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Abstract

AIM: To identify cancer stem cells (CSCs) in human gall-
bladder carcinomas (GBCs).

METHODS: Primary GBC cells were cultured under
serum-free conditions to produce floating spheres. The
stem-cell properties of the sphere-forming cells, includ-
ing self-renewal, differentiation potential, chemoresis-
tance and tumorigenicity, were determined /n vitro or
/in vivo. Cell surface expression of CD133 was investi-
gated in primary tumors and in spheroid cells using flow
cytometry. The sphere-colony-formation ability and tu-
morigenicity of CD133" cells were assayed.

RESULTS: In vitro culture experiments revealed that
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floating spheroids were generated from primary GBC
cells, and these sphere-forming cells could generate
new progeny spheroids in serum-free media. Spheroid
cells were differentiated under serum-containing con-
ditions with downregulation of the stem cell markers
Oct-4, Nanog, and nestin (P < 0.05). The differentiated
cells showed lower spheroid-colony-formation ability
than the original spheroid cells (P < 0.05). Spheroid
cells were more resistant to chemotherapeutic reagents
than the congenetic adherent cells (P < 0.05). Flow cy-
tometry showed enriched CD133" population in sphere-
forming cells (P < 0.05). CD133" cells possessed high
colony-formation ability than the CD133" population (P
< 0.01). CD133" cells injected into nude mice revealed
higher tumorigenicity than their antigen-negative coun-
terparts (P < 0.05).

CONCLUSION: CD133 may be a cell surface marker
for CSCs in GBC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gallbladder carcinoma (GBC) is the most common
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malignant neoplasm of the biliary tract and the seventh
most common gastrointestinal cancer'. Tts clinical pre-
sentation is nonspecific and may include abdominal pain,
weight loss, fever, and jaundice. Current evidence sug-
gests that radical surgery is the only curative treatment
for GBC. However, despite development in surgery, the
5-year survival rate in patients with advanced stage GBC
is still only around 10%”. Pooling of carcinogens under
conditions causing biliary stasis, or malignant degenera-
tion of metaplastic changes after chronic inflammation
have been suggested as possible factors, but the precise
pathogenetic mechanisms of GBC remain unclear'. The
biology of GBC therefore needs further investigation.
Emerging evidence has shown that the abilities for
tumor growth and propagation reside in a small popula-
tion of tumor cells, termed cancer stem cells (CSCs) or
tumor-initiating cells. These cells possess properties of
self-renewal, differentiation potential, resistance to che-
motherapy, and high tumorigenicity[z"s]. Based on this
hypothesis, CSCs were initially isolated from human acute
myeloid leukemia”. Regarding solid tumors, the existence
of CSCs in breast cancer was reported in 2003, when
as few as 200 CD44"CD24”" ESA” breast cancer cells
were shown to be adequate to produce new tumors in
nonobese diabetic/severe combined immunodeficient
mice, whereas a significantly higher number of other cell
populations failed to form tumor xenografts'”. Tumor-
initiating cells with distinct cell surface markers have
recently been identified in vatious solid tumors, such as
brain'", prostate[12 19 and ovarian cancer!™,
and in Ewing’s sarcoma!”. It is generally considered that
the identification of the CSCs could have a significant im-
pact on the understanding of tumor biology and therapy.

1 pancreatic

Several different methods have previously been used
to identify CSCs"*'" including the culture of cancer
cells under non-adherent conditions in serum-free media
containing epidermal growth factor (EGF) and basic fi-
broblast growth factor (bFGF). The growth of spherical
colonies is considered to reflect the self-renewal ability
and phenotype of CSCs. In the present study, we cul-
tured primary GBC cells to generate spherical colonies
and estimated their differentiation potential in the serum
medium. We compared the chemoresistance of spheroid
cells and differentiated cells i vitro. We also examined the
expression of the CSC surface marker CD133, and inves-
tigated its use as a candidate marker to further identify the
CSC phenotype in GBC, including comparing the 7 vitro
spheroid-colony-formation and 7 vive tumorigenicity of
CD133" and CD133 cells. The results of this study may
clarify the phenotype of CSCs in GBC, thus contributing
to the development of more effective therapeutic ap-
proaches.

