In fact, there is an enrichment in CSC
in the studies shown, represented in this protocol by the CD44Meh/CD24'"% cells. Due to CSC
asymmetric self-renewal®*, other cell phenotypes were also identified. In the case of CD133,
representative results showed the population with higher stemness to be positive in the case of
the ECC-1 cell line, but negative in RL95-2 spheres. This points to the lack of specificity of some
CSC markers described, which are not unique to these cells and might vary with the plasticity of
the phenotype, and to the importance of using a combination of strategies to confirm stemness.
Western blot is an alternative methodology that might be useful in certain cases. For instance,
while ALDH activity is broadly used, it is now known that multiple isoforms contribute to
ALDEFLUOR metabolization®*. Thus, specific antigen-antibody methods might be more reliable
and we already showed the association between ALDH protein expression and stemness34,

Sphere-forming capacity, self-renewal and derived adherent populations represent the capacity
of CSC to indefinitely divide and produce a differentiated progeny, which clinically translates to
events such as relapse, metastization and resistance to treatment®. Drug resistance in CSC can be
explained by overexpression of multidrug resistance (MDR) membrane proteins, ALDH
expression involved in detoxification mechanisms, DNA repair mechanisms, protection against
reactive oxygen species and resistance to apoptosis®®. CSC have the capacity to be quiescent due
to their plasticity and this has emerged as a mechanism of drug resistance. This population can
be spared from chemo- and radiotherapy due to cell-cycle arrested differentiated cells®”. Spheres
are a tumor population with reported resistance to cytostatic drugs used in conventional
treatment and have also been a focus for combination with targeted therapies>**%°°, The
sensitivity of spheres can be tested for cytostatics used in breast and endometrial cancers. In
addition, the isolation of CSC from a tumor sample can be a platform for the clinical application
of therapy specific to each tumor, predicting resistance and consequent recurrent disease.
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Table 1. List of gynecological and breast cancer stem cell markers.

Marker Stem cell origin References
CD24 Ovarian cancer &0
CD29 Breast cancer 61
CD44 Ovarian cancer 62 63
CD44/cD24™" Breast cancer 135364
CD44'/cD24™"°" /ESA Breast cancer 65
CD44/ALDH1"" Breast cancer 66
CD44/cD247"°"/ABCG2 Breast cancer 67
CD44/cD247°"/ALDH1 Breast cancer 368 69
CD44/CD24™""/EpcAM Breast cancer 5
CD44/CD247"°"/SSEA-3 Breast cancer 70
CD44/CD49f/CD133/2 Breast cancer &
CD44/CD133/ALDH1"" Breast cancer 69
CD44/CD117 Ovarian cancer 7
CD44/MyD88 Ovarian cancer 7273
CD44/E-cadherin’ /CD34 Ovarian cancer 7475
CD44/CD24/Epcam Ovarian cancer 7677
CD44/CD24 Ovarian cancer 7879
CD44/CD166 Ovarian cancer 80
CD44/CD24 Cervical cancer 81
D49 Breast cancer 4
Cervical cancer 82
D117 or c.kit Endometrial cancer 83
Ovarian cancer 6284
Breast cancer 4 85
D133 Ovarian cancer 6286
Endometrial cancer 13878889
Cervical cancer 82
cD133"/CXCR4A"/ALDH1"  |Breast cancer %0
CD133/ALDH1 Breast cancer Z: _
Ovarian cancer
CD133/CXCR4 Endometrial cancer %3
ABCG2 Breast cancer 65
Cervical cancer 8281
Breast cancer N
ALDH-1 Endometrial cancer 94 95
Cervical cancer 82
CXCR4 or CD184 Breast cancer %
EpCAM/CD49f Breast cancer 7
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EpCAM"/PROCR"/SSEA-3

Breast cancer

70

GD2/GD3/GD3S"

Breast cancer

98

ITGA6

Breast cancer

PROCR

Breast cancer

43




Table 2
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Table 2. List of tubes to be included in a typical flow cytometry experiment to
evaluate CD24/CD44 phenotype. The table shows a minimal set of sample tubes
required for a co-staining experiment, including necessary controls.

