W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjg@wijgnet.com
doi:10.3748 / wjg.v18.i33.4610

World | Gastroenterol 2012 September 7; 18(33): 4610-4617
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Side population cells isolated from KATO II human gastric
cancer cell line have cancer stem cell-like characteristics

Jun-Jun She, Peng-Ge Zhang, Xuan Wang, Xiang-Ming Che, Zi-Ming Wang

Jun-Jun She, Xiang-Ming Che, Department of General Surgery,
First Affiliated Hospital of Medical College, Xi’an Jiaotong Uni-
versity, Xi’an 710061, Shaanxi Province, China

Peng-Ge Zhang, Department of Mathematics, Xidian Univer-
sity, Xi’an 710061, Shaanxi Province, China

Xuan Wang, Department of Endocrinology, First Affiliated
Hospital of Medical College, Xi’an Jiaotong University, Xi’an
710061, Shaanxi Province, China

Zi-Ming Wang, Department of Urology, Second Affiliated Hospi-
tal of Medical College, Xi’an Jiaotong University, Xi’an 710004,
Shaanxi Province, China

Author contributions: She JJ, Che XM, Wang ZM made sub-
stantial contributions to conception and design; She JJ performed
the majority experiment and drafted the article, revised it criti-
cally for important intellectual content; Wang X performed partial
experiments and revised the manuscript; Zhang PG did the data
analysis; all authors approved the version to be published.
Supported by National Natural Science Foundation of China, No.
81072108 and No. 30600615; China Postdoctoral Science Founda-
tion and No. 20090450167 and No. 201003676; PhD Programs
Fund of the Chinese Ministry of Education, No. 20090201120068;
International Cooperation Program of Shaanxi Province, No.
2012KW-38; Science and Technology Program of Shaanxi Prov-
ince, No. 2010K14-02; and Basic Research Funds for the Central
Universities

Correspondence to: Jun-Jun She, PhD, Department of Gen-
eral Surgery, First Affiliated Hospital of Medical College, Xi’an
Jiaotong University, Xi’an 710061, Shaanxi Province,

China. sjuns@sina.com

Telephone: +86-29-85323870 Fax: +86-29-88202132
Received: August 8, 2011 Revised: February 29, 2012
Accepted: June 8, 2012

Published online: September 7, 2012

Abstract

AIM: To investigate whether the side population (SP)
cells possess cancer stem cell-like characteristics /n
vitro and the role of SP cells in tumorigenic process in
gastric cancer.

METHODS: We analyzed the presence of SP cells in
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different human gastric carcinoma cell lines, and then
isolated and identified the SP cells from the KATO I
human gastric cancer cell line by flow cytometry. The
clonogenic ability and self-renewal were evaluated by
clone and sphere formation assays. The related genes
were determined by reverse transcription polymerase
chain reaction. To compare tumorigenic ability, SP and
non-side population (NSP) cells from the KATO I hu-
man gastric cancer cell line were subcutaneously in-
jected into nude mice.

RESULTS: SP cells from the total population accounted
for 0.57% in KATO I, 1.04% in Hs-746T, and 0.02%
in AGS (CRL-1739). SP cells could grow clonally and
have self-renewal capability in conditioned media. The
expression of ABCG2, MDRI, Bmi-1 and Oct-4 was dif-
ferent between SP and NSP cells. However, there was
no apparent difference between SP and NSP cells when
they were injected into nude mice.

CONCLUSION: SP cells have some cancer stem cell-
like characteristics /n vitro and can be used for studying
the tumorigenic process in gastric cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cancer stem cells (CSC) have the characteristics of lon-
gevity, self-renewal and proliferation. It is believed that
cancer stem cells are responsible for the heterogeneity and
relapse of certain cancers. Flow cytometric analysis of cell
surface antigens has served as the main tool to character-
ize CSC. CSC populations have already been identified
in several solid tumors, including breast cancet" | brain
tumor”, prostate cancet” | melanoma!”, retinoblastoma',
lung cancer” and colon cancer”. CSC often expresses the
multi-drug resistant 1 (MDR1) or adenosine-triphosphate
(ATP)-binding cassette (ABC) transporter genes, which
help promote chemoresistance, a phenotype of side pop-
ulation (SP) cells™.

