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26 SUMMARY:
27 A convenient, fast, and cost-effective method to measure the proportion of side population
28  cellsin solid tumor cell lines is presented.
29
30 ABSTRACT:
31 Cancer stem cells (CSCs) are an important cause of tumor growth, metastasis, and
32  recurrence. Isolation and identification of CSCs are of great significance for tumor research.
33 Currently, several techniques are used for the identification and purification of CSCs from
34  tumor tissues and tumor cell lines. Separation and analysis of side population (SP) cells are
35 two of the commonly used methods. The methods rely on the ability of CSCs to rapidly expel
36 fluorescent dyes, such as Hoechst 33342. The efflux of the dye is associated with the
37  ATP-binding cassette (ABC) transporters and can be inhibited by ABC transporter inhibitors.
38 Methods for staining cultured tumor cells with Hoechst 33342 and analyzing the proportion
39  of their SP cells by flow cytometry are described. This assay is convenient, fast, and
40  cost-effective. Data generated in this assay can contribute to a better understanding of the
41  effect of genes or other extracellular and intracellular signals on the stemness properties of
42 tumor cells.
43
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Cancer stem cells (CSCs) are subsets of cells with self-renewal ability and multiple
differentiation potential, which play a vital role in tumor growth, metastasis, and
recurrence®-?. Currently, CSCs have been identified to exist in a variety of malignant tumors,
including lung, brain, pancreas, prostate, breast, and liver cancers3~°. Identification of CSCs
in these tumors is mainly based on the presence of surface marker proteins, such as high
and/or low expression of CD44, CD24, CD133, and Sca-1°1, but a unique marker that can
distinguish CSCs from non-CSCs has not been reported so far. Currently, several techniques
are used to identify and purify CSCs in tumor tissue or tumor cell lines. These techniques are
designed based on the specific properties of CSCs. Among them, assays and sorting of side
population (SP) cells are two of the commonly used methods.

SP cells were originally discovered by Goodell et al.ll, when they characterized
hematopoietic stem cells in mouse bone marrow cells. When the mouse bone marrow cells
were labeled with the fluorescent dye Hoechst 33342, a small group of Hoechst 33342
low-stained cells appeared in the two-dimensional dot plot of a flow cytometry assay.
Hoechst 33342 is a DNA-binding dye that emits both blue and red fluorescence under UV
excitation. Hoechst 33342 has at least two binding modes that lead to different spectral
characteristics. When viewing fluorescence emission at two wavelengths at the same time,
multiple populations can be revealed®?. In this assay, the Hoechst 33342 was excited at 350
nm and the fluorescence was measured under a two-wavelength filter (450/20 nm
band-pass [BP] filter and 675 nm edge filter long-pass [EFLP])!!. Compared with whole
population of bone marrow cells, this group of cells was enriched with hematopoietic stem
cells called SP cells!?. SP cells are capable of rapidly expelling Hoechst 33342. The efflux of
this dye is related to ABC transporters®3, which can be inhibited by some agents such as
Fumitremorgin C** and calcium channel inhibitors, including Verapamil and Reserpine®>1®,
After that, different proportions of SP cells were detected in a variety of tissues, organs,
tumor tissues, and tumor cell lines!’1%, These SP cells have many characteristics of stem
cells?”19,

This manuscript describes Hoechst 33342 labeling and staining of cultured tumor cells and
the analysis of SP cells by flow cytometry. Moreover, the effects of stemness promotion or
inhibition signals on the proportion of SP in tumor cells are demonstrated. Finally,
optimization of the Hoechst 33342 concentration and the proper blocker selection for a
specific tumor cell line using this approach are discussed. The experimental examples shown
demonstrate that analysis of SP can be used to explore the effects of various signals, such as
gene expression, small inhibitors, activators, cytokines, and chemokines on tumor stemness.
Compared to other methods for isolation and purification of CSCs, such as sorting of
CD44*/CD24~ population, aldehyde dehydrogenase (ALDH) analysis, and tumor sphere
formation assays, this method is easier for manipulation and is cost-effective.

PROTOCOL
1. Cell preparation

1.1. Cell digestion and neutralization



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

1.1.1. Seed tumor cells (such as MDA-MB-231 cells) in a 6 well plate, and culture them in a
37 °Cincubator supplied with 5% CO,.

1.1.2. Harvest cells when their density reaches 90%. Aspirate the culture medium
thoroughly and wash the cells 2x with 3 mL of phosphate buffered saline (PBS).

NOTE: To examine the effects of signaling pathway inhibitors (e.g., FRA1 inhibitor), or
activators (e.g., STAT3 activator) on stemness features of tumor cells, tumor cells were
seeded in a 6 well plate and pretreated with inhibitors or activators for a specific number of
hours before harvest.

1.1.3. Add 500 pL of 0.25% trypsin-EDTA to the 6 well plate, place the plate in an incubator
at 37 °Cfor 1-3 min, and gently tap the plate to detach the cells.

NOTE: Prolonged digestion will affect the SP profile due to changes in cell viability.

1.1.4. Add 3 mL of PBS supplemented with 2% FBS to terminate the digestion and gently
pipette the cells up and down 3-5x to disperse any cell clumps.

1.1.5. Add 0.5 mL of cell suspension to one well of a new 6 well plate and examine it under a
microscope to verify the existence of single cells. If cell clumps are observed, pass the cell
suspension through a 70 uM cell strainer.

NOTE: This is an optional step.

1.1.6. Transfer the contents to a new 15 mL centrifuge tube. Centrifuge cells at 200 x g for 5
min to pellet cells. Remove the supernatant and resuspend them in 3 mL of PBS
supplemented with 2% fetal bovine serum (FBS). Pipette the cells up and down 3-5x to mix
thoroughly.

