factor (20 ng/mL; Cell Signaling Tech, Danvers, MA, USA),
basic fibroblast growth factor (10 ng/mL; PeproTech, London,
UK) and B27 supplements (1:50; Gibco). Capan-1 cells were
cultured for 7 days. Immunofluorescence staining was per-
formed on spheres in culture to identify CD133 expression.
Cells were fixed with 10% formalin prior to immunostaining,
then incubated with anti-CD133 mAb for 2 h at 37°C and sub-
sequently washed three times with PBS containing 2% FBS.
Next, the cells were incubated for 1 h with PE-conjugated
anti-mouse secondary antibodies. Nuclear was stained by
DAPI. Finally, the stained cells were viewed under a confocal
laser scanning microscope (Olympus, Tokyo, Japan). The neg-
ative control groups contained cells stained only with the sec-
ondary antibody.

Mlgratnon and invasion assays. In total, 5 x 10* cells were
seeded in serum-free medium into 24-well Falcon migration
inserts (8 pm pore size). Inserts were placed in Falcon com-
panion plates contammg 10% FBS and incubated for 18 h for
migration. For invasion, 5 x 10* cells were seeded in serum-
free medium into a Matrigel invasion chamber (Becton Dickin-
son) for 22 h. Following incubation, the medium and cells
were removed from the top chamber using cotton swabs and
PBS. The number of migrating or invading cells on the under-
side of the membrane was determined by staining using
Giemsa for 5 min. The number of migrating or invading cells
in 10 fields was counted at 20x magnification using light
microscopy.

Cytotoxicity assays. Capan-1 cells were resuspended in fresh
medium at a concentration of 5 x 10% cells/100 uL and

seeded in a 96-well plate, and cells were incubated for 48 h at
37°C. Then, GEM was added to each well at concentrations of
1, 5, 10, 50, 100, 500 and 1000 ng/mL to test the GEM treat-
ment, or IFN-o. was added to each well at concentrations of
500, 1000, 2500, 5000, 10000, 25000, 50 000 and
100 000 U/mL to test the IFN-o treatment. The plate was
incubated at 37°C for another 48 h. For the assay, 10 puL of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT; 5 mg/mL) was added to each well, and the plate was
incubated for an additional 3 h at 37°C. The medium and
MTT solution were then aspirated, and 70 pL. of DMSO
(Sigma-Aldrich, St. Louis, MO, USA) was added. The absor-
bance was measured at 570 nm using a microplate reader.

BrdU assay. Cells (80-90% confluent) were incubated with
1 mM BrdU for 3 h at 37°C and processed using the fluores-
cein isothiocyanate BrdU Flow Kit (BD Biosciences) accord-
ing to the manufacturer’s instructions. Briefly, 1 x 10°
trypsinized cells were fixed, permeabilized and digested with
DNase. Cells were then stained with fluorescein isothiocyanate
—~conjugated anti-BrdU and 7-AAD. For cell isolation and char-
acterization, anti-CD133/1-APC (Miltenyi Biotec) was used.
For each experiment, 10* events were counted by flow cyto-
metry and assays were performed in triplicate. Data were ana-
lyzed using FACSDiva.

Western blotting. Cells were lysed on ice in lysis buffer and
the lysates were boiled for 5 min, clarified by centrifugation at
15 000g for 15 min, and then separated by SDS-PAGE.
The proteins were transferred onto nitrocellulose membranes.
The membranes were then incubated with a 1:200 dilution of
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CD133* Capan-1 cells are more resistant to gemcitabine (GEM) treatment than CD133™ cells. (A) GEM inhibited Capan-1 cell growth in a

dose-dependent manner, and its ICso was 100 ng/mL. it was measured using the MTT growth inhibitory assay after 24 h of continuous GEM
exposure. (B) GEM treatment (100 ng/mL) showed different sensitivities in CD133* and CD133~ cells. Error bars indicate SD. (C) GEM treatment
for 12 or 24 h increased the proportion of CD133" cells. Error bars indicate SD. *P < 0.01 vs control. (D) Western blot of CD133 expression.
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Fig. 2. Comparison of cell cycles between CD133* and CD133~ cells. (A) Flow cytometry was used for cell cycle analysis before and after expo-
sure to gemcitabine (GEM). Baseline data are provided in the left panel. Cells were then treated with GEM for 12 h (middle) followed by 24 h of
recovery after withdrawal of GEM (right). (B) Comparison of CD133* and CD133" cells in the GO/G1 phase. (C) The S phase and (D) apoptosis by
BrdU assay after GEM treatment. Results are based on three independent experiments. Error bars indicate SD. *P < 0.01 vs control.