MATERIALS AND METHODS

Preparation of single cancer cells
Two samples of human GBC were obtained after surgical
excision in accordance with Institutional Review Board-
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approved guidelines. Tumor tissue specimens were dissoci-
ated using scissors and scalpels, mixed with collagenase IV
(Invitrogen, USA) in medium199 (collagenase 200 U/ml.,
Invitrogen), and incubated at 37°C for 2.5-3 h. At the end
of the incubation, cells were filtered through a 40-pum
nylon mesh and washed twice with phosphate-buffered
saline (PBS)/10% fetal bovine serum (FBS, Gibco, USA).

Tumor cell cultures

The single tumor cells were suspended in serum-free
DMEM/F12 (1:1 volume, Gibco) consisting of 20 ng/mL
human recombinant EGF (PeproTech, USA), 20 ng/mL
bFGF (PeproTech), 5 pg/mL insulin (Sigma, USA), and
cultured in 24-well culture plates at a density of 1 X 10%/
well. Fresh serum-free DMEM/F12 (desctibed above) was
added into the wells at 0.05 mL/well every day. Spheroids
were collected and dissociated 2 wk after primary culture.
The resulting single cells were placed into stem cell culture
medium to generate progeny spheres. Images of the spher-
oid colonies were recorded using an inverted microscope
(Nikon, Type 108) equipped with a Nikon 2000-S Inverted
Photomicroscope and Nikon NIS-Elements F2.30 soft-

ware.

Differentiation assay

To assess their differentiation potential, spheres were col-
lected and placed into DMEM/F12 supplemented with
10% FBS without growth factors, as described previously,
and cell morphology was observed. After 14 d of culture
in differentiating medium, tumor cells were collected and
suspended in serum-free DMEM/F12 (described above),
and cultured in 96-well culture plates at a density of 10
cells per well. Fresh serum-free DMEM/F12 was added
into the wells at 0.025 mL per well every day. After 2 wk,
each well was examined under light microscope and the
total number of spheroid colonies in the 96-well plates
was counted.

Real-time quantitative reverse transcription-polymerase
chain reaction

Total RNA was extracted from spheroid cells or adherent
cells using RNeasy Mini kit (Qiagen), and was reverse tran-
scribed into cDNA using M-MLV reverse transcriptase
enzyme (Sigma). Real-time quantitative reverse transcrip-
tion-polymerase chain reaction (RT-PCR) was performed
using an ABI PRISM 7900HT sequence detection system
(Applied Biosystems), according to the manufacturer’s
instructions. The relative mRNA expression levels of the
tested genes were normalized to the level of endogenous
control gene, glyceraldehyde-3-phosphate dehydrogenase.

Chemoresistance experiments

Cells were seeded in 96-well plates at 3000 cells per well.
Each well was supplied with DMEM medium containing
10% FBS, together with either gemcitabine (1 ug/mL,
Sigma) or 5-fluorouracil (0.1 pg/mL, Sigma), or no drug

as control. The culture medium was changed 3 d after
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Figure 1 Culture of floating spheres. Single primary gallbladder carcinoma cells were cultured in serum-free medium containing human epidermal growth fac-
tor (20 ng/mL) and basic fibroblast growth factor (10 ng/mL). A: After culture for 1 wk, non-adherent spheres were observable (original magnification x 200); B: The
spheres were dissociated and were plated into the same stem-cell-selective medium; similar progeny spheres emerged after 2 wk (original magnification x 200); C:
The second progeny spheres were derived from the first progeny sphere-forming cells (original magnification x 200).

initial treatment and the number of viable cells was deter-
mined using the 3-(4,5-dimethylthiazol-2)-2,5-diphenyltet-
razolium bromide (MTT) method. Briefly, 20 pul. of MTT
(5 mg/mL in PBS, Sigma) was added to the medium for
4 h. Medium and MTT were removed, dimethylsulfoxide
(Sigma) was added, and the absorbance was measured
at 490 nm using a plate reader Multiskan EX (Thermo
Fisher Scientific Inc., Waltham, MA).

