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29  Here, we present a protocol to isolate apoptotic breast cancer cells by fluorescence-activated cell
30  sorting and further detect the transition of breast non-stem cancer cells to breast cancer stem
31 cell-like cells after apoptosis reversal by flow cytometry.
32
33  ABSTRACT:
34  Cancerrecurrence has long been studied by oncologists while the underlying mechanisms remain
35 unclear. Recently, we and others found that a phenomenon named apoptosis reversal leads to
36  increased tumorigenicity in various cell models under different stimuli. Previous studies have
37  been focused on tracking this process in vitro and in vivo; however, the isolation of real reversed
38 cells has yet to be achieved, which limits our understanding on the consequences of apoptosis
39 reversal. Here, we take advantage of a Caspase-3/7 Green Detection dye to label cells with
40  activated caspases after apoptotic induction. Cells with positive signals are further sorted out by
41  fluorescence-activated cell sorting (FACS) for recovery. Morphological examination under
42  confocal microscopy helps confirm the apoptotic status before FACS. An increase in
43  tumorigenicity can often be attributed to the elevation in the percentage of cancer stem cell
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(CSC)-like cells. Also, given the heterogeneity of breast cancer, identifying the origin of these CSC-
like cells would be critical to cancer treatment. Thus, we prepare breast non-stem cancer cells
before triggering apoptosis, isolating caspase-activated cells and performing the apoptosis
reversal procedure. Flow cytometry analysis reveals that breast CSC-like cells re-appear in the
reversed group, indicating breast CSC-like cells are transited from breast non-stem cancer cells
during apoptosis reversal. In summary, this protocol includes the isolation of apoptotic breast
cancer cells and detection of changes in CSC percentage in reversed cells by flow cytometry.

INTRODUCTION:

Cancer has been a leading cause of death, causing heavy burden to countries worldwide. Breast
cancer ranks high both in terms of incidence and mortality in female patients among all types of
cancer!. Due to the cancer heterogeneity, a combination of drugs is usually used in chemotherapy
to achieve cancer cell death?*. However, since common chemotherapeutic drugs often target
DNA>®, protein synthesis’® and/or microtubule dynamics®, rapidly growing cells are affected the
most while quiescent cells such as cancer stem cell (CSC)s are usually less affected?. CSCs are,
therefore, more likely to survive after the treatment, which later leads to drug resistance and
cancer relapse!®!l, Hence, elimination of CSCs has become an important topic for cancer
treatment and study of the origin of CSCs is necessary.

More studies on the phenomenon of apoptosis reversal have been performed in the recent
decade!>?°. Before the emergence of this concept, it has been widely accepted that cells will
irreversibly undergo apoptosis after caspase activation. Caspases are a family of protein enzymes
that play key roles in the initiation and execution stages of apoptosis, including the formation of
the apoptotic complex and the cleavage of downstream substrates?C. Activation of executioner
caspases such as caspase 3 or caspase 7 has been considered as the “point of no return” for
apoptosis?l. However, researchers recently observed that apoptosis reversal occurs both in vitro
and in vivo, during which cells can recover from apoptosis even after caspase activation!?1°,
Moreover, aggressive features such as higher resistance to the original apoptotic inducer and
higher invasiveness are detected in the reversed cancer cells'®. Hence, it was proposed that the
percentage of CSC-like cells would be higher in the reversed population when compared to the
untreated cells, eventually contributing to the more malignant features after apoptosis
reversal®®.

Previously, many efforts have been made to track the apoptosis reversal in vitro and more
importantly, in vivo, which greatly help in confirming the universality of this process®7:19,
However, a systemic study on the consequences of reversed cells is lacking due to the
unsatisfactory isolation of cells that have genuinely undergone apoptosis reversal. There is a need
to acquire pure apoptotic cells and recover them for further study. Thus, we use the traditionally
well-accepted marker of executioner caspase activation as the marker of the “point of no
return”?! for apoptosis and utilize fluorescence-activated cell sorting (FACS) to discriminate
caspase-activated cells stained with Caspase-3/7 Green Detection dye. The dye is covalently
linked to a short amino acid sequence, DEVD, which can be recognized and cleaved by active
caspases 3/7. The cleavage helps release the dye, which will translocate from the cytosol to the
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nucleus where it binds to DNA and emits strong fluorescence. This procedure avoids using a bulk
cell population in which some cells may not have undergone apoptosis.