SP cells can efflux the DNA-binding dye Hoech-
st33342 through an ABC membrane transporter. SP
cells were initially investigated as part of the hemato-
poietic stem cells, and harbored stem cell-like character-
istics”. Although conflicting results have been recently
reported"”'!, most studies that investigated cell lines
and tumors such as Cal-51"?, human breast carcinoma
(MCF7)"™ human glioma (U373)" mouse ovarian
carcinoma (MOVCAR 7)™ human nasopharyngeal car-
cinoma (CNE-2)"), Huh7 and PLC/PRE/5 hepatocel-
lular carcinoma™'®, 4T1 and NXS2 murine carcinoma'"”
showed that these cell lines or tissues possessed SP cells,
which were described to have stem cell-like fractions.
Most studies suggested that SP cell analysis can be used
to identify cancer stem cell populations“sl

Gastric cancer is the second most common cancer
in the world. A total of 21 000 new cases of gastric
cancer were diagnosed in the United States in 2010 with
a projected five-year mortality rate exceeding 65%!".
Aggressive surgery followed by chemotherapy resulted
in a clinical response of 20%-35%. However, a majority
of patients relapse and become drug-resistant. Various
types of ABC transporters, especially ABC transporter
genes 2 (ABCG2), contribute to drug resistance in can-
cers including gastric cancer, by Zpurnping chemothera-
peutic drugs out of cancer cells™. Therefore, SP cells
could be used as a therapeutic target and for preventing
relapse and drug-resistance in gastric cancer as well.

In this study, we analyzed the percentage of SP and
non-side population (NSP) cells from several gastric can-
cer cell lines. By doing so, we sorted SP and NSP cells
separately from the KATO I cell lines and estimated
whether the SP cell fraction possessed cancer stem cell-
like characteristics 7 vitro.

MATERIALS AND METHODS

SP and NSP presentation
The human gastric cancer cell lines including KATO
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I (ATCC NO: HTB-103), Hs-746T (HTB-135) and
AGS (CRL-1739) were procured from American Type
Culture Collection. KATO III and Hs-746T were grown
in DMEM supplemented with 100 mL/L fetal bovine
serum (FBS) and penicillin/streptomycin at 37 °C in a
humidified atmosphere with 50 mL/L CO:z. AGS was
grown in RPMI-1640 supplemented with 100 mL/L
FBS and penicillin/streptomycin at 37 'C in a humidi-
fied atmosphere with 50 mL/L COz. To analyze SP and
NSP cell fractions, the cells were removed from their
dishes with 2.5 g/L trypsin and 0.5 g/L ethylenediami-
netetraacetic acid, centrifuged, washed with PBS and
resuspended at 37 'C in Hank’s balanced salt solution
(HBSS) containing 20ml/L FBS. Cells (1 X 10°) were la-
beled in HBSS with 5.0 mg/L Hoechst33342 dye (Sigma,
St. Louis, MO) either alone or in combination with 50
mol/L verapamil (Sigma, St. Louis, MO) at 37 'C for
90 min. After washing three times with PBS, the cells
were resuspended in HBSS containing 20 mL/L FBS
and 1mmol/L 4-(2-hydroxyethyl)-1-piperazine ethane-
sulphonic acid (HEPES), passed through a 40-um mesh
filter, then maintained at 4 ‘C until flow cytometric analy-
sis. Then, 1 X 10° viable cells were analyzed and sorted
using a FACS Vantage SE Cell Sorter (BD Biosciences,
CA). The Hoechst dye was excited with a UV laser and
its fluorescence was measured with both 675/20 (Hoechst
Red) and 424/44 filters (Hoechst Blue). The analysis was
repeated three times.

