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Evaluation and Isolation of Cancer Stem Cells Using ALDH
Activity Assay

Luigi Mele, Davide Liccardo, and Virginia Tirino

Abstract

The aldehyde dehydrogenase (ALDH) is a polymorphic enzyme responsible for the oxidation of aldehydes
to carboxylic acids. In this chapter, it is described the role of ALDH in the identification of cancer stem cells
(CSCs), having been shown that stem cells express high levels of ALDH. Here, we present a method called
ALDEFLUOR assay used for the identification, evaluation, and isolation of normal, cancer stem and
progenitor cells.
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1 Introduction

Aldehyde dehydrogenases (ALDHs) are a family of enzymes that
catalyze the oxidation of endogenous aldehyde substrates to their
corresponding carboxylic acids and conversion of retinol to retinoic
acid. The human genome contains 19 ALDH genes that code for
enzymes involved in detoxification from aldehydes produced by
physiological metabolic processes or environmental agents and
cytotoxic drugs [1]. For this reason, an increase in ALDH activity
may confer cells more resistance to chemotherapeutic treatments
[2]. ALDH1 has three isoforms (A1, A2, A3) and is considered a
marker for normal and cancer stem cells (CSCs). Indeed, this
subpopulation of stem-like tumor cells is responsible for tumor
initiation, invasive growth, and metastasis formation, and has high
levels and high activity of this enzyme.Hilton J [3] first showed the
role of high ALDH activity in chemotherapeutic resistance to
cyclophosphamide, an alkylating agent, in leukemia stem cells. In
addition to drug resistance, ALDH maintains low levels of reactive
oxygen species (ROS) by preventing apoptosis of CSCs [4]. High
ALDH activity has been demonstrated in CSCs of liver, lung,
breast, colon and head and neck cancers [5–9]. Generally,
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ALDH1A1 isoform is commonly considered to be responsible for
increasing ALDH activity in CSCs, although recent studies have
shown that other isoforms contribute to increased activity, in par-
ticular the ALDH1A3 isoform [10]. However, the expression and
activity of this enzyme can be considered a reliable marker in tissues
that normally do not express or express low levels of ALDH1A1
(breast, lung), but cannot be considered a tissue marker that
already expresses high levels of ALDH1A1 (liver, pancreas) [1].
The method used to identify and select high ALDH activity cells
is Aldefluor assay kit (StemCell Technologies, Durham, NC, USA).
The viable cells with high expression of ALDH become brightly
fluorescent and can be detected using the green fluorescence chan-
nel of a standard flow cytometer or isolated by cell sorting. High
ALDH activity in the Aldefluor assay has been attributed to
the expression of ALDH1, but it is not possible to understand
which of the three isoforms of this enzyme (A1, A2, A3) is
due. Aldefluor assay is based on conversion of substrate BODIPY-
aminoacetaldehyde (BAAA) to the fluorescence product BODIPY-
aminoacetate (BAA). In conclusion, we provide here a staining
protocol based on the evaluation of ALDH activity using flow
cytometry.

2 Materials

2.1 Reagents 1. ALDEFLUOR™ Kit by STEMCELL Technologies.

2. 12 � 75 mm tubes compatible with the cytometer used low-
speed centrifuge (capable of 250 � g).

3. 37 �C heating device (water bath or heat block).

4. Flow cytometer equipped with a 488 nm blue argon ion laser for
excitation and an optical filter set to defected 515–545 nm
(green) fluorescence.

5. Refrigerator (2–8 �C) or ice.

6. Erythrocyte lysing agent (without detergent or fixatives).

2.2 Sample

Preparation

1. Prepare fresh or frozen test samples according to standard pro-
cedures for the sample type.

2. If using samples containing blood and the erythrocyte to leuko-
cyte ratio (RBC:WBC) of the specimen is >2:1, lyse the ery-
throcytes with an ammonium chloride-based buffered solution
that does not contain detergents or fixatives.