CSCs or tumor-initiating cells have been identified in many solid tumors using a single or a
combination of several surface marker(s) and very few numbers of these cells are sufficient to
form tumors in immunodeficient mice???’. A combination of CD44 and CD24 has been commonly
used in breast CSC studies, and CD44*/CD24" cells have been defined as the breast CSCs?%-3C,
Recently, we have performed a series of experiments to confirm the proposed relationship
between apoptosis reversal and CSCs and demonstrate that reversed breast cancer cells gained
increased tumor-forming ability in vitro and in vivo with an elevated percentage of cells with CSC
markers®®. Although we could not exclude the possibility that breast CSCs survive better and thus
get enriched after apoptosis reversal, importantly, when we isolate non-stem cancer cells and
subject them to apoptosis reversal, CSC will emerge in the originally non-stem cancer cell
population, suggesting that non-stem cancer cells can contribute to the increase in the
percentage of CSCs during apoptosis reversal.

This article aims to demonstrate the transition from breast non-stem cancer cells to breast CSC-
like cells after apoptosis reversal and to detect this transition by flow cytometry. The breast non-
stem cancer cells are initially prepared by isolating CD44°/CD24* breast cancer cells by FACS.
Then, apoptosis is induced and confirmed by morphological changes under the microscope.
Afterwards, apoptotic cells positively-labelled by Caspase 3/7 Green Detection dye are isolated
by FACS and further cultured in the absence of apoptotic inducers for apoptosis reversal. The
reversed cells are then stained with CSC markers after 7 days of recovery for flow cytometric
analysis. Cells with CD44*/CD24 markers re-appear in the reversed population, suggesting that
transition from non-stem cancer cells to CSC-like cells has occurred during apoptosis reversal.

Apoptosis reversal has been observed in multiple cancer cell lines as well as normal primary cells
treated with different apoptotic stimuli in vitro*?!3. This process has also been traced in
Drosophila model in vivo®17:1°, Much information regarding the underlying mechanism of cancer
relapse in different cancer disease models and the origin of CSCs can be obtained through the
use of the technique as described in this manuscript.

PROTOCOL:
1. Preparation of Breast Non-Stem Cancer Cells

1.1) Culture MCF-7 and MDA-MB-231 cells in 10 mL of phenol red-free Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS)
in @ 100 mm dish. Culture T47D in 10 mL of phenol red-free RPMI 1640 medium supplemented
with 2 mM L-glutamine, 10% heat-inactivated FBS, and 1% v/v Penicillin-Streptomycin (PS) in a
100 mm dish. Culture cells at 37 °Cin a 5% C02/95% air cell culture incubator.

NOTE: Phenol-red affects fluorescence-based detection but also has a potential influence on the
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growth of breast cancer cells due to its estrogen-like effects3!. For example, phenol red could
stimulate progesterone receptor and growth of MCF-7 cells3!. It could also stimulate the growth
of T47D cells3?.

1.2) Wash cells with 2 mL of phosphate buffered saline (PBS) twice. Add 2 mL of 0.05% trypsin-
EDTA to MCF-7 and MDA-MB-231 or 2 mL of 0.25% trypsin-EDTA to T47D cells.

NOTE: The concentration of trypsin-EDTA needed for separation of cells among different breast
cancer cell types vary while an inappropriate concentration may affect the expression pattern of
some cell surface markers such as CD44 and CD2432,

1.3) Culture the dishes for 5 min at 37 °C under an atmosphere of 5% C0,/95% air. Frequently
check the detachment of cells under the microscope to prevent cells from over-digestion by

trypsin-EDTA.

1.4) When over 90% cells detach, add 5 mL of completed RPMI medium to the dish and pipette
it over the cell layer surface several times.

1.5) Transfer the cells to a 15 mL conical tube and centrifuge at 300 x g and 4 °C for 5 min.

NOTE: Usually, around 6 x 10° cells can be obtained from a 100 mm dish when the confluency
reaches 70%.

1.6) Discard the supernatant and resuspend the pellets at 10° cells/100 pL of FACS buffer (PBS
containing 0.5% BSA and 0.1% sodium azide) in a 1.5 mL microcentrifuge tube.

