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Abstract:    This paper aims to screen and identify sphere clone cells with characteristics similar to cancer stem cells 
in human gallbladder cancer cell line GBC-SD. GBC-SD cells were cultured in a serum-free culture medium with 
different concentrations of the chemotherapeutic drug cisplatin for generating sphere clones. The mRNA expressions 
of stem cell-related genes CD133, OCT-4, Nanog, and drug resistance genes ABCG2 and MDR-1 in sphere clones 
were detected by quantitative real-time polymerase chain reaction (PCR). Stem cell markers were also analyzed by 
flow cytometry and immunofluorescent staining. Different amounts of sphere clones were injected into nude mice to test 
their abilities to form tumors. Sphere clones were formed in serum-free culture medium containing cisplatin (30 μmol/L). 
Flow cytometry results demonstrated that the sphere clones expressed high levels of stem cell markers CD133+ 
(97.6%) and CD44+ (77.9%) and low levels of CD24+ (2.3%). These clones also overexpressed the drug resistance 
genes ABCG2 and MDR-1. Quantitative real-time PCR showed that sphere clones expressed stem cell genes Nanog 
and OCT-4 284 and 266 times, respectively, more than those in the original GBC-SD cells. Immunofluorescent staining 
showed that sphere clones overexpressed OCT-4, Nanog, and SOX-2, and low expressed MUC1 and vimentin. Tumor 
formation experiments showed that 1×103 sphere clone cells could induce much larger tumors in nude mice than 1×105 

GBC-SD cells. In conclusion, sphere clones of gallbladder cancer with stem cell-like characteristics can be obtained 
using suspension cultures of GBC-SD cells in serum-free culture medium containing cisplatin. 
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1  Introduction 
 

Cancer stem cells (CSCs), which are undiffer-
entiated cancer cells, are present in various types of 
cancers and exhibit characteristics of self-renewal and 
multi-differentiation. They play an important role in 
tumor formation and associate closely to patient’s 
prognosis. Only a small portion of cells in the tumors 
exhibit stem cell-like properties and play decisive 
roles in tumor occurrence and progression (Clarke et 
al., 2006). However, it has been demonstrated that 

they be isolated by several ways including surface 
marker sorting (Al-Hajj et al., 2003; Singh et al., 
2004), side-population cells selecting (Hadnagy et al., 
2006; Moserle et al., 2010), and mammosphere cul-
tures (Ponti et al., 2005; Yu et al., 2008). Most CSCs 
form clones when nurtured in low adhesive vessels 
(Chumsri and Burger, 2008; Kobayashi et al., 2008; 
Gilbert and Ross, 2009), and further generate sphere 
clones in the present of growth factors such as epi-
dermal growth factor (EGF). Therefore the sphere 
clone formation assay has been widely used for the 
separation and identification of CSCs (Ponti et al., 
2005; Yu et al., 2008). 

The separation of gallbladder CSCs has hitherto 
not been reported. In the present study, we isolated 
sphere clones with characters similar to gallbladder 
CSCs using serum-free medium containing cisplatin. 
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This study for the first time established the method 
and characterization toward the separation and iden-
tification of gallbladder CSCs. 

 
 

2  Materials and methods 

2.1  Materials 

Dulbecco’s modified Eagle medium (DMEM) 
and fetal bovine serum (FBS) were purchased from 
Invitrogen (Carlsbad, CA, USA). EGF, basic fibro-
blast growth factor (bFGF), Noggin, leukocyte in-
hibitory factor (LIF), and cisplatin were purchased 
from Sigma (St. Louis, MO, USA). Fluorescence 
quantitative polymerase chain reaction (PCR) kit and 
reverse transcription kit were purchased from Toyobo 
(Osaka, Japan). The flow sorter was obtained from BD 
Biosciences (San Jose, CA, USA). The fluorescence 
microscopy and digital image photography systems 
were purchased from Olympus (Tokyo, Japan). 
GBC-SD cell lines were provided by the Qilu Medical 
College (Jinan, Shandong Province, China). Nude 
mice were purchased from Shanghai Experimental 
Animal Center of the Chinese Academy of Sciences, 
China. Four-week old female mice were used in the 
study. All the experimental protocols involving live 
animals were reviewed and approved by Shanghai 
Medical Experimental Animal Care Commission. 