1.2. Cell counts

1.2.1. Add 50 pL of the cell suspension into a 1.5 mL microcentrifuge tube and mix it with 50
uL trypan blue solution. Pipette 10 pL of the mixture to count the number of living cells
using a standard method, such as a hemocytometer.

1.2.2. Dilute the cells in PBS supplemented with 2% FBS to a final concentration of 1 x 10°
cells/mL. Add 1 mL of the cell suspension to a 5 mL polystyrene round bottom test tube and
prepare two sample tubes.

2. Cell staining with Hoechst 33342

2.1. Add Hoechst 33342 to one tube to reach an appropriate final concentration.

3
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NOTE: For example, the appropriate concentration of Hoechst 33342 is 3 ug/mL for
MDA-MB-231 cells.

2.2. Add blockers (e.g., Fumitremorgin C, Verapamil, or Reserpine) to another tube to an
appropriate final concentration and incubate the tube at 37 °C for 30 min before adding the
same concentration of Hoechst 33342 as described in step 2.1.

NOTE: For MDA-MB-231 cells, the appropriate blocker is Reserpine (40 uM). Reserpine is
used as a blocking control to verify the absence of cells in the gated SP area.

2.3. Prepare several tubes containing cells and add Hoechst 33342 with different
concentration gradients. After a flow cytometry assay, choose the proper concentration
according to the profile and proportion of SP.

NOTE: This is an optional step used to define the proper concentration of Hoechst 33342.

2.4. Prepare several tubes containing cells, add the different concentration gradients of the
blocker, incubate the tubes at 37 °C for 30 min, then add Hoechst 33342 to an appropriate
concentration. After the flow cytometry assay, choose the proper concentration according
to the absence of cells in the gated SP area.

NOTE: This is an optional step used to define the proper concentration of blocker.

2.5. Place the tubes in a 37 °C incubator and incubate them for 60 min, shaking the tubes
every 10 min.

NOTE: Shaking tubes thoroughly is important for staining, because it ensures complete
contact between the cells and the dye for better staining results.

2.6. After 60 min, centrifuge the cells at 200 x g, 4 °C for 5 min, and aspirate the supernatant
carefully, because the cells form a very loose and unstable pellet.

2.7. Resuspend cells in 1 mL of ice-cold PBS supplemented with 2% FBS and pipette the cells
up and down 3-5x to mix thoroughly. Add 1 pL of 1 mg/mL propidium iodide (PI) to the
suspension to identify dead cells.

NOTE: All procedures in this step should be performed at 4 °C to inhibit the efflux of
Hoechst 33342 from the tumor cells. The tubes should be protected from direct exposure to
light.

3. Analysis by flow cytometry

NOTE: Instructions for use of the flow cytometer software (see Table of Materials) are

4
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described in this section and Supplementary Figures 1-10.

3.1. In the flow cytometer software, click the FOLDER button. Click the Experiment button,
then click New Experiment (Supplementary Figure 1A,B).

3.2. Click the OK button. “Experiment-001” will show up under the FOLDER (Supplementary
Figure 2A,B).

3.3. Click the Experiment-001 button to change the folder name to a specific name (e.g.,
"20191118-SP"). Click Enter. The new name ("20191118-SP") will show up under FOLDER
(Supplementary Figure 3A,B).

3.4. Click the New Specimen button to add a specimen to the new experiment folder
("20191118-SP"). Click the New Tube button to add a tube to the specimen. Click the
Arrowhead button (Supplementary Figure 4A,C).

3.5. Click the Parameters button and set up the parameters of the flow cytometer
(Supplementary Figure 5).

3.5.1. Use a 610 nm dichroic mirror short pass (DMSP) to separate the emission wavelengths.
Use a 450/20 nm BP filter to collect the blue fluorescence and a 675 nm EFLP to collect the
red fluorescence.

NOTE: Hoechst 33342 is excited with a UV laser at 355 nm and Pl is excited at 488 nm.
3.6. Run the cell samples on the flow cytometer.

NOTE: SP cells can be sorted by fluorescence activated cell sorting (FACS) under sterile
conditions. A total of 100,000-500,000 cells should be collected for the follow-up
experiment.

3.6.1. Run cells stained with Hoechst 33342 on the flow cytometer.
3.6.1.1. Place tubes containing cells stained with Hoechst 33342 on the cytometer.

3.6.1.2. Click the Dot Plot button to display the dot plot, then click the X-axis and set it to
“FSC-A”; click the Y-axis and set it to “PI-A”. Display the dot plot of forward scatter pulse
area (FSC-A, X-axis set to linear mode) versus the Pl fluorescence (Y-axis set to logarithmic
scale). Adjust the voltages to show the living cells in the right side and the non-living cells,
which are strongly stained with PI, in the left higher corner. Then, establish a polygon gate
to exclude dead cells and cell debris (Figure 1A) by clicking the Polygon Gate button to gate
the P1 subset, also known as FSC-A, PI-A subset (Supplementary Figure 6A,B).

3.6.1.3. Click the Dot Plot button to display the dot plot, click the X-axis and set it to “FSC-A”;
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click the Y-axis and set it to “FSC-W”. Display the dot plot of FSC-A (X-axis) versus forward
scatter pulse width (FSC-W, Y-axis). Right-click the dot plot, click the P1 button under the
Show Populations button. Click the Rectangular Gate button to create a rectangular gate to
gate the P2 subset (also known as FSC-A, FSC-W subset). This will exclude cells with large
volumes (Supplementary Figure 7A,C and Figure 1A).