Clone formation assays

Following melting 10 g/L agar (DNA grade) in the mi-
crowave and warming 2 X Dulbecco’ modified eagle
medium (DMEM) supplemented with 200 mL/L FBS
to 40 C in a water bath, equal volumes of the two solu-
tions were mixed to yield a new solution of 5 g/L agar, 1
X DMEM and 100 mL/L FBS. Next, 1.0 mL of mixed
solution was added to each well of a 6-well plate to form
the base agar. Then, 7 g/L agar (DNA grade) was melted
in the microwave and cooled to 40 ‘C in a water bath;
similatly, 2 X DMEM and 200 mL/I. FBS were warmed
to the same temperature. Freshly sorted SP and NSP cells
from KATO III were passed through a 40-pum filter to
provide a single cell suspension and were counted. Three
mL DMEM, 1.5 mL 2 X DMEM containing 200 mL/L
FBS and 1.5 mL agar including 400 cells were then mixed
together, and a 1.5 mL cell suspension of this solution
was placed into each well of a 6-well plate as the top agar.
Finally, 100 cells were seeded into each well, and were
incubated at 37 ‘C in a humidified incubator for 2-3 wk.
Colonies were either left unstained, or were stained with
5 g/L MTT (Sigma, St. Louis, MO) for no more than
one hour, and counted under a dissecting microscope.
The procedure was repeated three times. After SP cells
were seeded in soft agar assays, colonies containing more
than 50 cells (primary colony) were removed from soft
agar with sterile Pasteur pipettes, treated with trypsin and
mechanically dissociated into single cells. Then, 100 cells
were seeded into each well at 37 C in a humidified incu-
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bator for another 2-3 wk. Colonies (secondary colony)
were stained with 5 ¢/I. MTT for no more than one
hour, and counted under a dissecting microscope. The
procedure was repeated three times.

Lentivirus infection

Plasmid DNA was kept at a 3:3:1 ratio [Vector (EGFP):
A8.91: VSV-G]J according to the lipofectamine protocol
(Invitrogen). Next, 2.5 pg plamid DNA was diluted in
500 pL serum-free DMEM for each well, and 2.5 uL. Mix
PLUS reagent and 6.25 pl. Lipofectamine™ LTX reagent
were added to the diluted DNA and incubated for 30 min
at room temperature. Then, approximately 500 puL of the
DNA-Lipofectamine™ LTX complex was added to each
well containing 293FT cells, which were 40%-50% conflu-
ent. The cells were incubated at 37 'C in a CO:2 incubator
for six hours and the medium was changed for transfected
cells. After 24 h, the media from 293FT cells was collect-
ed, and 8 mg/L polybrene was added and transferred to
target cells. The transfer of media from 293 FT to KATO
I cells was repeated after 24 h and 48 h.

Sphere formation assays

To test sphere formation in suspension, sorted SP and
NSP cells from KATO III were passed through a 40-um
filter to provide a single cell suspension. Next, 4 mL me-
dium containing 100 cells were added to the 6-well plates
with serum-free media including F12 with EGF (10 pg/
L), insulin (20 mg/L) and basic fibroblast growth factor
(bFGF) (10 pg/L). Aliquots of epidermal growth factor
(EGF), insulin and bFGF were added twice a week. After
10-14 d, plates were visually assayed for the formation of
floating spheres. To assess the ability of primary spheres
to form secondary spheres, colonies containing more
than 30 cells were collected by centrifugation and trypsin-
ized to yield single cells. After passing through a 40-um
filter, 4 mL serum-free media containing 100 cells were
added to each 6-well plate and were cultured 10-14 d for
secondary sphere formation. Spheres were counted under
a dissecting microscope.

Gene expression detection

1 % 10’ SP and NSP cells from the KATO I total popu-
lation were collected in a separate centrifuge tube with
350 uL RLT buffer containing 10 g/L 2-mercaptoethanol,
total RNA was extracted from these cells using a RNeasy
Mini Kit (Qiagen, CA) according to the protocol provid-
ed by the manufacturer. RNA was transctibed into cDNA
using the SuperScript First-Strand Synthesis System
(Invitrogen, CA). RT-PCR was performed using a Super-
Script One-Step kit (Invitrogen, CA). The primers were
as follows: Glyceraldehyde-3-phosphate dehydrogenase,
5-CTG CAC CAC CAA CTG CTT AG-3 and 5-AGG
TCC ACC ACT GAC ACG TT-3; ABCG2, 5-GGG TTC
TCT TCT TCC TGA CGA CC-3 and 5-TGG TTG
TGA GAT TGA CCA ACA GAC C-3; MDRT1, 5-GCC
TGG CAG CTG GAA GAC AAA TAC-3 and 5-ATG
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GCC AAA ATC ACA AGG GTT AGC-3; B-cell-specific
Moloney murine leukemia virus insertion site 1 (Bwz-T),
5-AGC AGA AAT GCA TCG AAC AA-3 and 5-CCT
AAC CAG ATG AAG TTG CTG A-3; Octamer-binding
transcription factor 4 (Oct-4), 5-GAG AAT TTG TTC
CTG CAG TGC-3 and 5-GTT CCC AAT TCC TTC
CTT AGT G-3. The PCR products were separated by
electrophoresis on a 20 g/L agarose gel.