1.7) Divide the cells into several tubes. For MCF-7 cells, divide the cells into 4 tubes: two for
isotype controls, one for CD24 single staining as CD24 positive control and one for dual staining.

1.8) For T47D cells, divide the cells into 3 tubes: two for isotype controls and one for dual staining.

1.9) For MDA-MB-231 cells, divide the cells into 4 tubes: two for isotype controls, one for CD44
single staining as CD44 positive control and one for dual staining.

1.10) Centrifuge the tubes again at 300 x g and 4 °C for 5 min. Discard the supernatant, and then
add Fc block diluted 1:50 in FACS buffer.

1.11) Incubate the samples on ice for 20 min in the dark before centrifugation at 300 x g and 4 °C
for 5 min. Discard the supernatant.

1.12) Add fluorochrome-conjugated monoclonal antibodies against human CD44 (PerCP-Cy5.5)
and CD24 (PE) at 1:40 and 1:10 dilutions (in FACS buffer) in the dual staining groups. For positive
controls, add CD44 (PerCP-Cy5.5) to MDA-MB-231 and add CD24 (PE) to MCF-7 cells at the same



173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

concentration, respectively.
NOTE: The combination of CD44 and C24 has been commonly used in breast CSC study?®-3°,

1.13) For the isotype control groups, add PerCP-Cy5.5 Mouse IgG2b,k at a 1:40 dilution as the
isotype control for CD44 and PE Mouse IgG2a,k at a 1:10 dilution as the isotype control for CD24
at 10° cells/100 pL.

NOTE: Isotype controls for the antibodies of interest are recommended as negative controls33.

1.14) Incubate the samples (from steps 1.12 and 1.13) at 4 °C in the dark for 30 min. Centrifuge
at 300 x g and 4 °C for 5 min. Discard the supernatant.

1.15) Wash the pellet twice with 500 pL of PBS and centrifuge at 300 x g and 4 °C for 5 min.

1.16) Resuspend the pellet in 0.5 mL of PBS and filter through a 40 um nylon mesh before running
on a fluorescence-activated cell sorter.

1.17) For gating and compensation purposes, stain MCF-7 cells with PE-conjugated anti-CD24
antibodies and stain MDA-MB-231 cells with PerCP-Cy5.5-conjugated anti-CD44 antibodies as
positive controls. Use cells stained with isotype controls as negative controls (Figure 1).

1.18) Collect cells with CD44°/CD24* markers in round-bottom polystyrene 12 x 75 mm tubes
containing 1 mL of collection medium (phenol red-free RPMI 1640 medium supplemented with
20% heat-inactivated FBS and 2% v/v PS). Centrifuge the tubes at 300 x g and RT for 5 min and
discard the supernatant.

NOTE: CSC-like cells in breast cancer cells are defined as CD44*/CD24" cells?630, and breast non-
stem cancer cells are defined as CD44°/CD24" cells'® (Figure 1).

1.19) Plate the sorted breast non-stem cancer cells in the culture dish containing fresh collection
medium for further culture at 37 °Cin 5% CO; cell culture incubator.

2. Apoptotic Induction and Detection

2.1) Prepare 1 mM staurosporine!?34in DMSO. For the treated MCF-7 group, add 25 pL of 1 mM
staurosporine to the completed medium of MCF-7 cells to make up to 10 mL of final volume (2.5
UM staurosporine) in a 15 mL conical tube. Pipette to mix the content evenly.

2.2) Remove the culture medium from the cells, wash the cells with 2 mL of PBS once. Then add
the 10 mL of medium with 2.5 uM staurosporine to MCF-7 cells for 6 h to induce apoptosis when
cell density reaches 70% confluency.



216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

2.3) Prepare 1 mM paclitaxel®>>3¢ in DMSO. For the treated T47D group, add 12.5 pL of 1 mM
paclitaxel to the completed medium of T47D cells to make up to a final volume of 10 mL (5 uM
paclitaxel) in a 15 mL conical tube. Pipette to mix the content evenly.

2.4) Remove the culture medium from the cells, and wash the cells with 2 mL of PBS once. Then
add the 10 mL of medium with 5 uM paclitaxel to the T47D cells for 10 h to induce apoptosis
when cell density reaches 70% confluency.