anti-CD133 mAb (Miltenyi Biotec) followed by a 1:200-1000
dilution of peroxidase-conjugated anti-mouse IgG (Jackson Im-
munoResearch, West Grove, PA, USA) antibody for the sec-
ondary reaction. As an internal control for the amount of
protein loaded, B-actin was detected. The immunocomplex was
visualized using the ECL western blot detection system (GE
Healthcare Life Science, Amersham, UK).

Mitogen-activated protein kinase-integrating kinase 1 inhibi-
tion experiments. Capan-1 cells were pretreated with 20 pM
CGP57380 (mitogen-activated protein kinase-integrating kinase
[Mnk1] inhibitor; Sigma-Aldrich) for 60 min, and subsequently
cultured with 10 pM CGP57380 during the treatment with
IFN-o. Proteins were then detected with antibodies against the
phosphorylated Mnk1 (Thr-197/202, 1:250 dilution; Cell Sig-
naling Tech) and Mnkl (1:250 dilution); 10% FCS treated
cells were used as a positive control for Mnkl phosphoryla-
tion. The signals for pMnkl were quantified by densitometry
using Image J software. To assess the effects of Mnk inhibi-
tion on cell viability, Capan-1 cells were treated with IFN-o,
gemcitabine or Mnk1 inhibitor CGP57380 combination. After
48 h incubation, cell viability was determined by MTT assay.

Animal studies. The animal study was approved by the Com-
mittee on the Use of Live Animals for Teaching and Research
of Kagoshima University. Non-obese diabetic (NOD)/SCID
and BALB/c nu/nu (nude) mice were purchased from CLEA
Japan (Tokyo, Japan).

Tumorigenic assay. For the tumorigenic assay, CD133" or
CD133~ populations of Capan-1 cells were collected using
FACSAria and PE-conjugated anti-CD133 antibody. Freshly
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isolated CD133* and CD133" cells were subjected to tumori-
genic assay. In total, 10, 100 and 1000 cells of each quadrant
suspended in 50 pL of DMEM F-12 medium and 50 pL Matri-
gel were injected s.c. into 6-week-old NOD/SCID mice. Ani-
mals were maintained until death resulting from the neoplastic
process or the end of the experiment. Xenograft tumors were
fixed with 10% buffered formaldehyde and stained with H&E.

In vivo chemotherapies for xenograft tumors. For in vivo
treatments, nude mice were randomly assigned to four treat-
ment groups of five mice at week 2 after s.c. injection of
Capan-1 cells (5 x 10°). Mice received treatments of vehicle
(saline, i.p.), GEM (120 mg/kg/week, i.p.) alone, IFN-o
(20 000 U/mouse/every 2 days, s.c.) alone, or GEM combined
with IFN-a for 4 weeks. Growth curves of xenograft tumors in
nude mice were assessed after treatments.

Statistical analysis. Group differences were analyzed statisti-
cally using the y*-test and Student’s t-test. A P-value <0.05
was considered statistically significant. All statistical analyses
were performed using StatView statistical software version 5.0
(SAS Institute, Cary, NC, USA).