Tumor formation assays

Sorted SP and NSP cells from KATO III were resus-
pended in 50 pI. HBSS, ranging in density from 10" cells
to 10 cells, and then mixed with 50 pL Matrigel (Becton
Dickinson, NJ) to prevent injected cell dispersion and
loss. Then, cells were subcutaneously injected into 6- or
7-wk old nude mice on the day of sorting. Nude mice
were obtained from the Animal Institute of the Xi’an
Jiaotong University, China (XJTU). All experiments were
approved by the Animal Cate Committee of XJTU. Mice
were monitored every day to assess tumor formation for
0-8 wk after transplantation.

Statistical analysis
All values were expressed as mean * SD. Any significant
difference among mean values was further evaluated by
the Student’s 7 test.

RESULTS

Identification of SP in gastric cancer cell lines
SP was identified through their fluorescence profile in a
dual-wavelength analysis by flow cytometry (Hoechst red
675/20; Hoechst blue 424/44), and were shown as a chat-
acteristic tail separated from the complete population.
The percentage of SP cells in human gastric cancer
cell lines was 0.57% in KATO I, 1.04% in Hs-746T, and
0.02% in AGS (Figure 1). SP cells decreased in number
following treatment with verapamil, an inhibitor of the
ABC transporter. To further investigate the function of
SP and NSP cells in these gastric cancer cell lines, 7z vi-
tro and #n vivo tumorigenicity was studied mainly among

KATO I cells.

Clone formation

The clonogenic ability of SP and NSP cells were exam-
ined when seeded as single cells. The clonogenic effi-
ciency of SP cells was significantly higher than NSP cells
in soft agar assays (Figure 2A and B). Moreover, most SP
cells could divide into colonies of more than 50 cells in
soft agar after three wecks. There was no apparent dif-
ference between NSP cells and the complete population.
The self-renewal ability of SP cells was also examined
in serial soft agar assays. There was an increase in clo-
nogenic efficiency from primary to secondary colonies.
Moteovet, secondary colonies were similar in size to the
primary colonies, thus demonstrating that SP cells can
maintain and expand themselves in serial soft agar assays.
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Figure 1 Side population and non-side population cells from several human gastric cancer cell lines were analyzed through uptake of the DNA binding
dye Hoechst33342 with or without the presence of verapamil. NSP: Non-side population; SP: Side population.

To ascertain whether the colony comes from a single cell,
KATO I was infected with enhanced green fluorescent
protein-expressing (EGFP) lentivirus and equal numbers
of KATO II-GFP and KATO III cells were seeded from
primary to second passage into serial soft agar assays. It
was revealed that KATO II-GFP cells expressed strong
green fluorescence and showed a similar growth rate
compared to non-infected KATO II. Moreover, there
were no mixed colonies (Figure 2C), indicating that the
colonies came from single cells.

Sphere formation
The ability of SP and NSP cells to generate spherical
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clones and self-renewal was evaluated by sphere forma-
tion assays (Figure 3A). It was difficult to observe float-
ing spheres from NSP cells (Figure 3B). SP cells started
to form floating spheres after 2-3 d of seeding, and be-
came primary spheres of more than 30 cells after 10-14 d
(Figure 3C). The secondary sphere occurred slightly more
quickly and frequently than the primary spheres, suggest-
ing that SP cells have self-renewal ability.

Gene expression

First, the expression of ABC transporters, including
ABCG2 and MDRT, was observed, which was significant-
ly higher in SP than in NSP cells (Figure 4). To further
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Colonies per well

50
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Figure 2 Soft agar assays and fluorescence for KATO I-green fluorescent protein cells. A: Side population (SP) cells (A-2) were more clonogenic than non-
side population (NSP) cells (A-1); B: The assay was repeated 3 times, and the column diagram indicated that there was a statistically significant difference in clono-
genic efficiency between SP and NSP cells (*P < 0.05 vs NSP cells); C: KATO IlI-green fluorescent protein (GFP) cells expressed strong green fluorescence in regular
culture, with no mixed colonies resulting from a single KATO II-GFP cell. C-1 was observed under white light, while C-2 was observed under fluorescent light.

determine whether SP cells have stem cell-like character-
istics, SP and NSP cells were examined for their expres-
sion of stem cell markers. The results demonstrated that
the expression of Oct4 and Bmi-1 in SP cells was higher
than in NSP cells (Figure 4), suggesting that SP cells had
some of the characteristics of undifferentiated stem cells.