3.6.1.4. Click the Dot Plot button to display the dot plot, click the X-axis and set it to “SSC-A”;
click the Y-axis and set it to “SSC-W”. Display the dot plot of side scatter pulse area (SSC-A,
X-axis) versus side scatter pulse width (SSC-W, Y-axis). Right-click the dot plot, and click the
P2 button under Show Populations button. Then click the Rectangular Gate button to
create a rectangular gate to gate the P3 subset (also known as SSC-A, SSC-W subset). This
will obtain a cell population with uniform granularity (Supplementary Figure 8A,C and
Figure 1A).

3.6.1.5. Click the Dot Plot button to display the dot plot, click the X-axis and set it to
“Hoechst Red-A”; click the Y-axis and set it to “Hoechst Blue-A”. Display the dot plot of
Hoechst Red-A (X-axis) versus Hoechst Blue-A (Y-axis). Right-click the dot plot, click the P3
button under the Show Populations button. Click the Polygon Gate button to create a
polygon gate to gate the P4 subset (also known as Hoechst Red-A, Hoechst Blue-A subset).
Right-click the dot plot, click the Show Population Hierarchy button to the show population
hierarchy.

NOTE: The dot plot will show three different populations: 1) a GO-G1 phase population near
the center of the graph; 2) a S-G2/M phase population near the upper right corner; 3) the SP.
The SP is then gated for further analysis (Supplementary Figure 9A,D and Figure 1A). If the
dot plot of Hoechst Red-A versus Hoechst Blue-A does not show an SP profile similar to that
shown in Figure 1A, the voltages should be adjusted until a similar profile is seen.
Meanwhile, adjust all of above gates accordingly.

3.6.1.6. After determining the gate region of the SP cells, click Acquire Data to collect
20,000-100,000 events from each sample to analyze the percentage of SP cells
(Supplementary Figure 10).

3.6.2. Run the Hoechst 33342-stained cells treated with blocker on the flow cytometer.
3.6.2.1. Place tubes containing blocker on the cytometer and run cells using the same
voltages and gates to further check whether the voltages and gates are selected

appropriately.

NOTE: Only a very small proportion of cells, if any, should appear in the gated area of the SP
compared with Hoechst 33342 staining alone (Figure 1B).

3.6.2.2. Collect 20,000-100,000 events from each sample to analyze the percentage of SP
cells.
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4. Data analysis

NOTE: Instructions for the use of the flow cytometry analysis software (see Table of
Materials) are described in this section and Supplementary Figures 11-16.

4.1. Copy the files in fcs format to a computer, open the flow cytometry analysis software,
and drag one sample file to the software (Supplementary Figure 11A,B).

4.2. Gate cells and obtain the percentage of SP cells.

4.2.1. Double click this sample file, click the X-axis and set it to “FSC-A"; click the Y-axis and
set it to “PI-A”. Then, create a polygon gate and click the OK button to obtain the FSC-A,
PI-A subset (Supplementary Figure 12A,E).

4.2.2. Double click the FSC-A, PI-A subset file, click the X-axis and set it to “FSC-A"; click the
Y-axis and set it to “FSC-W”. Then, create a rectangular gate and click the OK button to
obtain the FSC-A, FSC-W subset (Supplementary Figure 13A,E).

4.2.3. Double click the FSC-A, FSC-W subset file, click the X-axis and set it to “SSC-A"; click
the Y-axis and set it to “SSC-W”. Then, create a rectangular gate and click the OK button to
obtain the SSC-A, SSC-W subset (Supplementary Figure 14A,E).

4.2.4. Double click the SSC-A, SSC-W subset file, click the X-axis and set it to “Hoechst
Red-A”; click the Y-axis and set it to “Hoechst Blue-A”. Then, create a polygon gate and click
the OK button to obtain the Hoechst Red-A, Hoechst Blue-A subset (Supplementary Figure
15AE).

4.2.5. Open the Layout Editor by clicking the Open Layout Editor button. Drag the SSC-A,
SSC-W subset sample file to Layout Editor, then click the Click to save layout window to file
button to save the image results (Supplementary Figure 16A,C).

4.3. Save the workspace to keep the gating information when closing the software.

4.4. Perform t-test analyses with statistical analysis software to compare the difference
between the two groups. A value of P < 0.05 was defined as statistically significant.

REPRESENTATIVE RESULTS:

Four experimental SP analyses were performed according to this method. In the first one,
we detected the proportion of SP cells in MDA-MB-231, which is a triple negative human
breast cancer cell line, under normal conditions. After cell counting, Hoechst 33342 was
added into one tube containing 1 x 10°cells to a final concentration of 3 pg/mL. Reserpine
and Hoechst 33342 were added to another tube to a final concentration of 40 uM and 3
ug/mL, respectively. Pl was added to both tubes. The dot plot of FSC-A (X-axis) versus PI-A

7
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(Y-axis) showed three populations: 1) a Pl-positive cell population, which represents the
dead cells; 2) cell debris; and 3) the main population was Pl-negative cells, which were
subjected to further analysis (Figure 1A,B). A single-cell population gated from the dot plot
of FSC-A (X-axis) versus FSC-W (Y-axis) and the dot plot of SSC-A (X-axis) versus SSC-W
(Y-axis) was used to analyze the proportion of SP cells (Figure 1A,B). The SP cells were gated
from the dot plot of Hoechst Red-A (X-axis) versus Hoechst Blue-A (Y-axis), and its
percentage was about 0.9% in MDA-MB-231 cells (Figure 1A). However, Reserpine
significantly decreased the proportion of SP cells (Figure 1B), supporting that the
gate-painting for SP is correct. In addition, the dot plot of Hoechst Red-A (X-axis) versus
Hoechst Blue-A (Y-axis) showed the population of cells in GO-G1 phase and S-G2/M phase
(Figure 1A,B).