2.2  Drug-resistant gallbladder cancer GBC-SD 
cell culture and screening 

The GBC-SD cells were cultured in DMEM 
medium containing 10% (v/v) FBS at 37 °C with 5% 
CO2. Fresh medium was changed daily. When 85% 
cells were adhered, the medium was replaced, and the 
cells were cultured for 48 h. When cells reached 95% 
confluences in the exponential growth phase, they 
were used for subsequent experiments. Cisplatin  
(30 μmol/L) was added to the culture medium, and the 
cells were cultured for another 24 h. Cell culture 
media were removed along with unattached cells and 
cells were cultured in the same medium with cisplatin 
for 48 h. Then, cells were collected with 0.25% (v/v) 
trypsin-EDTA, and the cell pellets were suspended in 
a serum-free DMEM medium (CSC culture medium) 
containing 10 ng/ml EGF, 10 ng/ml bFGF, 10 ng/ml 
Noggin, 1000 U/ml LIF, and 20 µmol/L cisplatin to 
prevent cells from adhering and differentiating.  

2.3  Tumorigenic cell preparation from nude mice 
and sphere clone culture 

 
Cisplatin-screening GBC cells were injected into 

nude mice. Tumors were formed in four weeks and 
were removed. The excessive tissues around the tu-
mors were trimmed, and the tumor tissues were cut 
into pieces. Trypsin-EDTA (0.02%–0.25%) was re-
peatedly used to digest the tumor tissue for preparing 
single cell suspensions. The single cell suspensions 
were collected and cultured in the serum-free DMEM 
medium to obtain sphere clone cultures at 37 °C in a 
5% CO2 incubator. Half of the medium was replaced 
every two days. Cell growth was monitored, and ad-
herent cells were discarded. The suspended cells or 
cell clusters were collected and diluted to single cell 
suspensions, and then re-inoculated in serum-free 
medium for continuous passages. 

2.4  Screening of suspension cells and sphere 
clones by cisplatin treatment 

Cisplatin was added to the serum-free medium at 
different concentrations ranging from 10 to 80 μmol/L. 
Cell survival was estimated 48 h later to determine the 
optimal cisplatin concentration. The cell suspensions 
and spheres were then cultured in medium containing 
the optimal cisplatin concentration.  

2.5  Stem cell-associated gene expression profile in 
sphere clones by real-time PCR 

Real-time PCR was used to examine the mRNA 
expressions of ABCG2, CD133, MDR-1, OCT-4, and 
Nanog genes. Total RNA was isolated from the 
sphere clones. Real-time PCR was performed in two 
steps. The amplification proportion of the target 
fragment was calculated by a relative quantitative 
method. 18S RNA was used as an internal reference. 
The annealing temperature was maintained at 60 °C, 
and 45 cycles of amplification were performed. The 
primers for quantitative PCR were designed using the 
DNAstar software (Table 1). 

2.6  Detections of CSC markers OCT-4 and SOX-2 
and cell differentiation markers MUC1 and 
vimentin by immunofluorescent analysis 

Sphere clone cells were fixed in a 4% (v/v) 
paraformaldehyde solution at room temperature for 
20 min, and then washed twice with 1× phosphate 
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buffered saline (PBS) for 10 min each. The cells were 
subsequently blocked in 1× PBS buffer containing 
0.2% (v/v) Triton-100 and 5% (v/v) normal goat se-
rum at 32 °C for 1 h, followed by 5 min washing with 
PBST (1× PBS containing 0.2% Triton-100) for three 
times. The primary antibody was added, and the cells 
were incubated at 32 °C for 1 h, washed three times 
with PBST, and then labeled with FITC- or TRITC- 
labeled secondary antibody and Hoechst 33342. 
After incubation in the dark at 32 °C for 30 min, the 
cells were washed three times with PBST under dark 
conditions and photographed under a fluorescent 
microscope. 