Tumor formation

To compare tumorigenic ability, SP and NSP cells from
the KATO III human gastric cancer cell line were sub-
cutaneously injected into the nude mice. Each mouse
was individually injected with different amounts of SP
and NSP cells. Six weeks after injection, although tumor
diameter was smaller in NSP than in SP cells, four out of
six mice could form tumors when injected either with SP
or NSP cells (Table 1). All remaining mice could form
tumors after eight weeks.

DISCUSSION

To our knowledge, there has been no report identifying
SP cells from the gastric cancer cell lines. As such, in this
paper we analyzed SP and NSP cells in the KATO 1II,
Hs-746T and AGS human gastric cancer cell lines. In
the KATO III and Hs-746T cell lines, which have a high
tumorigenic ability, SP cells accounted for 0.57% and
1.04% of the total population, moreover, they occupied
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0.02% in the high tumorigenic AGS cell line. Therefore,
it is challenging to draw a conclusion from the percent-
age of SP cells in different cell lines to compare their
tumorigenic ability. These data are consistent with the C6
glioma cell line, which was mainly composed of cancer
stem cells, although many of these cells were neither
CD133+ nor a side population. Further studies are
therefore needed to compare the relationship between SP
prevalence and tumorigenicity.

Single cells that grow anchorage-independently in
soft agar are known to be malignant. Thus, cell lines
should contain those cells which could form colonies
and those that did not form colonies in soft agar assays.
As such, soft agar assays can be used to investigate this
tumorigenic ability 7 vitro. By seeding the mixed cells of
KATO II-GFP and KATO III into soft agar, we could
conclusively determine that colonies came from single
cells. The clonogenic ability of SP cells isolated from
KATO I was higher than that of NSP cells in soft agar
and sphere forming assays. This is in agreement with the
reports for the MCF7" and ARO"" cell lines. In original
animal transplant experiments, SP of KATO Il were in-
jected into nude mice subcutaneously, ranging in density
from 10" to 10° cells. The tumor forms in mice by inject-
ing 10" (2 out of 2) and 10 cells (2 out of 2) SP in 6 wk.
The other mice did not form tumor by injecting 5 X 107
(0 out of 2) and 1 x 10” cells (0 out of 2) SP until week
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Figure 3 Serial sphere assays. A: The assay was repeated 3 times, and the
column diagram indicated a statistically significant difference in clonogenic ef-
ficiency between non-side population (NSP) and side population (SP) cells in
primary and secondary sphere assays (°P < 0.05 vs NSP cells); however, there
was no significant difference between primary and secondary sphere assays; B:
Sphere assay for NSP cells; C: Sphere assay for SP cells.

10. In tumor formation assays, SP and NSP of KATO
Il ranging from 10* to 10’ cells were injected. In our
study, 12 injection sites for SP cells could form tumors
in six weeks. However, 12 injection sites for NSP cells
could also form tumors as well, although the observation
period had to be increased to eight weeks. There was no
significant difference in tumorigenicity iz vivo between
SP and NSP cells, which suggested that although CSC
was enriched in SP cells, it may contain both SP and NSP
cells.

Indefinite self-renewal is one of the essential proper-
ties of stem cells. A stem cell could undergo asymmetric
division continuously, producing one cell that retains
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SP NSP

Figure 4 Glyceraldehyde-3-phosphate dehydrogenase, adenosine-
triphosphate-binding cassette sub-family G member 2, multidrug resis-
tance protein 1, B-cell-specific Moloney murine leukemia virus insertion
site 1 and octamer-binding transcription factor 4 RNA expression of side
population and non-side population cells isolated from KATO II by re-
verse transcription polymerase chain reaction. SP: Side population; NSP:
Non-side population; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
ABCG2: Adenosine-triphosphate-binding cassette sub-family G member 2;
MDR1: Multidrug resistance protein 1; Bmi-1: B-cell-specific Moloney murine
leukemia virus insertion site 1; Oct-4: Octamer-binding transcription factor 4.