3. If using sphere-forming cells to separate them and obtain single-
cell solution, centrifuge the sample for 5 min at 250� g, remove
the supernatant, and suspend cells in 1� trypsin-EDTA and
incubate at 37 �C for 10 min, then neutralize the trypsin with
medium supplemented with serum.
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4. Centrifuge the sample for 5 min at 250 � g, remove the super-
natant, and suspend the cells in 1 ml of ALDEFLUOR Assay
Buffer.

5. Perform a cell count.

6. Adjust sample to a concentration of 1 � 106 cells/ml with
ALDEFLUOR Assay Buffer.

3 Methods

3.1 ALDEFLUOR

Assay

1. Obtain a single viable cells suspension.

2. Count cells using Coulter counter.

3. Spin cells at 250 � g for 5 min.

4. Decant media and resuspend cells at 1 � 106 cells/ml in Alde-
fluor assay buffer (see Note 1).

5. Label one 11� 75 flow tube (Falcon) for each of the following:
with 1 μg/ml propidium iodide (PI) or 7-actinoaminomycin-D
(7-AAD) only, DEAB, ALDH. If a cell sort is required, label an
additional ALDH tube for every 500,000 cells(500 μl) of
sample to be sorted (see Note 2).

6. Transfer 500 μl (500,000 cells) into each flow tube. Due to the
nature of the bioassay, no tube may contain more than 500 μl of
volume or 500,000 cells, as it is a very concentration-specific
assay.

7. Add 5 μl of DEAB into the tube labeled DEAB and mix well.

8. Add 2.5 μl of Aldefluor substrate into each tube, except the
tube labeled with PI or 7-AAD only. Add the substrate to the
tube labeled DEAB last. Mix all the tubes well.

9. Place all the tubes (including PI or 7-ADD only tube) into a
water bath preset to 37 �C, making sure that there is a lid as the
reaction is light-sensitive.

10. Incubate the tube at 37 �C for 30–60 min (seeNote 3). Do not
exceed 60 min (see Note 4).

11. After a 30–60-min incubation, the tubes can be removed from
the water bath and brought back to the flow hood. If there is
no sorting required, and there are only three tubes (PI or 7-
AAD only, DEAB,ALDH) proceed to step 13.

12. If the cells are going to be sorted, pipette all the volume in the
tubes labeled ALDH into a single tube labeled ALDH and
centrifuge for 5 min at 250 � g. Resuspend the sample in
Aldefluor assay buffer to a concentration of 2,000,000 cells/
ml (this is half the volume used during the incubation) and
proceed to step 13.
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13. Add 2 μl of 1 μg/ml dye probe to PI or 7-AAD tube, DEAB
tube and the ALDH tube if for analysis only. If the ALDH tube
is to be sorted and has more than 500,000 cells in it, add 20 μl
for ml of volume in the ALDH tube (see Note 5).

3.2 Flow Cytometer

Set Up and Data

Acquisition

3.2.1 Prepare an

Acquisition Template

1. Create a Forward Scatter (FCS) vs. Side Scatter (SSC) dot plot,
to select in a gate (P1) nucleated cells population based on
scatter excluding RBCs and debris.

2. Create a Fluorescence Channel 1 (FL1) vs. SSC dot plot, gated
on P1 (see Note 6).

3.2.2 To Set Up Analyzer

and Acquire Data

1. Place DEAB negative control sample on the cytometer.

2. Adjust the FL1 photo-multiplier voltage so that the stained
population is placed at second log decade and gated on P1.

3. Remove the tube.

4. Place the ALDH test sample on the cytometer. Create a gate
(P2) to encompass the ALDHbright population using the same
instrument settings (see Note 7).

5. ALDHbright cells derived from fresh biopsies or heterogeneous
cell populations can have different SCC characteristics and the
gate must be set correctly. For example, if epithelia cells are
used, it is a good practice to stain the cells with an epithelial
marker and gated on epithelial cells.