Results

CD133* Capan-1 cells are resistant to gemcitabine treatment.
CD133 expression was examined by flow cytometric analysis
in several human pancreatic cancer cell lines. The positive
ratio of CD133 in Capan-1cells is approximately 45%, higher
than that in the other cell lines (Table S1), Capan-1 was
chosen to evaluate the sensitivity to GEM. GEM inhibited

Cancer Sci | May 2012 | vol. 103 | no.5 | 891
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Capan-1 cell growth in a dose-dependent manner and its ICs,
as assessed by MTT growth inhibitory assay, was 100 ng/mL
(Fig. 1A). The growth inhibition by GEM treatment (100 ng/
mL) showed a significant (P < 0.01) difference between
CD133" and CD133" populations of Capan-1 cells (Fig. 1B).
GEM treatment increased the proportion of CD133"* Capan-1
cells (Fig. 1C). Similarly, CD133 protein levels increased in a
time-dependent manner (Fig. 1D). GEM treatment produced a
significant increase in the GO/G1 phase and a decrease in the S
phase cell populations (Fig. S1). We compared cell cycles
between CD133" and CD133™ populations of Capan-1 cells by
BrdU assay after GEM treatment (Fig. 2A). The proportion of
CD133" cells in the GO/G1 phase increased from 56.4 to
92.5%, and was maintained at 93.2% even after withdrawal of
GEM (Fig. 2B). However, there were no significant changes in
CD133" cells. Although the proportion of CDI133* and
CD1337 cells in the S phase was remarkably reduced after
GEM treatment, the proportion of CD133" cells in the S phase
increased compared to that in CD133" cells after withdrawal
of GEM (Fig. 2C). The proportion of CD133" cells in the
apoptotic phase was significantly lower than that in CDI133™
cells under control, and apoptotic cells were highly induced in
CD133" cells after GEM treatment and withdrawal of GEM
(Fig. 2D). These results indicated that CD133% cells were
resistant to GEM, compared to CD1337 cells.

Interferon-alpha reduces the CD133" ratio of Capan-1 cells. All
Capan-1 cells showed expression of IFN-o/f receptor 2

(Fig. 3A). IFN-o inhibited Capan-1 cell growth by up to 30%
in a dose-dependent manner, and concentrations over 5000 U/
ml. showed similar inhibition rates (Fig. 3B). Importantly,
IFN-o treatment decreased the proportion of CD133 cells in a
time-dependent manner (Fig. S2, Fig. 3C). Similarly, after over
6 h of IFN-u treatment, CD133 protein levels were decreased
(Fig. 3D). To understand the mechanism underlying IFN-o
treatment, Mnk! expression and inhibition experiment were
performed. IFN-o treatment induced phosphorylation of Mnk1
in a time-dependent manner (Fig. 3E left and right). Mnkl
inhibitor CGP57380 administration antagonized the IFN-o
effect on cell growth suppression, but not significantly. Mnk1
inhibitor mitigated the antiproliferative response to the co-
administration of IFN-o and GEM (Fig. 3F).

Interferon-alpha contributes to combined chemotherapy with
gemcitabine. We compared cell cycles between the CD133*
and CD133™ populations of Capan-1 cells by BrdU assay after
GEM alone, IFN-a alone or GEM combined with IFN-o treat-
ment (Fig. S3). GEM treatment increased the ratio of cells in
the GO/G1 phase in the CD133" population, while IFN-a
decreased the proportion of cells in the GO/G1 phase (Fig. 4A
upper). In the CD133" cells, however, the GO/G1 phases were
similar among these treatments (Fig. 4A lower). IFN-o, but
not GEM treatment, remarkably increased the proportion of
cells in the S phase in both CD133* and CD133™ cells. Fur-
thermore, GEM combined with IFN-o treatment significantly
increased the apoptotic phases in both CD133* and CD133™
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cells (Fig. 4A). These results suggest that IFN-o. modulates the  suppressed tumor growth in nude mice (Fig. 5SA) and led to
cell cycle of CD133" Capan-1 cells (Fig. 4B). significant differences in tumor growth curves compared to the

Effect of interferon-alpha on xenograft tumors of CD133"  control, GEM alone or IFN-a alone (Fig. 5B). However, body
cells. We attempted to determine the in vivo effect of IFN-o0  weight did not change significantly (Fig. S4A). In the immuno-
on xenograft tumors derived from Capan-1 cells in nude mice.  histological study, xenograft tumor cells treated with GEM
Four weeks’ treatment of GEM combined with IFN-o.  showed higher CD133" expression than those of the control. In
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Cancer stem-like characteristics were identified in CD133* Capan-1 cells. (A) Capan-1 cells showed monolayer growth in medium with

serum (left). In serum-free culture, a sphere was generated after 10 days of culture (right). Magnification: x200. (B) These sphere cells expressed
CD133 by immunofluorescence staining. Magnification: x200. (C) Comparison of migration and invasion abilities between CD133* and CD133~

Capan-1 cells.

contrast, CD133" expression in xenograft tumors treated with
IFN-o alone was lower than those with saline as control. Inter-
estingly, xenograft tumors treated with GEM combined with
IFN-o showed an intermediate CD133" expression (Fig. 5C).
The flow cytometric analysis showed similar results to the
immunohistological study (Fig. S4B).