Mouse Cell Cell dose Tumor diameter (cm)
A SP 1x10* 2.0
1x10° 1.0
NSP 1x10* 2.0
1x10° 0.5
B SP 1x10* 24
1x10° 13
NSP 1x10* 2.0
1x10° Not tested
C SP 1x10* 2.0
1 x10° 1.1
NSP 1x10* 2.0
1 x10° 0.9
D Sp 1 x 10* 22
1x10° 1.2
NSP 1 x 10* 1.9
1x10° 1.0
E SpP 1 x 10* 1.8
1x10° 1.2
NSP 1 x10* 1.8
1x10° Not tested
F SpP 1 x 10* 2.0
1x10° 1.0
NSP 1 x10* 1.8
1x10° 1.0

SP: Side population; NSP: Non-side population.

self-renewal ability and differentiates into a mature cell.
Stem cells and progenitor cells have the property of
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anchorage-independent growth[zzl. Therefore, soft agar
and sphere formation assays can be used to test the self-
renewal ability of stem cells iz vitro™". In serial soft agar
and sphere formation assays, single cells isolated from
primary colonies coming from SP cells could form a
secondary colony, suggesting that SP cells have the self-
renewal capacity.

Bmi-1 is a transcriptional repressor belonging to the
polycomb group of transcription factors. It has been
shown to be important in the self-renewal of both nor-
mal and leukemic stem cells, as well as neuronal stem
cells™. Oct-4 is a POU homeodomain transcription fac-
tor that is a key regulator of self-renewal in embryonic
stem cells™. Cellular expression of Oct-4 is believed to
have the capacity for self-renewal”™. Moreover, the self-
renewal ability of cancer stem cells could drive tumori-
gencityml. Oct-4 and Bmi-1 overexpression in SP cells
isolated from KATO I was observed, which might re-
flect the property of self-renewal of SP cells.

While ABCG2 can efflux the DNA binding dye
Hoechst 33342, which could induce an SP phenotype,
MDRT1 is the best-studied member of the ABC trans-
porter superfamily of genes™. The expression level of
ABCG2 and MDR7 mRNA was higher in SP than in
NSP cells as determined by RT-PCR analysis, which con-
tributes to the chemotherapeutic resistance of SP cells,
and thus may be a target for cancer therapy.

COMMENTS

Background

Gastric cancer is the second leading cause of cancer-related deaths worldwide.
Cancer stem cells have the characteristics of longevity, self-renewal and prolif-
eration. It is believed that cancer stem cells are responsible for the heterogene-
ity and relapse of certain cancers including gastric cancer.

Research frontiers

Side population (SP) cells can efflux the DNA-binding dye Hoechst33342
through an adenosine-triphosphate-binding cassette (ABC) membrane trans-
porter and harbor stem cell-like characteristics. Recent studies suggested that
SP cell analysis can be used to identify cancer stem cell populations. However,
there has been no report identifying SP cells from the gastric cancer cell lines.

Innovations and breakthroughs

This is the first study to analyze SP and non-side population (NSP) cells in sev-
eral human gastric cancer cell lines. The clonogenic ability of SP cells isolated
from KATO III was higher than that of NSP cells in soft agar and sphere form-
ing assays. Oct-4 and Bmi-1 overexpression in SP cells isolated from KATO
1T might reflect the property of self-renewal of SP cells. Moreover, ABCG2 and
MDR1 overexpression contributes to the chemotherapeutic resistance of SP
cells, and thus may be a target for cancer therapy.

Applications

SP cells could be used as a therapeutic target and for preventing relapse and
drug-resistance in gastric cancer.

Terminology

Cancer stem cells are characterized by its self-renewal capacity, differentiation
potential, and cancer-initiating ability. Side population cells expressing the ABC
transporter were distinguished from whole cell population. Recent studies dem-
onstrated that SP cells could be characterized as cancer stem cells in primary
tissues and tumor cell lines, therefore, it was postulated to be responsible for
tumor development and recurrence.

Peer review

Overall, this paper is very well written with good English and solid methodology.
The biggest issue is that the content is not new. Basically, what the authors did
was to confirm and characterize the side population cells in gastric cancer cell
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lines, which is not surprising. With that said, it is believed no one has done it in
these cells, and it still may somewhat be informative to readers.
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