6. To exclude dead cells, create an FSC vs. viability stain dot plot
gated on P1, and gate on cells within the first log decade on the
viability stain axis.

7. Sometimes, depending on DNA probe used, it is necessary to
perform a compensation setting. PI dye emits in PE fluores-
cence and ALDH in FITC fluorescence. PE emission is largely
detected in the detector specific for PE but the emission tail lies
within the range of the bandpass filter used for the detection of
FITC. This will be seen as “false positive” signals in the FITC
channel and fluorescence compensation is needed to correct for
this overlap.

8. To perform a compensation, run a sample stained only with a
PE-labeled dye such as PI. Observe the signal in both PE and
FITC channels.

9. Adjust the compensation settings until no PE signal is seen in
the FITCchannel: (FITCþPEoverlap)�(PEoverlap)¼accu-
rate FITC results

10. Collect almost 100,000 events in P1 for each sample.

3.2.3 Cell Sorting 1. The sorting gates are established using as negative controls the
cells stained with PI or 7-ADD only.

2. First to perform cell sorting, it is important to exclude doub-
lets. Doublet exclusion is to ensure count single cells and
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exclude doublets from the analysis. If a doublet containing a
fluorescence positive and negative cell passes through the laser,
it will produce a positive pulse leading to false positives in both
analysis and sorting experiments.

3. Doublet exclusion is performed by plotting the height or width
against the area for forward scatter or side scatter. Doublets will
have double the area and width values of single cells while the
height is roughly the same. Therefore, disproportions between
height, width, and area can be used to identify doublets.

4. ALDHbright and ALDH� fractions are sorted.

5. Aliquots of ALDHbright and ALDH� sorted cells are evaluated
for purity by flow cytometry. The purity must be almost 80%.

6. ALDHbright and ALDH� sorted cell populations are cultured in
a standard medium, used for in vivo and in vitro experiments,
analyzed for stemness markers and spheres formation assay (see
Note 8).

4 Notes

1. Optimal cell concentration may vary among different cell types.
Therefore, it is necessary to individuate the cell concentration
that gives the strongest fluorescence intensity of ALDHbright

cells and the highest signal-to-background ratio and, for hetero-
geneous cell samples, the best distinction between ALDHbright

and ALDHlow cells. Suggested concentrations of cells per ml of
ALDEFLUORTM samples can be: 1� 105, 2� 105, 5� 105,
1� 106, 2� 106.Moreover, it is good practice to use cells that
have a high ALDH activity as positive control. Usually, A549 cell
line can be used as positive control cell line for ALDH activity.

2. If the samples contain fewer than 90% viable cells, it is recom-
mended to stain the cells with a DNA dye, such as propidium or
7-actinoaminomycin-D, to stain dead cells.

3. The cells will settle to the bottom of the tube and each tube
must be mixed every 15 min for the assay to work.

4. Optimal incubation times may vary among different cell types.
Therefore, it is necessary to test different times. Suggested
incubation times can be 15 min, 30 min, 45 min, and 60 min.

5. To perform double staining with a cell surface marker (example
ALDHbright/CD44), after step 13, incubate for 15–30 min at
2�C to 8 �C samples with antibody. Centrifuge test control tube
with antibody, DEAB and ALDH at 250 � g for 5 min, then
remove the supernatant for each tube. Resuspend each cell pellet
in 0.5 ml Aldefluor Assay Buffer.

6. FL1 is assumed to correspond to green fluorescence signal.
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7. Cells with high ALDH activity are identified in comparison with
DEAB negative control sample.