NOTE: The induction time and the concentration of the inducers that induce apoptosis should be
optimized whenever a new cell line is used for the first time.

2.5) For the solvent-treated MCF-7 group, add 25 L of sterile dimethyl sulfoxide (DMSO) to the
completed medium of MCF-7 cells to make up to a final volume of 10 mL (i.e., 0.25% v/v DMSO)
in a 15 mL conical tube. Pipette to mix the content evenly.

2.6) Remove the culture medium from the solvent treated MCF-7 cells, wash with 2 mL of PBS
once. Then add the 10 mL of medium with 0.25% v/v DMSO for 6 h as the solvent control for STS.

2.7) For the solvent-treated T47D group, add 5 uL of sterile DMSO to the completed medium of
T47D cells to make up to 10 mL final volume (i.e., 0.05% v/v DMSO) in a 15 mL conical tube.
Pipette to mix the content evenly.

2.8) Remove the culture medium from the solvent treated T47D cells, wash with 2 mL of PBS
once. Then, add the 10 mL of medium with 0.05% v/v DMSO for 10 h as the solvent control for
paclitaxel.

2.9) To observe the morphological changes of treated cells, stain cells with 50 nM Mitotracker
Red CMXRos and 250 ng/mL Hoechst 33342, and incubate for another 20 min at 37 °C under an
atmosphere of 5% C0,/95% air. Observe the typical apoptotic cell morphology under a 60X
confocal laser scanning microscope (Figure 2).

NOTE: Typical apoptosis morphology includes cell shrinkage, membrane blebbing, mitochondria
fragmentation and nuclear condensation but with intact cellular membrane!?-1> 18,37,

3. Isolation of Apoptotic Cells and Apoptosis Reversal Procedure
3.1) Stain both the apoptotic inducer- and solvent-treated MCF-7 or T47D cells with 3 uM
Caspase-3/7 Green Detection dye at the cell concentration of 108/mL in the dark for 30 min at 37

°C under an atmosphere of 5% C02/95% air.

3.2) Filter the cells through a 40 um nylon mesh before running on the sorter for sorting.
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3.3) For gating purposes, first gate the major population (R1) and exclude the debris by plotting
the graph in dots with forward scatter and side scatter (Figure 3).

3.4) Use the untreated cells without adding the Caspase-3/7 Green Detection dye as a negative
control to gate the negative region (R2) (Figure 3A).

3.5) Use cells treated with staurosporine!?83%for 24 h and stained with the dye as a positive
control to gate the positive region (R3) (Figure 3B).

3.6) Collect positive cells (R3) from the inducer-treated groups in round-bottom polystyrene 12
x 75 mm tubes containing 1 mL of collection medium (same as the collection medium in step
1.18) (Figures 3C-3D). Centrifuge the tubes at 300 x g and RT for 5 min and discard the
supernatant.

3.7) Collect negative cells (R2) from solvent-treated groups in round-bottom polystyrene 12 x 75
mm tubes with 1 mL of collection medium as in step 3.6 (Figures 3E-3F).

NOTE: A small portion of cells (such as 10,000 cells) can be collected and re-run on the sorter to
check the pattern of active caspases marker. If over 90% of sorted solvent-treated cells are shown
in the caspase-negative region or over 90% of sorted inducer-treated cells are shown in the
caspase-positive region, these collected cells are believed to be relatively pure (Figures 3C-3F).
Otherwise, the sorting region and/or the sorter should be reset.

3.8) Resuspend the sorted cells in fresh collection medium and seed them in 12-well tissue
culture plates and culture at 37 °C under an atmosphere of 5% C02/95% air for 7 days for
apoptosis reversal.

4. Confirmation of Apoptosis in Caspase-Activated Cells

4.1) Mix 10 mM HEPES, 140 mM NacCl, and 2.5 mM CaCl; to prepare annexin-binding buffer (pH
7.4). Store the buffer at 4 °C and avoid the buffer to expose to light.

4.2) Prepare a 100 pg/mL working solution of propidium iodide (Pl) by diluting 5 pL of the 1
mg/mL Pl stock solution in 45 puL of annexin-binding buffer. Store the solution at 4 °C and avoid
the solution to expose to light.