The second experiment was to determine the suitable staining concentration of Hoechst
33342 in MDA-MB-435 cells. After cell counting, Hoechst 33342 was added to 1 x 10°cells
suspended in 1 mL of PBS supplemented with 2% FBS at different concentration gradients,
including 0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4 pg/mL. As shown in Figure 2A, when the
concentration of Hoechst 33342 was too low (i.e.,, 0.5, 1, 1.5 pg/mL), it was hard to
distinguish SP cells from other cell populations, because lots of cells were in a low-stained
state. When the concentration of Hoechst 33342 was too high (i.e., 2.5, 3, 3.5, 4 ug/mL), SP
cells decreased until they disappeared, and the profile changed greatly. Thus, 2 pg/mL
Hoechst 33342 was the best concentration for SP analysis in MDA-MB-435 cells. In addition,
to determine the proper blocker for this cell line, Hoechst 33342 and a blocker (Verapamil
or Reserpine) were added to 1 x 10° cells suspended in 1 mL of PBS supplemented with 2%
FBS, to a final concentration of 2 ug/mL and 40 uM, respectively. As shown in Figure 2B,
about 0.4% of cells expelled the dye after Verapamil treatment. However, after Reserpine
treatment, the ratio dropped to about 0.1% (Figure 2C). From this experiment, Reserpine
was considered a more appropriate blocker for this cell line.

In the third example, A549 cells (human lung adenocarcinoma cells) were pretreated with
STAT3 activator-Colivelin?® (100 nM) for 48 h. The STAT3 signaling pathway is important for
promoting the stemness features of tumor cells?!. As shown in Figure 3, the proportion of
SP cells increased upon Colivelin stimulation.

In the last example, T47D cells (human breast cancer cells) were pretreated with 0.1 uM
FRAL inhibitor-SKLB816 (also named 13an) for 48 h?2. FRA1 is a reported gatekeeper of
mesenchymal-epithelial transition (EMT) and involved in regulation of tumor stemness®.
Cells were harvested, counted, and stained with Hoechst 33342. As shown in Figure 4, the
proportion of SP cells decreased due to the FRA1 inhibitor.

FIGURE LEGENDS:

Figure 1: Gating strategy of MDA-MB-231 cells in SP analysis. (A) Gating strategy of
MDA-MB-231 cells stained with Hoechst 33342 (3 pg/mL) and propidium iodide (PI, 1
ug/mL). (B) Gating strategy of MDA-MB-231 cells treated with Reserpine (40 uM), stained
with Hoechst 33342 (3 pug/mL) and PI (1 pg/mL).
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Figure 2: Optimization of Hoechst 33342 concentration and selection of blocker in
MDA-MB-435 cells. (A) MDA-MB-435 cells stained with Hoechst 33342 at different
concentration gradients (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 ug/mL) together with Pl (1 ug/mL). (B)
MDA-MB-435 cells treated with Verapamil (40 uM) stained with Hoechst 33342 (2 ug/mL)
and Pl (1 pg/mL). (C) MDA-MB-435 cells treated with Reserpine (40 uM) stained with
Hoechst 33342 (2 pg/mL) and PI (1 pg/mL).

Figure 3: The proportion of SP cells was enhanced by STAT3 activator in A549 cells. (A)
A549 cells pretreated with STAT3 activator Colivelin (100 nM) or its vehicle control
(Ctrl)-H20 for 48 h stained with Hoechst 33342 (7 pg/mL) and Pl (1 ug/mL). A549 cells
treated with Reserpine (45 uM) were used as the blocking control. (B) The statistical results
of the proportion of SP cells in A549 cells treated with Colivelin (100 nM) and its vehicle
control. Data are presented as mean + standard error of the mean (SEM), n = 3 for each
group. “*” indicates P < 0.05.

Figure 4: The proportion of SP cells was inhibited by FRA1 inhibitor in T47D cells. (A) T47D
cells pretreated with SKLB816 (0.1 uM) or its vehicle control (Ctrl)-DMSO for 48 h stained
with Hoechst 33342 (8 pug/mL) and Pl (1 pg/mL). T47D cells treated with Reserpine (40 uM)
were used as the blocking control. (B) The statistical results of the proportion of SP cells in
T47D cells treated with SKLB816 (0.1 uM) and its vehicle control. Data are presented as
mean + SEM, n =3 for each group. “*” indicates P < 0.05.

Supplementary Figure 1: Instructions for flow cytometer software step number 3.1. (A)
Click the FOLDER button. (B) Click the Experiment button and then click the New
Experiment button.

Supplementary Figure 2: Instructions for flow cytometer software step number 3.2. (A)
Click the OK button. (B) Experiment-001 shows up under FOLDER.

Supplementary Figure 3: Instructions for flow cytometer software step number 3.3. (A)
Click the Experiment-001 button to change the name of Experiment-001 to a specific name
(e.g., "20191118-SP"). (B) Click the Enter button.

Supplementary Figure 4: Instructions for flow cytometer software step number 3.4. (A)
Click the New Specimen button. (B) Click the New Tube button. (C) Click the Arrowhead
button.

Supplementary Figure 5: Instructions for flow cytometer software step number 3.5. (A)
Click the Parameters button to set up the parameters.

Supplementary Figure 6: Instructions for flow cytometer software step number 3.6.1.2. (A)
Click the Dot Plot button to display the dot plot, click the X-axis and set it to “FSC-A”; click
the Y-axis and set it to “PI-A”. (B) Click the Polygon Gate button to create a polygon gate to

9
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gate the P1 subset (also known as FSC-A, PI-A subset).