CD133* Capan-1 cells identified as a cancer stem-like popula-
tion of cells. Flow cytometric analysis was performed on sev-
eral human pancreatic cancer cell lines. Among these, Capan-1
showed high expression of CDI133 (Table S1, Fig. 6A). Ca-
pan-1 cells showed sphere formations in a stem cell-permissive
medium without serum (Fig. S5A), and CD133 was expressed
on the cell surface or in the cytoplasm in these sphere cells
(Fig. 6B). These CD133* Capan-1 cells showed a higher
potential of migration and invasion than CDI133" cells
(Fig. 6C). Furthermore, CD133" cells showed significantly
greater tumorigenic potential than CD133™ cells (Table 1). In
these tumors, the histology was ductal adenocarcinoma and
CK expression was observed in all tumor cells, while CD133
expression was shown in a part of the tumor cells by immuno-
histological staining (Fig. S5B). These results indicate that the
CD133" population of Capan-1 cells exhibits CSC-like pro-
perties.

Discussion

Gemcitabine had greater inhibitory effects on the human pan-
creatic cancer cells, Capan-1. However, CD133" cells showed
more resistance to GEM than CD133" cells, although the
growth speed between CDI133" and CDI133~ cells was the

Table 1. Comparison of tumorigenesis between CD133* and CD133~
population cells in Capan-1 using non-obese diabetic/SCID mice

Subset Number of implanted cells

of Total
Capan-1 10 10? 10°

CD133*  1/10 (10%) 7/10** (70%) 8/10** (80%) 16/30*** (53%)
CD133~ 0/10 0/10 1/10  (10%) 1/30 (3%)

***P < 0.001; **P < 0.05.
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same in Capan-1. Along with GEM treatment, the ratio of
CD133" cells in Capan-1 increased and the resistance against
GEM was more drastic.

Interferon-alpha modulated the cell cycle, resulting in anti-
proliferative and proapoptotic effects on CD133™ cells using
combined therapy with GEM. Members of the IFN family are
pleiotropic cytokines that have been shown to be important
regulators of cell growth. IFN-a has been recognized to have
therapeutic potentlal for the prevention and treatment of hepa-
tocellular carcinoma.®’?® Whether pancreatic cancer cells
respond to IFN treatment is unknown, although clinical trials
including combination therapy with IFN-o for advanced
pancreatic cancer patients have had promising results.**>?

Type I IFN signaling 1s medla(ed by activation of the JAK-
STAT signaling pathway ) In our study, the increase of the
number of cells in the S phase indicates that proliferation of
CD133* cells was mediated by IFN-o treatment. The accumu-
lation of CD133* cells into the GO/G1 phase was remarkably
increased after GEM treatment. GEM is a nucleoside analog
that can replace one of the building blocks of the nucleic acid
during DNA replication, leading to suppression tumor growth.
Another target of GEM is to inactivate the enzyme ribonucleo-
tide reductase. GEM shows specificity for proliferation in the
S phase of the cell cycle with no effect on n_progress through
early G1, G2 or M phases of the cell cycle.*” However, IFN-
o contributed to the effect on the decrease of CD133" cells in
the GO/G1 phase and the increase of them in the S phase.
IFN-o priming provides an efficient way to induce cell cycle
entry of dormant cells, such as hematopoietic stem cells.®®
IFN-o makes dormant cells suscepuble to elimination by anti-
prohferat]ve chemotherapeutic drugs,”* such as CD133% cells,
as shown in Figure 4B. According to a recent report, the Mnk/
elF4E kinase pathway is activated in an IFN-inducible manner
and plays important roles in mRNA translation for IFN-stimu-
lated genes and in the generation of IFN-inducible antiprolifer-
ative responses.®> In our study, IFN-o treatment induced
rapid phosphorylation of Mnkl that was detectable within
15 min of treatment. Mnkl inhibitor may mitigate the anti-
proliferative response to the co-administration of IFN-o and
GEM. Further clarification of tumor suppression by IFN-a is
necessary.