NOTE: Pl is a potential mutagen and should be handled with care.

4.3) Prepare the inducer-treated cells as in steps 2.1 to 2.5.

4.4) Collect the inducer-treated MCF-7 or T47D cells by pipetting the medium over the cell layer
3-5x to detach the cells. Transfer the cells to a 15 mL conical tube.
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4.5) Centrifuge at 300 x g and RT for 5 min. Discard the supernatant.

4.6) Resuspend the cells with completed medium at the cell concentration of 108/mLin a 1.5-mL
microcentrifuge tube and stain cells with 3 uM Caspase 3/7 Green Detection dye in the dark for
30 min at 37 °C.

4.7) Centrifuge at 300 x g and RT for 5 min. Discard the supernatants.

4.8) Wash the cells with 1 mL of ice-cold PBS and centrifuge at 300 x g and 4 °C for 5 min. Discard
the supernatants.

4.9) Resuspend the cells in 100 pL of annexin-binding buffer with the add 5 L of the annexin V
conjugate and 1 pL of 100 pg/mL Pl working solution to each 100 pL of cell suspension and
incubate the cells for 15 min at room temperature.

NOTE: Annexin V and Pl are commonly used together to label apoptotic cells in flow cytometry3®
40

4.10) Add 400 pL of annexin-binding buffer, mix gently. Keep the samples on ice before running
on a flow cytometer.

5. Measurement of Breast CSC-Like Cells by Flow Cytometry

5.1) Harvest the reversed MCF-7 in both inducer- or solvent-treated groups with 0.05% trypsin-
EDTA. Harvest T47D cells in both inducer- or solvent-treated groups or with 0.25% trypsin-EDTA
as in steps 1.2 to 1.5.

5.2) Stain the cells with fluorochrome-conjugated monoclonal antibodies against human CD44
(PerCP-Cy5.5) and CD24 (PE) as in step 1.12. Meanwhile, prepare the isotype controls as in step
1.13.

5.3) Run the cells on a flow cytometer and detect the percentage of cells with CD44*/CD24"
markers.

REPRESENTATIVE RESULTS:

In order to observe the transition from breast non-stem cancer cells to breast CSC-like cells, a
first sorting of CD447/CD24" breast cancer cells were needed. For the MCF-7 cell line, which has
around 0.15% cells with CSC markers in the original population (Figure 1), this step helped
exclude the possibility of CSC enrichment during apoptosis reversal. On the contrary, if there
were no cells with CSC markers in the original population, such as for T47D cells (Figure 1), this
sorting procedure could be omitted. Indeed, gating affected the definition of the positive and
negative of each marker, which would eventually influence the percentage of CSC determined.
Therefore, appropriate controls including isotype controls for antibodies of interest, single
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stained controls for each marker should be carefully chosen and prepared for gate adjustment
(Figure 1).

With breast non-stem cancer cells, the apoptosis reversal model could thereafter be established.
Typical morphological changes could be observed after adding apoptotic inducers and cells
should recover from apoptosis with similar morphology after drug withdrawal (Figure 2).
Caspase-3/7 recognizes the amino acid sequence DEVD in the Caspase-3/7 Green Detection dye
and the active forms of caspase-3/7 are able to cleave this site*!. Originally, the fluorescence of
the Caspase-3/7 Green Detection dye in cytosol is weak while if the dye is cleaved and
translocated to the nucleus, the fluorescence signal would be amplified after its binding to DNA
in the nucleus. This obvious difference could be distinguished by flow cytometry. Hence, those
caspase-activated cells could be labelled and sorted out based on their higher fluorescence
intensity comparing to those without caspase activation (Figures 3A - 3D). During the apoptotic
induction process, an appropriate solvent control must be included: solvent-treated cells without
caspase activation were collected (Figures 3E and 3F) to exclude the possibility that the FACS
procedure or the solvent itself was the cause for transition, if any.

In order to show that those FACS-sorted caspase-activated cells were indeed apoptotic, we co-
stained these cells with Annexin V and Pl. One of the early-stage changes in apoptotic cells is the
translocation of phosphatidylserine from the inner side of plasma membrane to the external
surface of the cell'33840; this externalization of phosphatidylserine could be detected by Annexin
V. While this change is not unique to apoptosis, Pl can be used for distinguishing apoptosis from
necrosis based on the integrity of the cell membrane. Thus, cells with Annexin V binding but
without PI staining are regarded as apoptotic cells. Caspase-activated cells in the apoptotic
inducer treatment groups were found to be Annexin V positive and Pl negative, suggesting that
they were apoptotic cells (Figure 4).