2.7  Detections of CD133, CD24, and CD44 ex-
pressions by flow cytometry and Hoechst 33342 
exclusion test 

The cells were labeled with anti-CD133, 
anti-CD24, and anti-CD44 monoclonal antibodies 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many). After labeling, the cells were washed with 
PBS one time and subsequently stained with FITC- or 
PE-labeled rabbit anti-mouse IgG4 for 30 min in the 
dark. The cells were analyzed on a flow cytometer 
after three washes with PBS. Cell suspension was 
treated with Hoechst 33342 at a final concentration of 
1 μg/ml. After incubation at 37 °C for approximately 

7–10 min, the cells were centrifuged at 1 000 r/min for 
5 min. Flow cytometric analysis was then performed. 
Blue fluorescence was obtained due to the presence of 
Hoechst 33342, which is excited by ultraviolet (UV) 
fluorescence, which was produced using a krypton 
laser. The excitation wavelength of Hoechst 33342 is 
352 nm, and its emission wavelength is in the range of 
400–500 nm. The blue fluorescence topographic map 
was analyzed. 

2.8  Tumor formation from gallbladder cancer 
sphere clones 

Sphere clones were collected by centrifugation 
at 100×g for 10 min and cells were resuspended in 
PBS and counted. The cells were divided into two 
groups: sphere clone cells group and GBC-SD cells 
group. Five nude mice were used in each experi-
mental group. The cell suspension (100 μl) was in-
jected subcutaneously at four points in each mouse 
with different cell numbers from 1×105, 1×104, 1×103, 
to 1×102 cells. Tumors were formed in two months 
after injection. Tumor sizes were monitored and 
measured weekly. 

2.9  Statistical analysis 

The SPSS 10.0 statistical package was used for 
analysis. The Mann-Whitney test (rank sum test) was 
used for two independent samples. 

 
 

3  Results 

3.1  In vivo screening of drug-resistant GBC-SD cells 

Cultured GBC-SD cells were injected into nude 
mice (Fig. 1a). Tumors were growing during the 
eight-week experimental period (Figs. 1b and 1c). 
The tumor volume in mice injected with 0.1 μmol 
cisplatin was significantly lower than that in control 
mice injected with 0.1 μmol PBS (Fig. 1d). 

3.2  Induction of sphere clones in CSC culture 
medium and cisplatin 

Tumors from mice treated with cisplatin were 
removed and subsequently cultured in a serum-free 
DMEM medium containing several growth factors 
(10 ng/ml EGF, 10 ng/ml bFGF, 10 ng/ml Noggin, 
and 1000 U/ml LIF; Fig. 2a). Two days later, some 
cells began to grow in suspension (Fig. 2b). One week 

Table 1  Primers for fluorescence quantitative PCR 
designed by using the DNAstar program 

Gene Primer pair sequence 
18S RNA  5′-CCGCCGCGTCTTCAACCCCTACAC-3′

5′-CCATCCCTGCCGGCATCATACTG-3′ 
ABCG2 5′-CTGAGATCCTGAGCCTTTGG-3′ 

5′-AAGCCATTGGTGTTTCCTTG-3′ 
CD133 5′-TGGATGCAGAACTTGACAA-3′ 

5′-ATACCTGCTACGACAGTCGTG-3′ 
MDR-1 5′-CCTGGCAGCTGGAAGACAAAT-3′ 

5′-TCCTCCAAATGCAATCACAG-3′ 
OCT-4 5′-GGCCCGAAAGAGAAAGCG-3′ 

5′-ACCCAGCAGCCTCAAAATCCTC-3′ 
MUC1 5′-GCACTCACCATAGCACG-3′ 

5′-GGCCAGAGTCAATTGTAC-3′ 
Vimentin 5′-GGCTCAGATTCAGGAACAGC-3′ 

5′-GCTTCAACGGCAAAGTTCTC-3′ 
GAPDH 5′-GGTGAAGGTCGGTGTGAACGGA-3′ 

5′-TGTTAGTGGGGTCTCGCTCCTG-3′ 
SOX-2 5′-GCCGAGTGGAAACTTTTGTC-3′ 

5′-GTTCATGTGCGCGTAACTGT-3′ 
Nanog 5′-GGGCCTGAAGAAAACTATCCA-3′ 

5′-TGCTATTCTTCGGCCAGTTGT-3′ 
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later, cells in suspension started to form clusters 
gradually (Fig. 2c). Two weeks after in vitro culture, 
cells exhibited definite amplification phenotypes with 
an increased cell number (Fig. 2d). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Formation of sphere clones with increased 
expressions of stem cell markers and drug-  
resistant genes 