doi: 10.1111/.1349-7006.2012.02235.x
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Numerous studies have identified a “side population” (SP) in
various tumor types,*°>% and SP cells seem to be rich in stem
cells.*® These malignant SP cells proliferate in a sustained
fashion and readily export many cytotoxic drugs. This high
drug efflux capacity correlates with the strong expression of
ATP-binding cassette transporters.®® Interestingly, ovarian
cancer containing SP cells have been found to be IFN-u sensi-
tive in vitro and in vivo due to marked anti-proliferative and
pro-apoptotic effects.*” In this study, however, the CD133*
population of Capan-1 cells did not coincide with the SP popu-
lation (data not shown). IFN-o increased the number of
CD133* cells in the S phase compared to that of CD133~
cells. Furthermore, IFN-o combined with GEM induced apop-
tosis in both CD133" and CD133™ cells to a greater extent
than GEM or IFN-o treatment alone. IFN-o has also been
shown to induce differentiation of lung cancer cells ©” and
hepatic progenitors.“?’ In addition, JFN-o. has been shown to
regulate the transition from SP into other phenot&)es, although
this IFN signaling-related mechanism is unclear.®>

In our study, the combination of IFN-o and GEM signifi-
cantly inhibited the growth of xenografts of Capan-1 cells
compared to the control, GEM or IFN-a alone. These results
were consistent with the in vitro data. However, using in vivo
orthotopic pancreas cancer models, the combination of IFN-o
and GEM has been reported to synergistically induce endothe-
lial cell apoptosis.®® These results suggest that IFN-o may
have multiple biological functions in the modulation of gene
expression and regulation of the cell cycle in terms of tumor
suppression in vivo.

In contrast, CD133* population of Capan-1 cells exhibited
greater tumorigenesis and the potential to generate spheres and
aggressive behavior, such as migration and invasion, compared
with CD133™ cells. These results suggest that CD133 plays an
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important role in the cancer stem-like population of Capan-1
cells. Hence, the underlying mechanism of the CSC regulation
is an important issue. In a recent study, the combined blockade
of sonic hedgehog and mTOR signaling together with GEM
treatment led to a profound depletion of the CSC compartment
and shrinkage of established tumors.“" Our results shed new
light on the impact of IFN-a on the cell cycle of a CSC-like
population in pancreatic cancer cells, although further research
into the mechanism of the CSC modulation by IFN-a is still
needed.

In the present study, we demonstrated that GEM could effi-
ciently act on S phase cells in both CD133* and CD133".
CD133* cells could escape from GEM treatment by retention
in the GO/G1 phase. IFN-oo administration prompted GO0/G1
phase CD133" cells to re-enter the cell cycle. Thus, IFN-o
treatment could increase GEM therapeutic efficacy. Moreover,
GEM combined therapy with IFN-o significantly suppressed
xenograft tumor growth. In addition, CD133" cells showed
CSC-like properties, such as generation of spheres in serum-
free culture and tumorigenesis in NOD/SCID mice. Taken
together, IFN-a, as a modulator, could contribute to the treat-
ment of CD133" cancer cells with CSC-like properties and be
effective in combined chemotherapies for pancreatic cancer
stem-like cells.
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Abstract Pancreatic cancer is a lethal disease because of
invasion and early metastasis. Although CD133, a marker
of cancer stem cells (CSCs) in a variety of solid tumors,
has been studied in recent decades, its function remains
obscure. Recent reports suggest that epithelial-mesenchy-
mal transition (EMT) may be related to the properties of
CSCs. In this study, we investigated whether CSC markers
are associated with EMT. For CapanlM9, a highly
migratory cell subclone established from human pancreatic
cancer cell line Capan-1, CDI33 expression, migration,
and invasion were greater than for the parent cells. In
CapanIM9 cells, the EMT-related transcription factors
Slug and Snail were up-regulated, and N-cadherin and
fibronectin were also substantially increased. In contrast,
occludin and desmoplakin were suppressed. Knockdown of
endogenous CD133 in the CapanlM9 cells led to Slug
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suppression and reduction of migration and invasion.
Taken together, CD133 has an important role in migration
and invasion by facilitating EMT in pancreatic cancer cells.