After the second sorting based on caspase activation in apoptotic cells, these apoptotic cells were
collected and subsequently cultured for recovery. The reversed cells that were alive were able to
attach the culture container bottom and continue to proliferate. After 7 days, staining of CD44
and CD24 was performed in the reversed cells while controls were prepared at the same time as
before. Compared with the solvent-treated groups (Figure 1), flow cytometric analysis showed
that there were events (cells) appearing in the CD44*/CD24 quadrant in the reversed breast non-
stem cancer cell population (Figure 1). Since we had already excluded cells with CD44*/CD24 in
advance of apoptosis induction and only CD44°/CD24* breast non-stem cancer cells were chosen,
these CD44*/CD24 CSC-like cells could only be transited from breast non-stem cancer cells during
apoptosis reversal.

FIGURE LEGENDS:
Figure 1: Representative breast CSC marker staining on breast cancer cells in flow cytometry.

MCF-7, MDA-MB-231 and T47D were stained with fluorochrome-conjugated monoclonal
antibodies against human CD44 (PerCP-Cy5.5) and CD24 (PE). Cells were first gated by forward
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scatter (FSC) and side scatter (SSC) (P1) to exclude debris. Isotype controls of CD24 and CD44
were used as negative controls for CD24 and CD44 respectively. MCF-7 cells stained with CD24
was used as positive control for CD24 and MDA-MB-231 cells stained with CD44 was used as
positive control for CD44. Non-stem MCF-7 breast cancer cells (P2) were sorted. These sorted
cells and T47D cells were subjected to apoptosis reversal procedure. CSC-like (CD44*CD24) cells
appeared after apoptosis reversal.

Figure 2: Morphological changes of breast cancer cells under apoptotic stimulus induction.
Breast cancer cells showed typical apoptotic morphological changes including cell shrinkage,
membrane blebbing, mitochondria fragmentation (yellow arrows in the monochrome figures)
and nuclear condensation. Nuclei (in blue): nuclei of cells stained with Hoechst 33342 were
shown in blue color. Mitochondria (in pink): mitochondria of cells stained with Mitotracker Red
CMXRos were shown in pink color. Merged: figures merged in dual colors showing both
mitochondria and nuclei. Mitochondria (in gray): mitochondria of cells stained with Mitotracker
Red CMXRos were shown in monochrome. Differential Interference Contrast (DIC): whole cells.
Upper: MCF-7 cells were treated with staurosporine (STS) for 6 h then reversed for 24 h. Lower:
T47D cells were treated with paclitaxel for 10 h with reversal for 24 h. Scale bars: 20 pum.

Figure 3: Caspase activation analysis by sorter. A: Unstained MCF-7 cells without staurosporine
(STS) treatment were used as negative control (R2). B: MCF-7 cells treated with staurosporine
(STS) for 24 h. Cells in R3 region were regarded as the caspase-activated cells. C: MCF-7 cells
treated with staurosporine (STS) for 6 h. Cells in R3 region were FACS-sorted. D: FACS-sorted
caspase-activated MCF-7 cells after staurosporine (STS) treatment for 6 hours were re-run. E:
DMSO-treated MCF-7 cells. F: FACS-sorted cells without caspase activation after DMSO
treatment for 6 hours were re-run.

Figure 4: Annexin V and PI staining of caspase-activated cells in flow cytometry.

MCF-7 and T47D cells were firstly gated by forward scatter (FSC) and side scatter (SSC) (P1) to
exclude debris. Cells that were untreated with apoptotic inducers and without any staining were
used as negative controls. For cells treated with apoptotic inducers, caspase-activated cells [i.e.,
Caspase-3/7 Green positive cells] were selected (P3) to show the fluorescence intensity of
Annexin V and PI staining. All Caspase-3/7 Green positive cells were Annexin V positive and Pl
negative, suggesting that they were apoptotic.