Detection of CD133 expression using flow cytometry
Cells derived from primary tumors or spheres were sepa-
rately resuspended in PBS with 2% FBS at a concentra-
tion of 10°/100 pL. Antd-CD133/1-phycoerythrin (eBio-
science, USA) was added to the samples, and incubated
on ice for 30 min. After incubation, the samples were
washed twice with 2% FBS/PBS and resuspended in 2%
FBS/PBS. Flow cytometric analysis was performed using
a FACSAria (BD Immunocytometry Systems, Franklin
Lakes, NJ, USA).

Spheroid-colony-formation assay of CD133" GBC cells
CD133" and CD133 populations were sorted from sphere-
forming cells using fluorescence-activated cell sorting
(FACS). For FACS, cells were collected and stained, and
sorted using a FACSAria. The sorted tumor cells were
suspended in serum-free DMEM/F12, and cultured in
96-well culture plates at a density of 10/well. After 2 wk,
the total number of spheroid colonies in the 96-well plate
was counted, as described above.

Tumorigenicity of CD133" GBC cells in vivo

Female nude mice (BALB/C), 4-6 wk old, were purchased
from Hunan Slack King of Laboratory Animal Co., Ltd.
(Changsha, China). CD133" and CD133 populations
were sorted from two primary tumors (tumor 3 and tu-
mor 4), and from sphere-forming cells using FACS. Cells
were routinely sorted twice, and reanalyzed for a purity,
which was typically > 90%. Sorted cells were resuspend-
ed in PBS/Mattigel mixture (1:1 volume). The mice wete
anesthetized using ethyl ether and 10000 tumor cells were
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injected subcutaneously into the abdominal region, using
a gauge needle. The mice were maintained under stan-
dard conditions according to the institutional guidelines
for animal care. Tumor appearance was inspected weekly
by visual observation and palpation. Animal experiments
were terminated 3 mo after cell injection.

Hematoxylin and eosin staining and immunohistochemistry
Primary tumor tissues and mouse xenografts were fixed
in 10% formalin and embedded in paraffin. Sections
were cut and stained with hematoxylin and eosin (HE) to
assess tumor type. The sections were incubated with anti-
human CA19-9 antibody (Abcam, UK) and secondary
antibodies using an ImmunoPure ABC Staining kit (Santa
Cruz, USA), according to standard immunohistochemi-
cal procedures. Negative controls containing no primary
antibody were prepared. All microscopic images were
captured as above.

Statistical analysis

Data were expressed as mean + SD and Student’s # test
was used to compare the differences between groups.
Values of P < 0.05 were considered significant.

RESULTS

Spheroid formation

Previous studies indicated that CSCs could produce float-
ing three-dimensional tumor spheroids under stem-cell-se-
lective conditions*". Based on these studies, we cultured
primary human GBC cells in serum-free DMEM/F12 in
an attempt to expand human GBC CSCs. Non-adherent
spheres derived from human GBCs were observable after
in vitro culture for 1 wk (Figure 1A), and these continued
to expand for 2-3 wk in serum-free media. The spheres
were dissociated and the resulting single cells were plated
in the same stem-cell-selective medium; similar progeny
spheres emerged after 2 wk (Figure 1B and C). This dem-
onstrated that tumor sphere cells had self-renewing chat-
acteristics.
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Figure 2 Differentiation of spheroid cells. Non-adherent spheres were collected and placed into DMEM/F12 supplemented with 10% fetal bovine serum. A: After
6 h, cells migrated from the spheres and became adherent and the sphere volume was significantly reduced (original magnification x 200); B: The spheroid-colony-
forming ability of spheroid cells decreased under differentiating conditions. °P < 0.05 vs spheroid cells under stem-cell-selective conditions; C: The expression levels
of Oct-4, Nanog and nestin were examined using real-time quantitative reverse transcription-polymerase chain reaction. The stem cell markers were downregulated in

the adherent cells. °P < 0.05 vs spheroid cells under stem-cell-selective conditions.

Sphere-forming cells displayed differentiation potential
Spheres were cultivated under differentiating conditions
to determine the differentiation potential of the tumor
sphere cells. After 6 h of culture, the floating tumor
spheres attached to the bottom of the culture plates and
cells migrated from the spheres and became adher-
ent (Figure 2A). After 14 d of culture in differentiating
conditions, the sphere-formation ability of the adherent
cells was assayed. The spheroid-colony-forming ability
decreased, compared with that of the original sphere-
forming cells (P < 0.05, Figure 2B). The expression of
stem cell markers, including Oct-4, Nanog and nestin,
were examined using real-time RT-PCR. These mark-
ers indicate an undifferentiated stem cell phenotype[22’23].
Spheroid cells showed higher expression of these markers
than adherent cells (P < 0.05, Figure 2C), strongly sup-
porting the idea that spheroid cells were differentiated in
serum-containing medium.