Keywords Epithelial-mesenchymal transition (EMT) -
CD133 - Migration - Slug - Pancreatic cancer

Introduction

Pancreatic cancer is an exceptionally devastating and
incurable disease because of early local invasion and dis-
tant metastasis to the lymph nodes and liver [1]. Most
pancreatic cancers at diagnosis are advanced and unresec-
table, and very little effective therapy can currently be
offered to patients. Therefore, it is critical to understand the
molecular mechanism of invasion and metastasis [2].
Metastasis involves several processes, including cancer
cell detachment from the primary tumor, local invasion,
dissemination through surrounding blood vessels or lym-
phatic vessels, and attachment and proliferation at the met-
astatic site [3]. Although metastasis is a complicated process
involving multiple factors and genetic events, increased
migratory and invasive capabilities are critical to initiation of
the process [4, 5]. During cancer progression, some cells
within the primary tumor may reactivate a latent embryonic
program known as epithelial-mesenchymal transition
(EMT), thereby acquiring increased motility and invasive-
ness; this facilitates invasion of both local and distant tissues
by cancerous cells [6]. During EMT, cells lose their epi-
thelial characteristics, including cell adhesion and polarity
[7. 8], and acquire a mesenchymal morphology and the
ability to migrate. EMT is a recognized mechanism for dis-
persing cells during embryonic development [9], tissue
regeneration [10], and initiation of invasive and metastatic
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behavior in epithelial cancer [11-13]. Local invasion is
believed to be an initial and essential step leading to the
generation of usually fatal distant metastases [3, 11],

CD133 (prominin-1) is a cell membrane protein first
found in hematopoietic stem cells and early progenitor cells
in the bone marrow [14]. It has recently been used exten-
sively as a marker to identify stem cells from normal and
cancerous tissue [ 15-17]. However, evidence also suggests
that CD133 expression is not restricted to cancer stem cells
(CSCs). For example, in rat glioma cell line C6, both
CD133" and CD133 ™ subpopulations had clonogenic, self-
renewal, and tumorigenic capacity [18]. Several signaling
pathways have been shown to regulate CD133 epitope-
positive cells. For example, the Notch, Hedgehog, and bone
morphogenic protein (BMP) signaling pathways have been
shown to be dependent on the tissue-specific expression of
splice variants of prominin-family molecules [17, 19].
Taken together, these data suggest that further investigation
is still needed to understand the biological role of CD133 in
cancer development.

We have previously reported a significant correlation
between CD133 expression and clinicopathologic factors,
histological type, lymphatic invasion, and lymph node
metastasis in patients with pancreatic cancer who underwent
a curative operation [2]. Therefore, it is plausible that CD133
isinvolved in migration and invasion. Because EMT consists
of sequential multistep programs during tumor metastasis, an
appropriate method or in-vitro cell line is needed for further
elucidation of this complicated program. In this study, a
highly migratory and invasive cell line was established from
the pancreatic cancer cell line, Capan-1, to investigate the
mechanism involved in migration and to identify further
promising targets for preventing metastasis.

Materials and methods
Cell culture

Human pancreatic cancer cell line, Capan-1, was purchased
from the American Type Culture Collection (ATCC, VA,
USA) and cultured in DMEM/F12 (Sigma, MO, USA)
medium containing 10% fetal bovine serum (FBS; Invit-
rogen, CA, USA) supplemented with 100 units/ml peni-
cillin and 100 mg/ml streptomycin, followed by incubation
at 37°C under a humidified atmosphere containing 5%
CO,. Cell growth rate was examined by cell counting.