8. Sorted cells are cultured in media supplemented with an excess
of gentamicin to avoid contamination being the sorting semi-
sterile.
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Chapter 5

Isolation of Cancer Stem Cells by Side Population Method

Masayuki Shimoda, Masahide Ota, and Yasunori Okada

Abstract

The Hoechst side population (SP) method is a flow cytometry technique used to obtain stem cells based on
the dye efflux properties of the ATP-binding cassette (ABC) transporters. The SP cells are characterized by
their capability to efflux the fluorescent DNA-binding dye Hoechst 33342 through their ABC transporters
and are enriched in stem cells, which are endowed with a self-renewal capacity and multilineage differentia-
tion potential and express the stemness genes including ABC multidrug transporters. The protocols out-
lined in this book chapter describe the isolation method of the SP cells from human lung carcinoma cell
lines by using Hoechst 33342. In addition, we refer to the propagation method of SP cells by successive
rounds of fluorescence-activated cell sorting analysis for SP cells. These approaches will be helpful for the
establishment of novel in vitro and in vivo models using cancer stem cells, which may play a key role during
carcinogenesis and/or tumor progression.

Key words Side population, Main population, Cancer stem cell, Hoechst 33342, Flow cytometry,
Propagation of side population cells, Lung carcinoma cell lines

1 Introduction

The Hoechst side population (SP) method is based on the differen-
tial potential of cells to efflux the fluorescent DNA-binding
Hoechst dye via the verapamil-sensitive ATP-binding cassette
(ABC) transporters expressed within the cell membrane [1, 2].
ABC transporters belong to the superfamily of membrane pumps
that perform ATP-dependent transport of various endogenous
materials and xenobiotics from the cells. The SP cells expressing a
sufficient number of ABC transporters are able to actively efflux the
dye out of the cells. The protocol for the isolation of SP cells was
originally established for murine bone marrow hematopoietic stem
cells (HSCs) [1]. The bone marrow SP cells have been shown to be
highly enriched for functional HSCs and also overlap with the
phenotypically defined CD117+Sca-1+Lin�Thy1lo HSC population
[3, 4]. This method has been adapted for stem cell isolation in
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other tissues including the umbilical cord blood [5], skeletal muscle
[6], kidney [7], liver [8], mammary glands [9], lung [10], and
forebrain [11]. Importantly, stem cells that exhibit SP properties
are rare in most tissues and often constitute a heterogeneous popu-
lation, depending on organ type and stage of development.

Accumulated lines of evidence have indicated that malignant
neoplastic cells contain a small subpopulation of cells with proper-
ties of tumor initiation, self-renewal, resistance to chemotherapy,
and metastatic potential, which are called cancer stem cells (CSCs)
or tumor initiating cells [12]. CSCs were initially identified in the
hematopoietic malignancies [13] and then observed in various solid
tumors such as the prostate [14], ovarian [15], gastric [16], breast
[17], and lung [18] carcinomas. In most cases, current therapies
targeting the bulk of cancers do not eradicate CSCs completely, and
thus the development of therapeutic strategies targeting CSCs is
necessary. Techniques focusing on the CSC-specific cell surface
markers, the aldehyde dehydrogenase activity, or the ability of
floating sphere formation in serum-free medium have been applied
to isolate CSCs from malignant tissues and established cell lines
[19]. Besides these methodologies, the Hoechst SP technique is a
useful method that enables us to isolate CSCs from various cancer
tissues and/or cell lines by using fluorescence-activated cell sorting
(FACS) [20–28]. The SP cells are present in a number of cancer
tissues and shown to display increased capability of self-renewal and
tumorigenicity when transplanted into immunocompromised
mice. Moreover, the SP cells from the colon, breast, and lung
carcinomas display high expression of stem cell-related genes [23,
29, 30]. Therefore, the SP cells are thought to represent one of the
putative cancer stem cell populations.