Sphere-forming cells displayed high chemoresistance
in vitro

Previous studies suggested that CSCs in several solid
tumors gossessed higher chemoresistance than non-
CSCs™?. To examine if our spheroid cells also possessed
a CSC chemoresistant phenotype, the chemosensitivities
of these cells were assessed under stem-cell-selective o5
differentiating conditions. Spheroid cells under stem-cell-
selective conditions displayed a greater resistance to gem-
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Figure 3 Chemoresistance assays of spheroid cells. Sphere-forming cells
and differentiated cells were seeded in 96-well plates at 3000 cells/well. Che-
motherapeutic reagents gemcitabine (1 pg/mL) and 5-fluorouracil (0.1 pug/mL)
were added and cell survival was estimated by 3-(4,5-dimethylthiazol-2)-2,5-
diphenyltetrazolium bromide assay. °P < 0.05 vs differentiated cells.

citabine and 5-fluorouracil than those under differentiat-
ing conditions (P < 0.05, Figure 3).

CD133" cells were enriched in tumor spheres

The expression pattern of a possible candidate cell sur-
face marker for CSCs was examined in primary human
GBC and in sphere-forming cells, using flow cytometry.
CD133 was selected as a potential marker, based on the
results of previous studies of CSCs in solid tumors. Flow
cytometric analysis revealed that CD133" cells were pres-
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Figure 4 CD133 expression in gallbladder carcinoma spheroid cells. The
single cells dissociated from primary tumors or spheres were incubated with
anti-CD133/1-phycoerythrin and flow cytometric analysis was performed. The
percentage of CD133" cells was higher in the spheroid cells. P < 0.05 vs pri-
mary gallbladder carcinoma cells.

ent at relatively low percentages in samples from both
primary tumors (3.79% in tumor 1 and 3.15% in tumor 2).
The CD133" populations, however, were significantly in-
creased to 18.65% (tumor 1) and 21.54% (tumor 2) in the
tumor spheres (P < 0.05, Figure 4). These results suggest
that CD133 could be a candidate cellular surface marker
for GBC progenitors.

CD133" GBC cells showed higher spheroid-colony-
forming ability in vitro

The growth of spherical colonies is considered to re-
flect the self-renewal ability and phenotype of CSCs'",
CD133" cells were isolated from spheres and placed into
stem-cell-selective conditions. After iz vitro culture for
2 wk, the total number of spheroid colonies containing
more than 20 cells was counted, and CD133" cells gener-
ated mote spheroid colonies than the CD133 fractions (P
< 0.01, Figure 5). These results suggest that the CD133"
subset plays a dominant role in the spheroids.

CD133" GBC cells showed higher tumorigenicity in vivo
To authenticate the iz vitro findings, sorted GBC cells
were transplanted into nude mice. An apparent difference
in tumorigenicity was observed between the cell popula-
tions (P < 0.05, Table 1, Figure GA). It was found that 10*
CD133" GBC cells were able to generate tumors in six
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CD133"
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Figure 5 Spheroid-colony-formation assay of CD133" cells. Sphere-form-
ing cells were isolated by fluorescence-activated cell sorting for marker CD133
and cultured in 96-well plates in serum-free medium (10 cells per well) con-
taining human epidermal growth factor (20 ng/mL) and basic fibroblast growth
factor (10 ng/mL). After 2 wk, the total number of spheroid colonies containing
more than 20 cells was counted. CD133" cells generated more spheroid colo-
nies. °P < 0.01.