Two weeks after cultured with 30 μmol/L cis-
platin, some cells underwent apoptosis, whereas sur-
vived cells were healthy and grew in tighter clusters 

(Fig. 3a). Four weeks later, sphere clones were ob-
served (Fig. 3b). In high cisplatin concentrations 
groups (60–80 μmol/L), cells failed to proliferate and 
apoptosis occurred gradually (Figs. 3c and 3d). 
Quantitative real-time PCR analysis revealed that the 
expressions of Nanog, OCT-4, and CD133 in sphere 
clones were 284-, 266-, and 187-fold, respectively, 
higher than those in GBC-SD cells. The expressions 
of MDR-1 and ABCG2 also increased by 150-fold  
(Fig. 4). Flow cytometry analysis of sphere clones for 
stem cell markers revealed that 97.6% of the sphere 
clones were CD133+, 2.3% were CD24+, and 77.9% 
were CD44+ (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Culturing of gallbladder cancer GBC-SD cells 
and in vivo screening of drug-resistant cells 
(a) Normal culture of drug-resistant GBC-SD cell line; 
(b) Image of a nude mouse at three weeks after receiving 
5×105 GBC-SD cells; (c) Image of a nude mouse at eight 
weeks after receiving 5×105 GBC-SD cells; (d) Image of a 
nude mouse at four weeks after receiving 5×105 GBC-SD 
cells. Cisplatin (0.1 μmol) was injected every week into the 
mouse subcutaneously 
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Fig. 4  Expressions of ABCG2, CD133, MDR-1, OCT-4, 
and Nanog in normal cultured GBC-SD cells and drug- 
resistant sphere clones detected by real-time fluorescence 
quantitative PCR 
Data were normalized using 18S RNA as the internal 
reference 

GBCSD 

GBCSD-CSC 

Fig. 2  Sphere clone induction in cancer stem cell cul-
ture medium 
(a) Cell preparation from tumors from Fig. 1d (48 h after 
culture); (b) Cells cultured for 48 h in stem cell culture 
media; (c) Cells cultured for one week in stem cell culture 
media; (d) Cells cultured for two weeks in stem cell cul-
ture media  
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(c) (d) 

100 µm 100 µm 

100 µm 100 µm 

Fig. 3 Formation of drug-resistant sphere clones
(a) Two weeks after coculture with 30 μmol/L cisplatin, 
some cells underwent apoptosis. The surviving cells were 
healthy and grew in tight clusters. (b) After four weeks in 
30 μmol/L cisplatin, the cells exhibited the typical mor-
phology of sphere clones. (c, d) After two weeks in 60 (c) 
or 80 (d) μmol/L cisplatin, apoptosis gradually occurred in 
the cells 
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3.4  Detection of sphere clone pluripotency and 
differentiation by immunofluorescent staining 

In the serum-free culture medium, the sphere 
clones grew in suspension and expressed OCT-4 and 
SOX-2 (Fig. 6, in page 261). Semi-quantitative real- 
time PCR was used to characterize GBC-SD sphere 
clones and the results showed that the expressions of 
both MUC1 and vimentin were down-regulated in 
sphere clones compared with cells cultured in serum-  
containing medium (after adhesion). However, both 

OCT-4 and SOX-2 were overexpressed in sphere 
clones. In contrast, adherent gallbladder cancer cells 
cultured with serum-containing media overexpressed 
MUC1 and vimentin but expressed weakly both 
OCT-4 and SOX-2 (Figs. 7 and 8). 

3.5  Ability to differentiate into fibroblasts of 
sphere clone cells 

Adherent sphere clone cells could present some 
morphology of fibroblast. We used immunofluores-
cence to label the sphere clone cells with the fibro-
blast marker vimentin, and found they were positive, 
suggesting that the sphere clone cells had the ability 
to differentiate into fibroblasts (Fig. 9). 