Supplementary Figure 7: Instructions for flow cytometer software step number and
3.6.1.3. (A) Click the Dot Plot button to display the dot plot, click the X-axis and set it to
“FSC-A”; click the Y-axis and set it to “FSC-W”. (B) Right-click the Dot Plot and click the P1
button under Show Populations button. (C) Click the Rectangular Gate button to create a
rectangular gate to gate the P2 subset (also known as FSC-A, FSC-W subset).

Supplementary Figure 8: Instructions for flow cytometer software step number 3.6.1.4. (A)
Click the Dot Plot button to display the dot plot, click the X-axis and set it to “SSC-A”; click
the Y-axis and set it to “SSC-W”. (B) Right-click the Dot Plot and click the P2 button under
the Show Populations button. (C) Click the Rectangular Gate button to create a rectangular
gate to gate the P3 subset (also known as SSC-A, SSC-W subset).

Supplementary Figure 9: Instructions for flow cytometer software step number 3.6.1.5. (A)
Click the Dot Plot button to display the dot plot, click the X-axis and set it to “Hoechst
Red-A”; click the Y-axis and set it to “Hoechst Blue-A”. (B) Right-click the Dot Plot and click
the P3 button under the Show Populations button. (C) Click the Polygon Gate button to
create a polygon gate to gate the P4 subset (also known as Hoechst Red-A, Hoechst Blue-A
subset). (D) Right-click the Dot Plot, then click the Show Population Hierarchy button to
show the population hierarchy.

Supplementary Figure 10: Instructions for flow cytometer software step number 3.6.1.6.
(A) Click the Acquire Data button, then collect 20,000-100,000 events from each sample.

Supplementary Figure 11: Instructions for flow cytometry analysis software step number
4.1. (A) Open the flow cytometry analysis software and drag one sample file into the
software. (B) The sample file is imported.

Supplementary Figure 12: Instructions for flow cytometry analysis software step number
4.2.1. (A) Double click this sample file. (B) Click the X-axis and set it to “FSC-A”; click the
Y-axis and set it to “PI-A”. (C) Click the Create a polygon gate button to create a polygon
gate. (D) Click the OK button to obtain the FSC-A, PI-A subset. (E) The FSC-A, PI-A subset is
obtained.

Supplementary Figure 13: Instructions for flow cytometry analysis software step number
4.2.2. (A) Double click the FSC-A, PI-A subset file. (B) Click the X-axis and set it to “FSC-A”;
click the Y-axis and set it to “FSC-W”. (C) Click the Create a rectangular gate button to
create a rectangular gate. (D) Click the OK button to obtain the FSC-A, FSC-W subset. (E) The
FSC-A, FSC-W subset is obtained.

Supplementary Figure 14: Instructions for flow cytometry analysis software step number
4.2.3. (A) Double click the FSC-A, FSC-W subset file. (B) Click the X-axis and set it to “SSC-A”;
click the Y-axis and set it to “SSC-W”. (C) Click the Create a rectangular gate button to
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create a rectangular gate. (D) Click the OK button to obtain the SSC-A, SSC-W subset. (E) The
SSC-A, SSC-W subset is obtained.

Supplementary Figure 15: Instructions for flow cytometry analysis software step number
4.2.4. (A) Double click the SSC-A, SSC-W subset file. (B) Click the X-axis and set it to
“Hoechst Red-A”; click the Y-axis and set it to “Hoechst Blue-A”. (C) Click the Create a
polygon gate button to create a polygon gate. (D) Click the OK button to obtain the Hoechst
Red-A, Hoechst Blue-A subset. (E) The Hoechst Red-A, Hoechst Blue-A subset is obtained.

Supplementary Figure 16: Instructions for flow cytometry analysis software step number
4.2.5. (A) Click the Open Layout Editor button to open the layout editor. (B) Drag the SSC-A,
SSC-W subset sample file to Layout Editor. (C) Click the Click to save layout window to file
button to save the image results.

DISCUSSION:

There are several key points to keep in mind for the SP assay. The first is the selection of a
proper blocker, such as Verapamil or Reserpine, for each cell line, because the "gate"
location of the SP cells is determined according to the position at which SP cells disappear
after the addition of the blocker. For the MDA-MB-231 cell line, Reserpine works well.
However, for other cell lines, a different blocker might work better.

The second is the concentration of Hoechst 33342. The percentage of SP cells increased as
the staining concentration of Hoechst 33342 decreased, as the representative data showed.
This phenomenon can be explained by the dye absorption kinetics?*. Changes in dye
concentration and staining time affect enrichment of Hoechst 33342 in cells. Expelling of
dye by SP cells through ABC transporters is an active energy-consuming transport process?4.
When the dye concentration is too high, the cells will be overstained, and more Hoechst
33342 needs to be pumped out. When ATP energy is exhausted, ABC transporters cannot
pump the dye out of the cell continuously and the dye will accumulate in the cell, resulting
in a lower proportion of SP cells until they finally disappear. When the concentration of
Hoechst 33342 is too low, the cells are not completely stained, and the non-SP cells (which
should be highly stained) appear in low-stained areas. Therefore, proper Hoechst 33342
staining concentration is closely related to the SP assay. Moreover, uptake and expulsion of
Hoechst 33342 varies between cell types. Thus, proper concentration needs to be explored
for different cell lines before the SP analysis.