Tube |Condition Antigen-fluorophore
1 Unstained cells none
2 Single stained CD44 CD44-PE
3 Single stained CD24 CD24-APC
4 Double-stained CD44/CD24 CD44-PE and CD24-APC

Note: This experiment can be performed adding annexin V-FICT to tube 4 and
adding the respective control tube in order to gate the annexin V negative cells
and exclude eventual cells in apoptosis.
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Name of Material/ Equipment

Absolute ethanol

Accutase

ALDH antibody

Annexin V FITC

Antibiotic antimycotic solution
BCA assay

Bovine serum albumin

CD133 antibody

CD24 antibody

CD44 antibody

Cell strainer

Collagenase, type IV
cOmplete Mini

Dithiothreitol

DMEM-F12

DNAse |

ECC-1

Epidermal growth factor
Fibroblast growth factor basic
Haemocytometer

HCC1806

Insulin, transferrin, selenium Solution
MCF7

Methylcellulose

NaCl
Poly(2-hydroxyethyl-methacrylate
Putrescine

RL95-2

Sodium deoxycholic acid
Sodium dodecyl sulfate

Tris

Triton-X 100

Trypan blue

Trypsin-EDTA

B-actin antibody

Company

Merck Millipore
Gibco

Santa Cruz Biotechnology
BD Biosciences
Sigma

Thermo Scientific
Sigma

Miteny Biotec
BD Biosciences
Biolegend

BD Falcon
Gibco

Roche

Sigma

Sigma

Roche

ATCC

Sigma

Sigma

VWR

ATCC

Gibco

ATCC
AlfaAesar
IMGS

Sigma

Sigma

ATCC

IMs

Sigma

IMGS

Merck

Sigma

Sigma

Sigma

Catalog Number

100983
A1110501
SC166362
556547

A5955

23225

A9418
293C3-APC
658331

103020

352340
17104-019

118 361 700 0
43815

D8900
11284932001
CRL-2923

E9644

F0291
HERE1080339
CRL-2335
41400045
HTB-22

45490
37040005002212
P3932

P7505

CRL-1671
EINECS 206-132-7
436143
203600008P152112
108603

T8154

T4049

A5316
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Comments/Description

StemPro Accutas Cell Dissociation Reagent

Pierce BCA Protein Assay Kit
Allophycocyanin (APC)
Allophycocyanin-H7 (APC-H7)

Pacific Blue (PB)

40 pm

Human endometrium adenocarcinoma cell line

Human mammary squamous cell carcinoma cell line

Human mammary adenocarcinoma cell line

Human endometrium carcinoma cell line
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Item 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

lEStandard Access

Item 2: Please select one of the following items:

D Open Access

@The Author is NOT a United States government employee,

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whaole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051,
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

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

11, JoVE Discretion. If the Author reguests the
assistance of JOVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sale

612542.6 For questions, please contact us at submissions@jove.com or +1,617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reasan 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 viclation 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
shallinclude 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
Materjals 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.
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We greatly thank the editorial and the reviewers for their work and critical
suggestions for the improvement of this manuscript. We believe we answered to
the editorial and reviewers’ concerns. We remain available to comply with further
alterations that might be considered necessary and to clarify or review this
rebuttal.

Editorial comments:

The manuscript has been modified and the updated manuscript,
60022_R1.docx, is attached and located in your Editorial Manager account.
Please use the updated version to make your revisions.

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

2. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the
editor or a link to the editorial policy that allows re-prints. Please upload this
information as a .doc or .docx file to your Editorial Manager account. The Figure
must be cited appropriately in the Figure Legend, i.e. “This figure has been
modified from [citation].”

The figure legends were corrected in the manuscript and the copyright
permissions were uploaded to the system.

3. Please include a scale bar for all images taken with a microscope to provide
context to the magnification used. Define the scale in the appropriate Figure
Legend.

The figure and the figure legend were altered accordingly.

4. Please use h, min, s for time units.
It was corrected in the manuscript.

5. Please add a one-line space between each of your protocol steps.
It was corrected in the manuscript.

6. Step 1.1.4: Please write this step in the imperative tense.
It was corrected in the manuscript.

7. 1.2.5: Please write this step in the imperative tense.
It was corrected in the manuscript.

8. 1.5: How much media are added? What's the centrifugation rate and time?
It was corrected in the manuscript.

9. 1.12: Please write this step in the imperative tense. How to collect?
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It was corrected in the manuscript.

10. 1.13: Please write this step in the imperative tense.
It was corrected in the manuscript.

11. 5.2.7: Please write this step in the imperative tense.
It was corrected in the manuscript.

12. The highlighted protocol steps are over the 2.75 page limit (including
headings and spacing). Please highlight fewer steps for filming.

The highlighted section was reduced accordingly. Nevertheless, we remain
available to adjust the parts for filming according to the interest of the production
and JoVE editorial.