3.6  Tumor formation from gallbladder cancer 
sphere clones 

Sphere clones cells with different cell numbers 
(1×103, 1×104, and 1×105) were subcutaneously in-
jected into the nude mice to test their abilities to form 
tumors. Tumor formation was observed at eight 
weeks after cell injection. Tumors can be observed in 
all groups of spheres clone cells. However, only 
1×105 GBC-SD cells can form tumors, which are 
significantly smaller than the tumors produced by 
spheres clone cells (Fig. 10). 
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Fig. 5  Stem cell markers of sphere clones detected by 
flow cytometry and immunofluorescence 
(a) The exclusion rate of Hochest 33342 was 12.6%. 
(b) Sphere clones expressed CD133+ and CD44+, but not 
CD24+. Among the clones, 97.6% cells were CD133+, 
2.3% were CD24+, and 77.9% were CD44+ 
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Fig. 7  Real-time PCR determinations of OCT-4, SOX-2, 
MUC1, and vimentin expressions in sphere clones and 
cells cultured in serum-containing medium 
Lane 1: cells adherent after culture in serum-containing me-
dium; Lane 2: cell clones from serum-free culture medium 
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Fig. 10  Tumor formation derived from 1×105 (a), 1×104 
(b), and 1×103 (c) sphere clone cells, and 1×105 GBC-SD 
cells (d), eight weeks after subcutaneous injection into 
the nude mice 
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Fig. 6  Immunofluorescent staining to detect OCT-4 and SOX-2 expressions in sphere clones and cells cultured in 
serum-containing medium 
Photographs were taken under fluorescent and light microscopes 
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Fig. 9  Immunofluorescent staining to detect vimentin 
expression in adherent sphere clones 
Both fluorescent and light microscopes were used. White 
arrows indicate the cells expressing vimentin 
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80 µm 80 µm

Fig. 8  Immunofluorescent detection of MUC1 expression 
in different states of spheres clones 
MUC1 expression was correlated with cell adhesion. High 
MUC1 expression was observed in completely adhered cells, 
followed by partially adhered cells, but negligible in cell 
suspensions. Photographs were taken under both fluorescent 
and light microscopes. White arrows indicate the cells ex-
pressing MUC1 
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4  Discussion 
 

Gallbladder cancer is the most common malig-
nant tumor in the biliary system. The incidence of this 
disease ranks sixth among all human malignant tu-
mors and its morbidity has increased gradually in 
recent years. Early invasion and metastasis to adja-
cent organs and insensitivity to chemotherapy lead to 
the poor prognosis of gallbladder cancer patients, and 
the five-year survival rate is below 5% (de Groen et 
al., 1999; Chen et al., 2007). Therefore, current re-
search focuses on elucidating the pathogenesis of 
gallbladder cancer in order to develop effective 
treatment strategies. 

CSCs have been reported to be separated and 
identified on the basis of surface markers. In this 
method, the CSCs were isolated firstly depending on 
the expression profiles of special markers. The abili-
ties of these cells for self-renewal, differentiation, and 
tumorigenicity were then verified. However, this 
approach is lab intensive, especially in determining 
the separation markers. Furthermore, some markers 
are not specific. Therefore, pure cell population may 
not be isolated and clones are difficult to be formed. 
Recent studies have improved mammosphere-based 
methods via tumor chemotherapy in vivo before en-
richment (Li et al., 2008). We obtained sphere clones 
of gallbladder cancer by using serum-free medium 
containing cisplatin. The isolated sphere clones were 
then examined for the following CSC characteristics: 
self-renewal capacity, pluripotency, chemotherapeu-
tic drug resistance, and tumor formation by cells 
treated with low doses of the drug. 

We isolated gallbladder cancer sphere clones 
from cells maintained in serum-free medium con-
taining cisplatin. When LIF (differentiation suppres-
sor) and Noggin (maintenance of stem cell character) 
were added to the serum-free medium, the clones 
could grow and form spheres, which exhibited CSC- 
like morphology. Quantitative real-time PCR analysis 
revealed that sphere clones overexpressed stem cell 
genes such as OCT-4, Nanog, and SOX-2, which are 
key players of the cell totipotency regulatory network 
and the material center for retaining the self-renewal 
property and regulating downstream genes associated 
with self-renewal, pluripotency, and differentiation. 
Flow cytometry analysis revealed that 97.6% of the 
sphere clone cells were CD133+, 77.9% were CD44+, 