The third is a good coefficient of variation (CV) of the flow cytometer, which is also critical
for the SP analysis?>. UV laser power is a strong criteria for better CVs2. This protocol uses a
commercial flow cytometer (see Table of Materials) to perform the SP assay. In this
cuvette-flow-cell instrument, we used the UV laser with a power of 15 mW to get the best
CVs. In general, a relatively high UV laser power provides the optimal CVs. For example, 50—
100 mW provides the optimal Hoechst signal on jet-in-air instruments?. Some lasers
provide lower UV power, which can reduce CVs. For this reason, good laser alighnment is
critical.
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The last is the influence of other factors during the experiment. Cell status, temperature,
time of staining, operation of flow cytometry, and other factors may also affect the
proportion and quality of the SP assay. For example, changes in cell viability during the
preparation of cell suspensions will affect the ratio of SP cells. Therefore, the best
experimental conditions need to be explored before performing SP analysis. Considering the
above factors, the SP ratio of the same cell line measured by different laboratories may be
different. For example the proportions of MDA-MB-231 cells and A549 cells were reported
to be ~0.1%—4.8%252% and ~0.8%—18%30-34, respectively.

Researchers can modify this assay for different applications, such as the study of other
tumor cell lines, or primary patient-derived tumor cells. If the protocol does not work well
for the cells being tested, use MDA-MB-231 cells as the positive control and stain the cells
following the given specifications. Because this protocol is very sensitive to the
concentration of Hoechst 33342, staining temperature, and time check all these conditions
closely. The percentage of SP in many types of human tumor cell lines is relatively low (~
0%—37%)1%:26-3¢_|f an excessively high or low percentage of SP is observed, it may be due to
inappropriate concentrations of Hoechst 33342 or blocker. If the problem seems to be
related to the flow cytometer, obtain technical support.

Although the use of SP to analyze and separate CSCs is highly efficient, it still has certain
limitations. The first is its high sensitivity to staining conditions!2. The concentration of
Hoechst 33342, cell status, temperature, time of staining, operation of flow cytometry, and
the blocker selection affect the quality of SP analysis. The second is the cytotoxicity effect of
Hoechst 33342 on cells. Hoechst 33342 is a DNA-binding dye, but is toxic to cells when it
reaches high concentrations, thereby reducing cell activity?”’.

In summary, SP analysis is one of the most commonly used methods in recent years to
identify and purify CSCs in tumor cell lines. Although the method has some limitations, in
the absence of specific CSCs surface markers, it is still a method for convenient, rapid, and
cost-effective enrichment of CSCs. This method is beneficial for studying the biological
functions of CSCs and for the identification of specific surface markers. Moreover, by
detecting the effects of various signals on the SP ratio of tumor cells, it can provide clues to
the regulatory effect of these signal pathways on CSCs features, and facilitate the discovery
of new mechanisms, which can ultimately guide the targeted therapy of tumors.

ACKNOWLEDGMENTS:

This work was funded by the Natural Science Foundation of China 81572599, 81773124, and
81972787; Natural Science Foundation of Tianjin City (China) 19JCYBJC27300; Tianjin
People’s Hospital, Nankai University Collaborative Research Grant 2016rmnk005;
Fundamental Research Funds for the Central Universities, Nankai University 63191153.

DISCLOSURES:
The authors have nothing to disclose.

12



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

REFERENCES:

1. Reya, T., Morrison, S. J., Clarke, M. F., Weissman, I. L. Stem cells, cancer, and cancer
stem cells. Nature. 414 (6859), 105—-111 (2001).

2. Batlle, E., Clevers, H. Cancer stem cells revisited. Nature Medicine. 23 (10), 1124-1134
(2017).

3. Eramo, A. et al. Identification and expansion of the tumorigenic lung cancer stem cell
population. Cell Death & Differentiation. 15 (3), 504-514 (2008).

4. Kahlert, U. D. et al. CD133/CD15 defines distinct cell subpopulations with differential in
vitro clonogenic activity and stem cell-related gene expression profile in in vitro propagated
glioblastoma multiforme-derived cell line with a PNET-like component. Folia
Neuropathologica. 50 (4), 357-368 (2012).

5. Bailey, J. M. et al. DCLK1 marks a morphologically distinct subpopulation of cells with
stem cell properties in preinvasive pancreatic cancer. Gastroenterology. 146 (1), 245-256
(2014).

6. Hurt, E. M., Kawasaki, B. T., Klarmann, G. J., Thomas, S. B., Farrar, W. L. CD44+ CD24(-)
prostate cells are early cancer progenitor/stem cells that provide a model for patients with
poor prognosis. British Journal of Cancer. 98 (4), 756—765 (2008).

7. Al-Hajj, M., Wicha, M. S., Benito-Hernandez, A., Morrison, S. J., Clarke, M. F. Prospective
identification of tumorigenic breast cancer cells. Proceedings of the National Academy of
Science of the United States of America. 100 (7), 3983—-3988 (2003).

8. Yang, Z. F. et al. Significance of CD90+ cancer stem cells in human liver cancer. Cancer
Cell. 13 (2), 153-166 (2008).

9. Schulenburg, A. et al. Cancer stem cells in basic science and in translational oncology:
can we translate into clinical application? Journal of Hematology & Oncolcology. 8, 16
(2015).

10. Park, J. W., Park, J. M., Park, D. M., Kim, D. Y., Kim, H. K. Stem Cells Antigen-1 Enriches
for a Cancer Stem Cell-Like Subpopulation in Mouse Gastric Cancer. Stem Cells. 34 (5), 1177-
1187 (2016).

11. Goodell, M. A., Brose, K., Paradis, G., Conner, A. S., Mulligan, R. C. Isolation and
functional properties of murine hematopoietic stem cells that are replicating in vivo. Journal
of Experimental Medicine. 183 (4), 1797-1806 (1996).

12. Goodell, M. A. Stem cell identification and sorting using the Hoechst 33342 side
population (SP). Current Protocols in Cytometry. Chapter 9 Unit9 18 (2005).

13. Begicevic, R. R., Falasca, M. ABC Transporters in Cancer Stem Cells: Beyond
Chemoresistance. International Journal of Molecular Sciences. 18 (11), E2362 (2017).