Reviewers' comments:

Reviewer #1.:

Manuscript Summary:

Isolation of CSCs is always a challenge in this study field. Given the uncertainty
of cell surface markers in identifying and isolating CSCs, the functional marker
such as the sphere forming ability could be a more reliable method for isolation
of CSCs. The authors modified the traditional sphere forming culture protocol by
culturing single cells in a methylcellulose-enriched medium to avoid cell
aggregation and migration, and ensure the monoclonality of the spheres
obtained.

Minor Concerns:

1. For counting sphere numbers, the sphere suspension will be mixed by pipetting
to make an even suspension. Whether this process can break down spheres?
Due to their monoclonal origin, spheres are not as fragile as they seem and can
be manipulated without disruption. Moreover, the spheres were observed under
the microscope and they did not break down after gentle pipetting. However, there
are other alternatives to the haemocytometer cell counting, which were added to
the protocol.

2. Fig. 3A should include CD44 and CD24 staining in the adherent cultured cells

to serve as a control. The X and Y axis labels in Fig. 3B are not clear.
Figure 3A and 3B were altered accordingly.

What does density in Y axis mean?
Density refers to the cell count. It was clarified in the figure legend.

The western blotting result in Fig. 3C is not convinced due to the inequality of the
loading control.



This figure was selected from a previous publication to serve as a representative
result. Therefore, the immunoblot presented is shown as previously published in
Carvalho, M.J. et al. Endometrial Cancer Spheres Show Cancer Stem Cells
Phenotype and Preference for Oxidative Metabolism. Pathology and Oncology
Research. doi: 10.1007/s12253-018-0535-0 (2018).

The antibody used in this Western blotting recognizes ALDH1A1, ALDH1A2,
ALDH1AS3, and ALDH2 (Santa Cruz), this information should be indicated in the
Figure legend.

The information was added to the figure legend.

In addition, ALDH activity should be determined in this experiment.

Several works in the literature fully describe the use of the ALDEFLUOR kit as a
measure of ALDH activity to isolate cancer stem cells (for example, Scientific
Reports DOI:  10.1038/srepl18772; Journal Cellular Biochemistry DOI:
10.1002/jcb.26885) which was not the aim of this protocol. In this work, we aimed
to use a functional assay to isolate CSC and to provide alternative strategies for
their phenotypic confirmation. ALDH expression was already described as
augmented in CSC (Pathology and Oncology Research doi: 10.1007/s12253-018-
0535-0; The Breast doi: 10.1016/j.breast.2017.11.009) and is shown in figure 3C as
a representative marker of CSC.

Reviewer #2:

Manuscript Summary:

In this manuscript, Laranjo et al. well defined a spheroid forming protocol for cells
derived from cancer cell line and primary human samples, especially focusing on
breast cancer and gynecological cancer tumors. Importantly, this study detailed
described the methods of spheroid formation assay from single cells which
enzymatic digested from primary tumors. Although this study is comprehensive
and robust, which combined spheroid forming protocol with their complementary
assays for stemness phenotypic validation, there still some issues with the work
that need clarification

Major Concerns:

1. It will be great if the author could address an alternative approach for spheroid
culturing, which refers to spheroid-growing in the low-attached plates with more
robust and well-defined stem cell culture medium, such as mammcult medium.
Mammocult is a specific medium to culture tumorspheres, provided a prepared as
aliguid formulation. In this protocol, we associated methylcellulose to the medium
to provide high viscosity and ensure monoclonality; therefore, the use of powder
mediums is necessary. Thus, we understand the suggestion and the utility of such
media, although it is not compatible with the association of methylcellulose
necessary to this specific protocol.

2. The usage of ALDH1 as a functional stem cell marker is based on ALDH1
enzymatic activity. As authors addressed in the manuscript that multiple isoforms



of ALDH1 contributed to ALDEFLUOR metabolization, the predominant ALDH1
isoform determining ALDH1 enzymatic activity is really cell-content dependent.
Please specify which ALDH protein (isoform/s) expression was tested in the
Figure 3C.

As described in the materials table, the antibody used was the ALDH1/2 SC-166362
from Santa Cruz Biotechnologies, which is recommended to identify ALDH1A1,
ALDH1A2, ALDH1A3 and ALDH2 of mouse, rat and human origin. Figure legend 3
was clarified.

Here, | think it will be better to measure the percentage of ALDH (+) cells by FACS
instead of examination of ALDH protein expression in term of testing stemness
properties.