whereas only 2.3% were CD24+. In many solid tu-
mors, such as prostate cancer tumors, hepatocellular 
carcinoma, and brain tumors, the surface adhesion 
molecule CD133 was identified as a specific marker 
for CSCs (Singh et al., 2004; Ma et al., 2008; Vander 
Griend et al., 2008). In breast cancer, CD24low or 
CD44+ was recognized as surface markers for stem 
cells (Al-Hajj et al., 2003; Fillmore and Kuperwasser, 
2007). The isolated gallbladder cancer sphere clones 
in the present study exhibited low expression levels of 
CD24 and high expression levels of CD44. This 
finding was consistent with previous study on the 
expression of surface markers by bile duct CSCs 
(Wang et al., 2009). Both quantitative real-time PCR 
analysis and immunofluorescent staining showed 
GBC cell clones grew in suspension and expressed 
abundantly OCT-4 and SOX-2 under CSC culture. 
However, under serum-containing medium (DMEM 
plus 10% FBS), the expressions of OCT-4 and SOX-2 
(Fig. 6) rapidly reduced after cells adhered, whereas 
the expressions of cell differentiation markers MUC1 
and vimentin increased. These results may indicate 
that the clones possessed distinct differentiation abil-
ity. Tumor fibroblasts play an important role in tumor 
development. Previous studies have been based on the 
hypothesis that tumor fibroblasts were recruited from 
the surrounding microvessels to the malignant tissues 
(Petersen et al., 2003; Puré, 2009). In serum-  
containing medium, sphere clones exhibited fibro-
blast morphology after adherence, and the cells could 
be labeled by the fibroblast marker vimentin (Fig. 9). 
Thus, sphere clones could differentiate into tumor 
fibroblasts. This finding would broaden the scope for 
future research on CSCs. In tumor formation ex-
periments, 1×103 cells of sphere clones could induce 
subcutaneous tumors in nude mice, thereby indicating 
high tumorigenicity of sphere clones. 

The present study determined that selected gall-
bladder cancer sphere clones exhibited certain CSC 
characteristics. This finding may enable the devel-
opment of techniques and tools for further research on 
gallbladder CSCs. 

 
References 
Al-Hajj, M., Wicha, M.S., Benito-Hernandez, A., Morrison, 

S.J., Clarke, M.F., 2003. Prospective identification of 
tumorigenic breast cancer cells. PNAS, 100(7):3983- 
3988.  [doi:10.1073/pnas.0530291100] 



Yin et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2011 12(4):256-263 
 

263

Chen, Y.L., Huang, Z.Q., Zhou, N.X., Zhang, W.Z., Huang, 
X.Q., Duan, W.D., Liu, R., Liu, Y., 2007. Clinical 
analysis of 110 patients with primary gallbladder carci-
noma. Chin. J. Oncol., 29(9):704-706. 

Chumsri, S., Burger, A.M., 2008. Cancer stem cell targeted 
agents: therapeutic approaches and consequences. Curr. 
Opin. Mol. Ther., 10(4):323-333. 

Clarke, M.F., Dick, J.E., Dirks, P.B., Eaves, C.J., Jamieson, 
C.H., Jones, D.L., Visvader, J., Weissman, I.L., Wahl, 
G.M., 2006. Cancer stem cells—perspectives on current 
status and future directions: AACR Workshop on cancer 
stem cells. Cancer Res., 66(19):9339-9344.  [doi:10.1158/ 
0008-5472.CAN-06-3126] 

de Groen, P.C., Gores, G.J., LaRusso, N.F., Gunderson, L.L., 
Nagorney, D.M., 1999. Biliary tract cancers. N. Engl. J. 
Med., 341(18):1368-1378.  [doi:10.1056/NEJM19991028 
3411807] 

Fillmore, C., Kuperwasser, C., 2007. Human breast cancer 
stem cell markers CD44 and CD24: enriching for cells 
with functional properties in mice or in man? Breast 
Cancer Res., 9(3):303.  [doi:10.1186/bcr1673] 