The Hoechst SP technique is commonly used for stem cell
isolation. However, as compared to the isolation method utilizing
cell surface markers, this method requires an additional dye incuba-
tion step for the appropriate equilibration of the Hoechst dye
between the extracellular and intracellular compartments prior to
dye efflux by the action of the ABC transporters. The ABC
transporter-mediated dye efflux is a dynamic biological process
that is highly sensitive to modifications in the staining conditions
such as Hoechst concentration, temperature, duration, and light
conditions. In addition, the percentage of SP cells depends on the
cell culture conditions including cell density, nutrient composition,
serum and oxygen levels. Thus, experimental results may occasion-
ally have a problem in reproducibility. In this chapter, we describe
the protocol for the Hoechst SP method to obtain the reproducible
results andmention the propagation of the SP fraction by successive
rounds of the FACS analysis of the SP cells.
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2 Materials

1. Cell Lines: Lung carcinoma cell lines including A549, PC-9,
and H1650 are available from American Type Culture Collec-
tion (Manassas, VA, USA) or Immuno-Biological Laboratories
(Gunma, Japan) or other sources.

2. Culture medium: RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS), 100 UI/mL penicillin, and
100 μg/mL streptomycin.

3. Dissociation solution: Trypsin-EDTA solution consisting of
0.05% Trypsin and 0.53 mMEDTA or Cell Dissociation Buffer
(Invitrogen, Carlsbad, CA, USA).

4. Incubation solution: RPMI 1640 medium, 5% FBS, and
10 mM HEPES.

5. Running solution: ice-cold PBS solution containing 2% FBS
and 10 mM HEPES.

6. Hoechst 33342 solution (10 mg/mL in distilled water). The
solution is diluted at a concentration of 1 mg/mLwith distilled
water, filter-sterilized and then stored at �20 �C in 1 mL
aliquots in the dark. The “working” stock solution is covered
with aluminum foil and kept at 4 �C.

7. Verapamil, an ABC transporter inhibitor, is dissolved at a con-
centration of 100 mM in 95% ethanol and stored at �80 �C in
2.5 μL aliquots in the dark. The aliquot of 100mM verapamil is
diluted to 5 mM with phosphate-buffered saline (PBS), and
added to cell suspension at a final concentration of 100 μM.
The remains of the diluted solution should be discarded with-
out re-use.

8. Propidium iodide (PI) solution (1 mg/mL solution in distilled
water) is stored at 4 �C in 100 μL aliquots in the dark. The
“working” stock solution should be covered with aluminum
foil and kept at 4 �C.

9. FACS analyses of the SP fractions can be carried out by using a
flow cytometer such as Moflo (Beckman, Brea, CA, USA) or
equivalent and a FlowJo software (Tree Star, Ashland, OR,
USA) or equivalent.

10. Freezing solution: CELLBANKER® (Nippon Zenyaku Kogyo
Co., Ltd. Koriyama, Fukushima, Japan) or FBS with 10%
dimethyl sulfoxide (DMSO).

3 Methods

3.1 Cell Preparation

Protocol

1. All the cell lines are grown in culture dishes within a chamber
with a humidified atmosphere in a 37 �C incubator supplied
with 5% CO2.

CSCs and Side Population 51

vincenzo.desiderio@unicampania.it



2. When they reach at 50–75% confluence, the culture medium is
discarded from the dishes (see Note 1).

3. The cells are washed once with Ca2+/Mg2+-free PBS solution.

4. They are dissociated by incubation with dissociation solution
(1–2 mL per 10-cm dish) in a CO2 incubator at 37

�C. The cell
layer is detached usually within 3–5 min in 0.05% Trypsin/
0.53 mM EDTA solution or within 10–15 min in Cell Dissoci-
ation Buffer (see Note 2).

5. Culture medium, which inactivates proteinase activity of tryp-
sin and stops the action of Cell Dissociation Buffer, is added to
the culture dishes (3–6 mL per 10 cm dish), and cells are
dissociated into single cells by gently pipetting.

6. The cell suspension is transferred to a centrifuge tube, and spun
down at 1000 rpm (190 � g) for 5 min at room temperature.