Several works in the literature fully describe the use of the ALDEFLUOR kit as a
measure of ALDH activity to isolate cancer stem cells (for example, Scientific
Reports DOI:  10.1038/srepl18772; Journal Cellular Biochemistry DOI:
10.1002/jcb.26885) which was not the aim of this protocol. In this work, we aimed
to use a functional assay to isolate CSC and to provide alternative strategies for
their phenotypic confirmation. ALDH expression was already described as
augmented in CSC (Pathology and Oncology Research doi: 10.1007/s12253-018-
0535-0; The Breast doi: 10.1016/j.breast.2017.11.009) and is shown in figure 3C as
a representative marker of CSC.

3. As FBS-containing medium has been reported to drive stem cells differentiation
and maintain differentiated cells growth, why did authors still add FBS into
transport media and digestion media. In order to maintain stemness phenotypes
of the primary tumor, BSA should be used to substitute for FBS in those media.
The use of FBS in transport and digestion media was performed to ensure the
highest viability of the tumoural samples. The optimization of this procedure was
initially based in the paper Journal of Reproduction and Development DOI
10.1262/jrd.2015-137 for primary cell cultures. The use of FBS in digestion media
to isolate CSC has been previously reported in several works without interfering
with the protocol (for example, Oncology Reports DOI: 10.3892/0r.2016.4739).

4. FBS should not be added into the digestion medium to enzymatically
dissociated tissues, as FBS can quench some of the enzymatic digestion
reaction.

Although is true that the enzymatic digestion affects enzymatic activity, the
presence of avery low percentage of FBS in the medium was important to maintain
cell viability and did not affect the enzymatic digestion reaction. The use of FBS in
digestion media has been previously reported in several works (Oncology Reports
DOI: 10.3892/0r.2016.4739; British Journal of Cancer DOI: 10.1038/sj.bjc.6603298.)

5. Hyaluronidase might be also needed for efficiently enzymatic dissociation of
the tumors. Can author give an explanation why it is not included in the digestion
media?



Hyaluronidase is an efficient enzyme used to cleave endo-N-acetylhexosaminic
bonds, frequently used in combination with collagenase and DNAse for tumor
digestion. To establish the protocol shown in this manuscript several attempts
were performed, using several enzymes and digestion conditions. The procedure
presented is the one that showed a higher yield.

6. It has been reported that Trypsin could alter the native confirmation of cell
membrane protein, which will affect the binding affinity to their respective
antibodies. Non-enzymatic based cell stripper should be used to detach cells from
the plates for cell membrane staining.

Several publications show that surface markers are not altered by trypsin activity
(Cytometry part A, DOl 10.1002/cyto.a.23525; Immunobiology, DOI:
10.1016/j.imbio.2018.09.001). However, this is a very good point because we
maintained the cells in suspension for a period of 30 min to ensure the eventual
need of recovery of the membrane conformation. We added this missing step to
the protocol.

7. 1t will be great that an alternative method could be used to complementarily
quantify the accurate number of spheroids formed by single cells without
mechanically interrupting spheroids structures by pipetting.

Due to their monoclonal origin, spheres are not as fragile as they seem and can
be manipulated without disruption. Moreover, the spheres were observed under
the microscope and they did not break down after gentle pipetting. However, there
are other alternatives to the haemocytometer cell counting, which were added to
the protocol.

8. As this manuscript tried to define a robust method for sphere-forming applied
to breast cancer and gynecological cancer, including ovarian cancer, the author
should give credits to the groups or publication which firstly demonstrated
ALDH(+) cells' stemness phenotypes in ovarian cancer and those who firstly
identified and isolated cancer stem cells from primary ovarian cancer patient

tumors.
Appropriate citations were added to the introduction section.



Response to Editorial comments Click here to access/download;Rebuttal Letter;Response to
Editorial comments_R1.docx

Editorial comments:

The manuscript has been modified and the updated manuscript, 60022_R1.docx, is
attached and located in your Editorial Manager account. Please use the updated
version to make your revisions.

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

The manuscript was reviewed by an English native and English language teacher and
the Proofreading declaration was uploaded to the system.

2. Step 3.1, 3,2, 3.3: Subheadings should never be a sentence.

The subheadings 3.1, 3.2 and 3.3 were written in the imperative tense.

3. JoVE cannot publish manuscripts containing commercial language. This includes
company names of an instrument or reagent. Please remove all commercial language
from your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials and Reagents. Examples of
commercial language in your manuscript include EuroFlow, etc.