DISCUSSION:

This protocol describes a direct and clear way for detecting the transition of breast non-stem
cancer cells into breast CSC-like cells as a result of apoptosis reversal. Confirmation of the CSC
properties of these reversed cells could be assisted by using in vitro mammosphere formation
assay and in vivo xenograft transplantation in immunodeficient mice'82426:27.:42-45 Here, we use
two breast cancer cell lines, but this protocol can be further applied in other breast cancer cell
lines. Since this phenomenon is apparent in the breast cancer cell line in which fewer number of
CD44*/CD24 cells exist originally, it is suggested not to choose cell lines such as MDA-MB-231 in
which there are more than 90% of CD44" cells.
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Since gating is important in flow analysis, proper and sufficient controls should be prepared in
advance. For sorting, the purity should also be determined before the actual collection of cells.
For example, to know the purity of the first sorting, a small portion of cells (such as 10,000 cells)
can be collected and re-run on the sorter to check the pattern of CSC markers. If over 90% of
these sorted cells are CD44°/CD24* and are not shown in the CD44*/CD24" region, the collected
cells are believed to be relatively pure (Figure 1). If cells appear in the CD44*/CD24  region, the
sorting region and/or the sorter should be reset. Sorting should be conducted as sterile as
possible either by using a sorter inside culture hood or adding antibiotics in the collection and
culture medium for sorted cells.

Cancer cell types other than breast cancer can also be chosen and induced with various apoptotic
stimuli to establish the apoptosis reversal model. While caspase activation could be detected as
early as 2 h, the sorting time should be carefully selected. Since cells in the population are not
synchronized, at one specific time point, each cell may have reached different stages of
apoptosis. Meanwhile, cells keep going on to an apoptotic death after caspase activation.
Therefore, if the inducers are removed only when all the cells reach caspase activation, some
cells may have already reached the stage of DNA fragmentation, making them unable to recover
even after inducer removal. It is not suggested to induce apoptosis for too long time to achieve
a higher percentage of caspase-activated cells but with the cost of leaving a large number of cells
dying after collection. Besides, the incubation time and the dye concentration that labels
caspase-activated cells should be optimized whenever a new cell line is used for the first time.

Another concern as of successfully inducing apoptosis reversal in the apoptotic cells is the low
recovery rate of the cells (usually less than 10%). The cells have gone through apoptosis plus the
sorting procedure; therefore, they require very gentle handling during centrifugation and
transfer at the collection and resuspension steps. Also, the choice of plate or dish used for
subsequent culture should not be dependent on the number of cells collected but on the
expected number of recoveries. Otherwise, cells could be allocated too sparsely to reverse and
re-grow. Given that non-stem cancer cells grow at a higher speed and may dominate in the re-
constituted cell population?, the detection time should not be too far away from the first
recovery day.

This method first isolates breast non-stem cancer cell then applies them for apoptotic induction
where a second sorting is done based on caspase activation before cells get recovered. The re-
appearance of breast CSC-like cells in the reversed population is detected by flow cytometry.
Since this in vitro apoptosis reversal procedure isolates pure apoptotic cancer cells, a number of
experiments now can be conducted to understand the consequences of these real reversed cells.
Apart from breast cancer cells, other solid tumor types as well as hematologic malignancy that
are with known CSC markers can be studied and various apoptotic stimulus can be used. Hence,
this method is extendable and applicable to a boarder scope of cancer investigation.
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Table of Materials

Name of Reagent/ Equipment

MCEF-7

MDA-MB-231

T47D

Reagent

0.05% trypsin-EDTA

0.25% trypsin-EDTA

Alexa Fluor 680 annexin V conjugate
bovine serum albumin

CaCl, - 2H,0

CellEvent caspase-3/7 green fluorescent dye
dimethyl sulfoxide

Fc block

fetal bovine serum

HEPES

Hoechst 33342

L-glutamine

Mitotracker Red CMXRos

monoclonal antibodies against human CD24

monoclonal antibodies against human CD44
NaCl

paclitaxel

PE Mouse IgG2a, « Isotype Control
Penicillin-Streptomycin

PerCP-Cy5.5 Mouse IgG2b, k Isotype Control
phosphate buffered saline

propidium iodide

Roswell Park Memorial Institute 1640 medium
sodium azide

staurosporine

Click here to access/download;Table of Materials;FINALIZED Xu et al., 2018,

Materials, R1.xlsx

Company

American Type Culture Collection (ATCC)
American Type Culture Collection (ATCC)
American Type Culture Collection (ATCC)