14. Rabindran, S. K., Ross, D. D., Doyle, L. A., Yang, W., Greenberger, L. M. Fumitremorgin C
reverses multidrug resistance in cells transfected with the breast cancer resistance protein.
Cancer Research. 60 (1), 47-50 (2000).

15. Takara, K. et al. Differential effects of calcium antagonists on ABCG2/BCRP-mediated
drug resistance and transport in SN-38-resistant Hela cells. Molecular Medicine Reports. 5
(3), 603-609 (2012).

16. Kawanabe, N., Murakami, K., Takano-Yamamoto, T. The presence of ABCG2-dependent
side population cells in human periodontal ligaments. Biochemical and Biophysical Research

13



573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616

Communication. 344 (4), 1278-1283 (2006).

17. Challen, G. A,, Little, M. H. A side order of stem cells: the SP phenotype. Stem Cells. 24
(1), 3-12 (2006).

18. Wu, C., Alman, B. A. Side population cells in human cancers. Cancer Letters. 268 (1), 1-9
(2008).

19. Patrawala, L. et al. Side population is enriched in tumorigenic, stem-like cancer cells,
whereas ABCG2+ and ABCG2- cancer cells are similarly tumorigenic. Cancer Research. 65
(14), 6207-6219 (2005).

20. Yamada, M. et al. Nasal Colivelin treatment ameliorates memory impairment related to
Alzheimer's disease. Neuropsychopharmacology. 33 (8), 2020—2032 (2008).

21. Marotta, L. L. et al. The JAK2/STAT3 signaling pathway is required for growth of
CD44(+)CD24(-) stem cell-like breast cancer cells in human tumors. Journal of Clinical
Investigation. 121 (7), 2723-2735 (2011).

22. Zhang, C. H. et al. From Lead to Drug Candidate: Optimization of
3-(Phenylethynyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine Derivatives as Agents for the
Treatment of Triple Negative Breast Cancer. Journal of Medicnal Chemistry. 59 (21), 9788—
9805 (2016).

23. Tam, W. L. et al. Protein kinase C alpha is a central signaling node and therapeutic target
for breast cancer stem cells. Cancer Cell. 24 (3), 347-364 (2013).

24. Ibrahim, S. F., Diercks, A. H., Petersen, T. W., van den Engh, G. Kinetic analyses as a
critical parameter in defining the side population (SP) phenotype. Experimental Cell
Research. 313 (9), 1921-1926 (2007).

25. Petriz, J. Flow cytometry of the side population (SP). Current Protocol in Cytometry.
Chapter 9 Unit 9, 23 (2013).

26. Hiraga, T., Ito, S., Nakamura, H. Side population in MDA-MB-231 human breast cancer
cells exhibits cancer stem cell-like properties without higher bone-metastatic potential.
Oncology Reports. 25 (1), 289-296 (2011).

27. Shen, W. et al. ICAM3 mediates inflammatory signaling to promote cancer cell stemness.
Cancer Letters. 422, 29—-43 (2018).

28. Koh, S. Y., Moon, J. Y., Unno, T., Cho, S. K. Baicalein Suppresses Stem Cell-Like
Characteristics in Radio- and Chemoresistant MDA-MB-231 Human Breast Cancer Cells
through Up-Regulation of IFIT2. Nutrients. 11 (3), E624 (2019).

29. Lee, H., Park, S., Kim, J. B., Kim, J., Kim, H. Entrapped doxorubicin nanoparticles for the
treatment of metastatic anoikis-resistant cancer cells. Cancer Letters. 332 (1), 110-119
(2013).

30. Ota, M. et al. ADAM23 is downregulated in side population and suppresses lung
metastasis of lung carcinoma cells. Cancer Science. 107 (4), 433—443 (2016).

31. Wei, H. et al. The mechanisms for lung cancer risk of PM2.5 : Induction of
epithelial-mesenchymal transition and cancer stem cell properties in human non-small cell
lung cancer cells. Environmental Toxicology. 32 (11), 2341-2351 (2017).

32. Prasanphanich, A. F., White, D. E., Gran, M. A., Kemp, M. L. Kinetic Modeling of ABCG2
Transporter Heterogeneity: A Quantitative, Single-Cell Analysis of the Side Population Assay.
PLoS Computational Biology. 12 (11), e1005188 (2016).

33. Han, H. et al. An endogenous inhibitor of angiogenesis inversely correlates with side

14



617
618
619
620
621
622
623
624
625
626
627
628
629
630
631

population phenotype and function in human lung cancer cells. Oncogene. 33 (9), 1198-
1206 (2014).

34. Loebinger, M. R., Sage, E. K., Davies, D., Janes, S. M. TRAIL-expressing mesenchymal
stem cells kill the putative cancer stem cell population. British Journal of Cancer. 103 (11),
1692-1697 (2010).

35. Chiba, T. et al. Side population purified from hepatocellular carcinoma cells harbors
cancer stem cell-like properties. Hepatology. 44 (1), 240-251 (2006).

36. Hirschmann-Jax, C. et al. A distinct "side population" of cells with high drug efflux
capacity in human tumor cells. Proceedings of the National Academy of Science of the
United States of America. 101 (39), 14228-14233 (2004).

37. Chen, A. Y., Yu, C, Gatto, B., Liu, L. F. DNA minor groove-binding ligands: a different
class of mammalian DNA topoisomerase | inhibitors. Proceedings of the National Academy
of Science of the United States of America. 90 (17), 8131-8135 (1993).