The EuroFlow is a consortium consisting of 20 diagnostic research groups, which are
regarded as experts in the fields of flow cytometric and molecular diagnostics and
provide guidelines to improve flow cytometry experiences quality. EuroFluow is not
commercial language.


https://www.editorialmanager.com/jove/download.aspx?id=1052314&guid=5ec17617-8e1d-409e-b0a6-c2094a9c8fcf&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1052314&guid=5ec17617-8e1d-409e-b0a6-c2094a9c8fcf&scheme=1

Copyright permissions Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Copyright permissions.docx

Figure 2
DTISIHE Gl - Thank you far your order wih FaghisLink / Elsevier
I : I Gmail Mafalda Laranjo <mafaldalaranjo@gmail com=

Thank you for your order with RightsLink / Elsevier
2 messages

no-reply@copyright com <no-reply@copyright. com= 18 March 2010 at 17:28
To: mafaldalaranjo@@gmail. com

E o
THEEBREAST

Thank you for your order!

Dear Dr. Mafalda Laranjo,

Thank you for placing your order through Copyright Clearance Center's Rid'rlﬂ_irt'
SEIVICE.

Order Summary

Licenses: Faculty of Medicine, University of Coimbra

Order Date:  Mar 18, 2018

Order Mumber4552030855458

Publication:  The Breast

Title: Mammospheres of hormonal recepior positive breast cancer diverge to
) friple-negafive phenotype

Type of Use: reuse in a joumalimagazine

Order Total: 0.00 EUR

iew or print complete details of your order and fhe publisher's terms and conditions.

Sincerely,
Copyright Clearance Center

Tel: +1-855-230-3415 1 +1-07B-B46-2777
ight.com

customercare@copyrigh RightsLink®
hitps:{imyaccount copyright.com B

This message (including attachments) is confidential, unless marked otherwise. It is intended for the addressee(s)
only. If you are not an infended recipient, please delete it without further distribufion and reply to the sender that you
have received the message in emor.

héfps-/imail google. comimall D7 Ik=bT aa2e b5 cliviow=pidsearch=alliperminld=thread 14 3416283651 250 14043860 slmpl=-msg-F63A 16263651 . 112


https://www.editorialmanager.com/jove/download.aspx?id=1052321&guid=c7216222-a39b-4637-8d84-685f8439c9e0&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1052321&guid=c7216222-a39b-4637-8d84-685f8439c9e0&scheme=1




Figure 3
O7IS2019 ‘Gmall - Than k you fior your order with RighisLink ¢ Springer Mature

M Gmail Mafalda Laranjo <mafaldalaranjo@gmail com=

Thank you for your order with RightsLink / Springer Nature
2 messages

no-reply@copyright com <no-reply@copyright. com= 18 March 2018 at 17:34
To: mafaldalaranjo@@gmail. com

SPRINGERNATURE

Thank you for your order!

Dear Dr. Mafalda Laranjo,

Thank you for placing your order through Copyright Clearance Center's Rij‘rld.irt'
SEIVICE.

Order Summary

Licenses: Faculty of Medicine, University of Coimbra

Order Date:  Mar 18, 2018

Order Number4252031130177

Publication:  Pathology & Oncology Research

Title: Endometrial Cancer Spheres Show Cancer Stem Cells Phenotype and
) Preference for Cxidafive Metabolism

Type of Use: Joumnal/Magazine

Order Total: 0.00 ELR

iew or print complete details of your order and the publisher's terms and conditions.

Tel: +1-855-230-3415 1 +1-078-848-2T77 Coppright 0 0
customercare@copyright com Elta!:';rh:t Hlglﬂlt..'f‘.:nL"“II‘-:CF
hitps:ifmyaccount. copyright.com "‘ Center

This message (including attachments) is confidential, unless marked otherwise. It is intended for the addressee(s)
only. If you are not an infended recipient, please delete it without further distribution and reply to the sender that you
hawve received the message in ermor.

Mafalda Laranjo <mafaldalaranjo@gmail com:= 18 March 2018 at 17:40
To: Miguel Marto <cmmmartoigmail com>

héfps-/imail google. comimall D7 lk=bT aa2eE5cliview=pidsearch=alliperminld=thread 14 341628 3656 23200791 624 slmpl=msg-F63A 16263656 112



e

| Proofreading declaration Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Proofreading Declaration May 19.pdf

Proofreading Declaration

I, David Anthony Tucker, native speaker of English and British Citizen, holding passport number
518267772, hereby state in my capacity as professional proofreader that | have proofread and
corrected the English of the article An update to the sphere-forming protocol applied to
gynecological and breast cancer tumors and that it is written in correct and clear English.
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