Gilbert, C.A., Ross, A.H., 2009. Cancer stem cells: cell culture, 
markers, and targets for new therapies. J. Cell. Biochem., 
108(5):1031-1038.  [doi:10.1002/jcb.22350] 

Hadnagy, A., Gaboury, L., Beaulieu, R., Balicki, D., 2006. SP 
analysis may be used to identify cancer stem cell popula-
tions. Exp. Cell Res., 312(19):3701-3710.  [doi:10.1016/ 
j.yexcr.2006.08.030] 

Kobayashi, N., Navarro-Alvarez, N., Soto-Gutierrez, A.,  
Kawamoto, H., Kondo, Y., Yamatsuji, T., Shirakawa, Y., 
Naomoto, Y., Tanaka, N., 2008. Cancer stem cell re-
search: current situation and problems. Cell Transplant., 
17(1-2):19-25. 

Li, H.Z., Yi, T.B., Wu, Z.Y., 2008. Suspension culture com-
bined with chemotherapeutic agents for sorting of breast 
cancer stem cells. BMC Cancer, 8(1):135.  [doi:10.1186/ 
1471-2407-8-135] 

Ma, S., Lee, T.K., Zheng, B.J., Chan, K.W., Guan, X.Y., 2008. 
CD133+ HCC cancer stem cells confer chemoresistance 
by preferential expression of the Akt/PKB survival  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pathway. Oncogene, 27(12):1749-1758.  [doi:10.1038/sj. 
onc.1210811] 

Moserle, L., Ghisi, M., Amadori, A., Indraccolo, S., 2010. Side 
population and cancer stem cells: therapeutic implications. 
Cancer Lett., 288(1):1-9.  [doi:10.1016/j.canlet.2009. 
05.020] 

Petersen, O.W., Nielsen, H.L., Gudjonsson, T., Villadsen, R., 
Rank, F., Niebuhr, E., Bissell, M.J., Ronnov-Jessen, L., 
2003. Epithelial to mesenchymal transition in human 
breast cancer can provide a nonmalignant stroma. Am. J. 
Pathol., 162(2):391-402.  [doi:10.1016/S0002-9440(10) 
63834-5] 

Ponti, D., Costa, A., Zaffaroni, N., Pratesi, G., Petrangolini, G., 
Coradini, D., Pilotti, S., Pierotti, M.A., Daidone, M.G., 
2005. Isolation and in vitro propagation of tumorigenic 
breast cancer cells with stem/progenitor cell properties. 
Cancer Res., 65(13):5506-5511.  [doi:10.1158/0008-5472. 
CAN-05-0626] 

Puré, E., 2009. The road to integrative cancer therapies: 
emergence of a tumor-associated fibroblast protease as a 
potential therapeutic target in cancer. Expert Opin. Ther. 
Tar., 13(8):967-973.  [doi:10.1517/14728220903103841] 

Singh, S.K., Hawkins, C., Clarke, I.D., Squire, J.A., Bayani, J., 
Hide, T., Henkelman, R.M., Cusimano, M.D., Dirks, P.B., 
2004. Identification of human brain tumour initiating 
cells. Nature, 432(7015):396-401.  [doi:10.1038/nature 
03128] 

Vander Griend, D.J., Karthaus, W.L., Dalrymple, S., Meeker, 
A., DeMarzo, A.M., Isaacs, J.T., 2008. The role of CD133 
in normal human prostate stem cells and malignant cancer- 
initiating cells. Cancer Res., 68(23):9703-9711.  [doi:10. 
1158/0008-5472.CAN-08-3084] 

Wang, M., Qin, R.Y., Shen, M., Jiang, J.X., Hu, J., Du, Z.Y., 
Shi, J.C., 2009. Cancer stem cell marker CD24, CD44, 
ESA and CD34 expression in biliary tract tumors. Chin. J. 
Exp. Surg., 26(12):1607-1609. 

Yu, S.C., Ping, Y.F., Yi, L., Zhou, Z.H., Chen, J.H., Yao, X.H., 
Gao, L., Wang, J.M., Bian, X.W., 2008. Isolation and 
characterization of cancer stem cells from a human 
glioblastoma cell line U87. Cancer Lett., 265(1):124-134.  
[doi:10.1016/j.canlet.2008.02.010] 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