Invitrogen
Invitrogen
Invitrogen

USB
Sigma-Aldrich
Invitrogen
Sigma-Aldrich
Miltenyi Biotec
Invitrogen

USB

Invitrogen
Invitrogen
Invitrogen

BD Biosciences

BD Biosciences
Sigma-Aldrich
Sigma-Aldrich
BD Biosciences
Invitrogen

BD Biosciences
Thermo Fisher Scientific
Invitrogen
Invitrogen
Sigma-Aldrich
Sigma-Aldrich

Catalog Number

HTB-22
HTB-26
HTB-133

25300054
25200072
A35109
9048-46-8
C-5080

C10423
D2650
130-059-901
16000044
16926
H3570
25030081
M7512
555428

560531
31434
T7402
554648
15070-063
558304
21600010
P1304MP
11835055
S2002
S4400
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Equipment

100 mm culture dish

12-well tissue culture plates

Cell Strainer 40-um nylon mesh

FACSuite software bundle v1.0

FACSVerse

FluoView FV1000 confocal microscope
FV10-ASW Viewer software Ver.4.2b
round-bottom polystyrene 12 x 75 mm tubes
S3e sorter

Greiner Bio-One
Thermo Fisher Scientific
BD Biosciences

BD Biosciences

BD Biosciences
Olympus

Olympus

BD Biosciences
Bio-Rad

664160
150628
08-771-1
651360
651155
IX81
352003
1451006



Comments/Description

heat-inactivated

PE Clone:ML5 Lot:5049759 RRID:AB_395822

PERCP-CY5.5 Clone:G44-26  Lot:7230770 RRID:AB_1727485

Clone:G155-178 (RUO) RRID:AB_395491

Clone:27-35 RRID:AB_647257

phenol red-free
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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 on 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 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. 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.
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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
ltem 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.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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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. 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.

9. 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 dispiay, 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.

10. JoVE Discretion. If the Author requests 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 sole 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 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.

11. 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 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
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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.

12. 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.

13. 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 required per submission.

CORRESPONDING AUTHOR:

|

| S‘U\i_ \(—( l/\j -(S[\v\/\(l

Name:
Department: I Seheel of L?j’( Cereunces l
Institution: ‘WC Chinese Wnivers: TL,‘ £ Hon: 1 Ko \\q I
QL/{LCVl 9‘ V)KW‘J t)«.\\;(\Jl{/n (;‘)‘1’" LM_\“_Q/ S FETx C.ef((—('f/:e celi
Article Title: O po Pt Vereris , j § ‘

~J
2.8 Sept, 20| D

Date:

Signature: _’TV\F{{V‘ (C (L\,f)

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051

612542.6



Rebuttal Letter

Click here to access/download;Rebuttal Letter;Responses to the

editor.docx

Responses to the editor:

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the
same.

Our response: Thank you for the Editor's help. We retained the format the same.

2. Please address all the specific comments marked in the manuscript.

Our response: Thank you for the Editor's comments. We have addressed all the comments. Our
responses to the comments and the revisions have been marked on the revised manuscript (a
version with changes tracked has been uploaded with file named 'Xu et al., 2018, JoVE, R2,
commented & tracked changes version’). In response to the comments, we have also revised
figures 2-4. New figures 2-4 have also been uploaded.

3. Once formatted, please highlight 2.75 pages or less of the Protocol (including headings
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. The highlighted
steps should form a cohesive narrative with a logical flow from one highlighted step to the
next. Remember that non-highlighted Protocol steps will remain in the manuscript, and
therefore will still be available to the reader.

Our response: Thank you for the Editor's note. We have uploaded a version of our revised
manuscript with highlights (file named "Xu et al., JoVE, R2, Highlighted version’) to identifies
essential steps of the protocol for the video.

4. 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].”

Our response: Thank you for the Editor's note. We have not reused any figures from a previous
publication.

5. Please refer figures in the order of numbering, so figure 1 should be referenced before
figure 2.

Our response: Thank you for the Editor's note. We have referred figures in the order of
numbering.
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