3.2 Hoechst SP

Method Protocol

1. The cell pellet is suspended at 1.0 � 106 cells per mL in the
incubation solution (seeNote 3). The cell suspension is supple-
mented with a certain concentration of Hoechst 33342 (see
Note 4) in the absence or presence of 100 μM verapamil, an
ABC transporter inhibitor (see Note 5).

2. The cells in suspension in the incubation solution supplemen-
ted with Hoechst 33342 in the absence or presence of verapa-
mil are incubated in a water bath at 37 �C for 90 min by gently
agitating every 30 min.

3. After the incubation, the cells are spun down at 190 g for 5 min
at room temperature.

4. The cell pellet is resuspended at 1.0 � 106 cells per mL in the
running solution.

5. The suspended cells are supplemented with 2 μg/mL of PI and
left on ice about 5 min before FACS analysis. This step allows
us to exclude dead cells and cell debris as PI permeates cells that
do not have an intact membrane.

6. The SP and non-SP, i.e., main population (MP), cell fractions
in the viable cells are analyzed by flow cytometer. When two or
more cell samples are analyzed, the cell suspensions are main-
tained at 4 �C before flow cytometry analysis.

7. During flow cytometry analysis, theHoechst dye is excited with
a UV laser at 355 nm and its fluorescence emission is measured
with both 505 long-pass 670/40 filter (Hoechst Red) and
450/50 filter (Hoechst Blue). The representative Hoechst
dye efflux profiles showing the SP and MP cell fractions of
A549 or PC-9 cells in the absence or presence of verapamil
are shown as Fig. 1 (see Note 6).

8. The SP and MP cell fractions are collected by FACS in 1 mL of
the culture medium.
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9. Both the collected SP and MP cells are centrifuged at 190 � g
for 5 min at room temperature.

10. The cell pellets are washed more than twice with the culture
medium (seeNote 7), and the cells are resuspended in the same
medium.

11. They are either used directly for further experiments of char-
acterizations of the SP and MP cells or cultured in a CO2

incubator at 37 �C to increase number of the cells sufficient
for further studies.

3.3 Propagation of

SP Fraction Protocol

1. The SP cells collected by FACS analysis are centrifuged at
190 � g for 5 min at room temperature.

2. The cell pellets are washed more than twice with the culture
medium (seeNote 7), and the cells were suspended in the same
medium.
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Fig. 1 Representative flow cytometric profiles obtained after staining A549 and PC-9 lung carcinoma cell lines
with 5 μg/mL Hoechst 33342 in the absence (left panel) or presence of verapamil (right panel). The SP and MP
factions are outlined, showing their percentages
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3. They are then cultured in the medium in a CO2 incubator at
37 �C by changing the medium every three days.

4. When the cells reach at 50–75% confluence after culturing for
4–7 days, they are subjected to the Hoechst SP method by
following the steps as described in Subheading 3.2, and this
step is repeated several times (see Note 8). The Hoechst dye
efflux profiles showing the SP and MP cell fractions of A549
cells sequentially sorted up to nine times are presented in
Fig. 2. Note that percentage of the SP cells ~10-fold increases
after the propagation.

3.4 Freezing and

Thawing of SP Cells

1. The SP cells or the propagated SP cells in culture are washed
once with Ca2+/Mg2+-free PBS solution.

2. They are dissociated by incubation with the dissociation solu-
tion in a CO2 incubator at 37 �C. The cell layer is detached
usually within 3–5 min in 0.05% Trypsin/0.53 mM EDTA
solution or within 10–15 min in Cell Dissociation Buffer (see
Note 2).

3. Culture medium is added to the culture dishes, and the cells are
dissociated into single cells by gently pipetting.

4. After centrifugation at 190 � g for 5 min, the cell pellets are
washed once with the culture medium, and suspended in the
freezing solution at 1.0 � 106 cells/mL.