Cell type Fraction 1st mo 2nd mo 3rd mo’
Spheroid cells CD133" 1/6 3/6 6/6
CD133 0/6 0/6 1/6
Tumor 3 CD133" 0/3 1/3 3/3
CD133° 0/3 0/3 1/3
Tumor 4 CD133" 1/3 2/3 3/3
CD133° 0/3 0/3 0/3

Freshly-sorted cells were injected subcutaneously into the abdominal
regions of nude mice at a dose of 10000 cells. °P < 0.05.

out of six or three out of three nude mice after 9-12 wk,
while the same number of CD133 cells induced tumors
in only one out of six or one out of three nude mice, with
smaller mass and longer latency. HE staining and immu-
nohistochemistry demonstrated that the xenografts in the
immunodeficient mice were generated from the injected
human GBC cells. The xenograft tumors revealed similar
histologic characteristics and expression of CA19-9 to
those of the primary GBC (Figure 6B). Taken together,
these results indicate that CD133" GBC cells exhibited
cancer stem-cell-like characteristics, strongly supporting
the existence of tumor-initiating cells in this population.

DISCUSSION

A number of studies have demonstrated the presence
of CSCs in solid tumors. These cells possess the abilities
of self-renewal and differentiation, high tumorigenicity,
and resistance to current treatments' . In this study,
we described the characterization of CSCs in human
GBC. Previous studies showed that tumor spheres could
be generated from tumor cells in serum-free medium
and that the constituent cells exhibited the properties of
CSCs, including self-renewal, differentiation potential,

chemotherapy resistance, and high turnorigenicitym’m.
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Figure 6 Xenograft formation of CD133" gallbladder carcinoma cells. Sorted cells were injected subcutaneously into the abdominal regions of nude mice at a
dose of 10 000 cells. A: CD133" cells produced palpable xenograft tumors at the injection site, whereas CD133" cells generated no tumors; B: Hematoxylin and eosin

staining of xenograft and expression of CA19-9 (original magnification x 200).

In our experiments, primary GBC cells formed tumor
spheres when cultivated under stem-cell-selective con-
ditions similar to those reported previously. The self-
renewal and differentiation potentials, proliferation ability
and chemosensitivity of the sphere-forming cells were
assessed. These cells displayed CSC properties by regen-
erating new tumor spheres in serum-free medium, over-
expressing stem cell markers and showing a higher resis-
tance to chemotherapeutic reagents, while these features
were diminished under differentiating conditions. These
results indicate that CSCs were enriched in these floating
GBC spheres.

Cell surface markers of CSCs can help distinguish,
isolate and purify these tumor-initiating cells for further
biological investigation. The protein CD133 is cell surface
marker for CSCs in brain tumor!, Ewing’s sarcoma'"”
and liver cancers”. The development and differentiation
of human bile ducts and liver are closely related; both
start from hepatic endodermal cells and hepatoblasts
just after liver primordium formation. We therefore
selected CD133 as a potential CSC marker in the cur-
rent study, and detected its expression in primary GBC
and in sphere-forming cells. CD133" cells comprised a
small fraction of the total tumor population in all three
samples studied, but represented an increased percentage
of the sphere-forming cells. This suggests that CD133
could act as a cell surface marker for CSCs in GBC. We
also investigated the use of this cell surface protein as a
candidate marker to further identify the CSC phenotype
in GBC. The self-renewal ability of CD133" cells was
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tested using spheroid-forming assays in serum-free me-
dium. CD133" cells possessed higher clonogenicity than
their antigen-negative counterparts. Subsequent 7z vivo
tumorigenesis experiments demonstrated that CD133"
cells possessed higher tumorigenicity than the CD133
subpopulation. Furthermore, the tumors generated in
nude mice displayed the same phenotype as the primary
GBC tissue. Taken together, these results firmly suggest
that CD133" cells possess the potentials for self-renewal
and high tumorigenicity, exhibiting cancer stem-cell-like
characteristics in human GBC.

The internal relationship between the expression of
CD133 and the characteristics of CSCs remains unclear.
Previous studies suggested that CD133 expression was
associated with cell motility in melanoma®” and colorec-
tal cancer cells®, and a high level of CD133 was also
associated with increased resistance to staurosporine-
inducing apoptosis””. These associations may be due to
the interaction between CD133 and the canonical Wnt
pathwaym]. However, the role of CD133 in these biologi-
cal activities remains to be further clarified.

In summary, the results of this study demonstrate that
CSCs are enriched in non-adherent spheres derived from
GBC cells, and that CD133 protein may represent a cell
surface marker for this cell population.
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