15



Figure 1

PI-A

FSC-W

i

J oA, PG ey ke

Click here to access/download;Figure;Figure 1-R2.tif =

55C-A

Hoechst Red-4

s | B BEE O nakant

i Jmhaﬂﬂumm

B WaR i Gddel DOOK  BARN LR L T L

SSC-A

Hoechst Red-A


https://www.editorialmanager.com/jove/download.aspx?id=1164352&guid=c457c37e-62ed-4fd2-9547-2b9b0223baa6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1164352&guid=c457c37e-62ed-4fd2-9547-2b9b0223baa6&scheme=1

Figure 2

Hoeehat Blue-A

Click here to access/download;Figure;Figure 2-R2.tif =

| Hooee B Bt b, Foowhial Bburdy iasbrud
R

0.5 pgiml. Hoechst

| oscas Rod &, Hoschl Mus-A wbset

Hoechst Blus-A

L] 1 L) L) 1

B oK (0EE  ISOR MMM 1

Haechst Flad-:n

Hoechst Bluae-A



https://www.editorialmanager.com/jove/download.aspx?id=1164361&guid=5e08c94a-a61d-4eab-9eb5-afa4e6b87347&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1164361&guid=5e08c94a-a61d-4eab-9eb5-afa4e6b87347&scheme=1

Figure 3

Hoechs!t Blue-A

Clrl

a0k -| Hoechal Red A Hoachst Blus-A subsel
1.03%

T ™ T
o K 1R0K 150K 3K 250K

Citrl + Blocker
FEAN - Hoeohat Bod -8, Hoochss Bl 8 sbeel
0.A189%
SO0 -
150K -
100 -
50K [
L i

o 20K 100K 180K 30K 250K

e

Hoechst Red-A

Click here to access/download;Figure;Figure 3-R2.tif =

Colivalin

P

Hesehal Red-A, Heschal Blua-A bl
1.35%

I i | I

9 SOK 100K 150 200K 250K

Calivelin + Blocker

200K

1500

1008 -

S0K

Hepihat Red-A, Hoschal Blue-A subsel
B23%

L SOK 100K 150W MK 350K



https://www.editorialmanager.com/jove/download.aspx?id=1164362&guid=c1c5c4db-fcf5-40a5-aa38-3c191cb2ac28&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1164362&guid=c1c5c4db-fcf5-40a5-aa38-3c191cb2ac28&scheme=1

Figure 4

Hoechst Blue-A

Ctrl

Hoschat Red-A, Heachst Blua-A su 5
6am% il L3

0 50K 100K 150K 200K 250K
Ctrl + Blocker
{Hoechat Red-A. Hoochst Bise-A subset::, |
250K -| Hooc e i
200K -
1506 -|
1008 -| »
SOK -
o I
e e
i L] 100K 150K 200K 250K
>

Hoechst Red-A

SKLBB16

Hoechat Red.A_ Hoechst Biue-A subset.
4.71% T

Click here to access/download;Figure;Figure 4-R2.tif *

SKLBB16 + Blocker

Hoecrsl Red-A, Hoschal Blus-A su =
B.A71% i



https://www.editorialmanager.com/jove/download.aspx?id=1164363&guid=349c03a3-64f5-4da6-9a7b-b9bce45a9582&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1164363&guid=349c03a3-64f5-4da6-9a7b-b9bce45a9582&scheme=1

Table of Materials

Name of Material/Equipment
6 well cell culture plate

Colivelin
Fetal bovine serum (FBS)

Flow cytometer

Flow cytometer software

Flow cytometry analysis software
Hoechst33342

Polystyrene round bottom test tube
Propidium iodide (PI)

Reserpine

SKLB816
Trypsin-EDTA (0.25%), phenol red
Verapamil hydrochloride
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Company
CORNING

MCE _
(BIOIND)

BD Biosciences
BD Biosciences
BD Biosciences
Sigma-Aldrich
CORNING
Sigma-Aldrich
Sigma-Aldrich

Provided by Dr. Shengyong

Yang, Sichuan University
Gibco
Sigma-Aldrich

Name/Catalog Number
3516

HY-P1061A
04-001-1ACS

BD LSRFortessa
FACSDiva
FlowJo

B2261

352054

P4170

83580

25200072
V4629
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Comments/Description
9.5 cm2 (approx.)
Ser-Ala-Leu-Leu-Arg-Ser-lle-Pro-Ala-Pro-Ala-Gly-Ala-Ser-Arg-Leu-Leu-Leu-Leu-Thr-Gly-Glu-lle-Asp-Leu-Pro

bisBenzimide H 33342 trihydrochloride

12 x 75 mm, 5mL

3,8-Diamino-5-[3-(diethylmethylammonio)propyl]-6-phenylphenanthridinium diiodide

(3B, 16B, 170, 18P, 20a)-11,17-Dimethoxy-18-[(3,4,5-trimethoxybenzoyl)oxy]yohimban-16-carboxylic acid methyl ester

5-[N-(3,4-Dimethoxyphenylethyl)methylamino]-2-(3,4-dimethoxyphenyl)-2-isopropylvaleronitrile hydrochloride
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Analysis of side population in solid tumor cell lines

Author(s): Xiaoli Dong, Yingying Wei, Tao Xu, Xiaoyue Tan and Na Li
ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:

Standard Access Open Access

Item 2: Please select one of the following items:

The Author is NOT a United States government employee.

The 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.

The 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 whole;
“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
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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 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.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.

Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Author_License_Agreement_PandaDoc
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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.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

612542.6
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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 JoOVE 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 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

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 reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name: Na Li

Department:  I'pepartment of Pathophysiology

Institution: School of Medicine, Nankai University

Title: Dr.

Signature: Na g Date: 08/16/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Document signed by:

Na Li

Verified E-mail:
lina08@nankai.edu.cn

Document completed by all parties on:
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