5. The suspension is transferred into 2 mL cryogenic vials, gradu-
ally cooled down at a rate of 1 �C/min, and stored in liquid
nitrogen.

6. When thawing the frozen cells, they were quickly thawed by
immersion of the vials in a 37 �C water bath.

7. They are suspended in 10mL of the culture medium and rinsed
once with the same medium prior to culture on dishes.

8. The cells are cultured and dissociated when they reach 50–75%
confluency. The cell suspension is used for the Hoechst SP
method as mentioned above in Subheading 3.3.

4 Notes

1. Percentage of SP cells to total cells is influenced by culture
conditions such as cell density. To obtain the reproducible
data on the SP analysis, the conditions for cell preparation
and culture, especially confluency of the cells, should be similar
each time.

2. Agents used for cell dissociation depend on the purpose of the
following experiments. The 0.05% Trypsin/0.53 mM EDTA
solution is commonly used, but Cell Dissociation Buffer is
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Fig. 2 Propagation of A549-derived SP cells by successive rounds of FACS. (A) Schematic presentation of
propagation of A549-derived SP and MP cells. Both SP and MP cell fractions were sequentially sorted up to
nine times by applying the each fraction. Numbers in brackets indicate times of FACS analysis. (B)
Representative Hoechst-stained profiles of A549-derived SP(1), SP(2), SP(3), or SP(9) cells. The SP fractions
are outlined, showing their percentages
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suitable for the experiments such as cell adhesion assay imme-
diately after the isolation of the SP cells by FACS.

3. A concentration of 5% FBS is recommended, because the use of
a serum free-medium may result in low viability or low tumori-
genicity of the cells.

4. Appropriate concentrations of Hoechst 33342, usually ranging
from 1 to 10 μg/mL depending on cell types, should be
determined by titration curves for SP cell fractions (Fig. 3).
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Fig. 3 Determination of a concentration of Hoechst 33342 appropriate for obtaining SP cell fraction by flow
cytometric analysis. (A) Representative flow cytometric profiles after staining H1650 cells with different
concentrations of Hoechst 33342. Percentages of SP cell fractions, which disappear in the presence of
100 μM verapamil (data not shown for cells treated with 1, 3, or 10 μg/mL Hoechst), depend on concentra-
tions of Hoechst. Low concentrations of Hoechst such as 1 μg/mL lead to an unsaturated Hoechst profile,
where MP cells are introduced in the SP gate. On the other hand, cells treated with high concentrations of
Hoechst such as 10 μg/mL result in failure to obtain SP cell fraction, probably because the cells exposed to
high concentrations of Hoechst may not completely efflux the dye out of the cells or suffer from cell damage.
(B) Titration curve for SP cell fractions of H1650 cells treated with different concentrations of Hoechst 33342.
Note that the optimal Hoechst dye concentration lies within a plateau region as the percentage of SP cells is
considered to be stable, i.e., 5 μg/mL Hoechst in H1650 cells, which gives 0.86% of SP cell fraction
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Importantly, to confirm the specificity of the dye efflux, the
ABC transporter inhibition assay using verapamil is necessary
besides the Hoechst concentration curve.

5. Verapamil has been used at various concentrations ranging
from 50 to 200 μM in previous studies, but 100 μM verapamil
is suitable for the inhibition of the ABC transporters without
cell toxicity in human lung carcinoma cell lines.

6. The location of the SP in histograms is determined by identify-
ing the putative SP population that disappears by treatment
with verapamil (Figs. 1 and 3).

7. Because the tubes in a FACSmachine are usually not sterile, the
collected cells by the FACS analysis should be washed twice or
more before being subjected to cell culture.

8. It takes a long time to propagate SP cells. Thus, the isolated SP
cells sometimes cannot help being stored in liquid nitrogen.
This step does not affect the percentage of the SP cell fraction
very much. However, repeated passages of the SP cells under
culture result in a decrease in percentage of SP cells.
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