Selection of migratory subclones from the Capan-1
cell line

Figure | outlines the procedure used for selecting the
migratory subclones. Cells (2 x 10°) suspended in serum-
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free medium were seeded into a single well of a 24-well
cell-culture insert (8.0 um pore size), and the insert was
placed into plates containing 10% FBS as chemoattractant,
The plate was incubated for 18 h at 37°C in 5% CO,.
Migrating cells were collected from the underside of the
membrane by use of Accutase™ (Millipore, MA, USA),
seeded into the 24-well plate again, and expanded into a
35 em? flask; these cells were designated Capan1M1. When
the selected cells were confluent, an aliquot (5 x 10* cells/
well) was applied to another migration insert and migrating
cells were collected as described above. In total, the pro-
cedure was repeated 9 times, and two to threefold repeatable
differences in migration and invasion were achieved.

Migration and invasion assays

Cells (2-5 x 10%) were seeded, in serum-free medium, into
24-well BD Falcon migration inserts (8 pm pore size) for
migration or into a BD BioCoat Matrigel invasion chamber
(BD Biosciences, NJ, USA). Inserts were placed into plates
containing 10% FBS as chemoattractant and incubated for
18 h for migration and 24 h for invasion, After incubation,
media plus cells were removed from the top chamber by
use of cotton swabs and phosphate-buffered saline (PBS).
The membrane with cells was stained with Giemsa for
5 min. The number of migrating or invading cells in 10
fields was counted at 20x magnification by light micros-
copy. Data were calculated as mean + SD.

Wound-healing assay
CytoSelectTM 24-well wound-healing assay (Cell Biolabs,

CA, USA) was used as the migration assay. Wound field
was generated according to the product manual. Cell sus-

[2x 105 Capani cells seeded je————
Expandedto 35cm? flask
1
Migration transwel insert l and repeated/ 9 times
Migrating cells dand |
renamed Capan1mi [

Fig. 1 Selecton of CapanlM9 migratory subclone by use of the
migration transwell insert. For the first round of selection a total of
2 x 10° Capan-1 parental cells were seeded into a 24-well migration
transwell insert and incubated for 18 h. Migrating cells were collected
from the bottom of the membrane by use of Accutase ™, plated into
the 24-well plate, expanded into a 35 cm® flask, and renamed
Capan1M1. When confluent, the cells were subjected to further
rounds of selection by repeating the migration assay. In total, the
procedure was repeated 9 times and the cells were designated
Capan1M9
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pension was added to the well with the insert in place then
incubated for 24-48 h. The cells were then cultured until a
monolayer formed and the insert was removed to generate
a “wound field”. Cells were monitored, under a micro-
scope, for migration into the wound field until the wound
closed. Wound-healing area was calculated by use of Ax-
iovision Rel software (Zeiss, Germany).

Immunofluorescence staining

Immunofluorescence staining was performed on primary
adherent cultures of Capan-1 cells. After fixing with 10%
formalin the cells were incubated with primary antibody
staining for 2 h in an incubator at 37°C with anti-E-cadherin
and vimentin (Santa Cruz, CA, USA) then washed three
times with PBS and 2% FBS. This was followed by incu-
bation for I h with Alexa Fluor® goat anti-mouse secondary
antibody (Invitrogen). DAPI nuclear staining was per-
formed for a further 5 min and an additional three washes.
These stained cells were viewed by fluorescent microscopy
(Zeiss). Primary antibodies were replaced by PBS in the
negative control group.

Cell lysis and immunoblotting

Cells were lysed on ice in lysis buffer and the lysates were
boiled for 5 min, clarified by centrifugation at 15000g for
15 min, and separated by SDS-PAGE. The proteins were
transferred on to nitrocellulose membranes. The membranes
were incubated with a 1:100-200 dilution of the following
human polyclonal or monoclonal antibodies: E-cadherin,
vimentin, N-cadherin, Slug (Santa Cruz), fibronectin (R&D,
MN, USA), desmoplakin, occludin, Snail (Abcam, MA,
USA), and CD133 (Miltenyi Biotec, Germany) followed by
1:200-1000 dilution of peroxidase-conjugated anti-goat
1gG, anti-rabbit IgG (Santa Cruz) or anti-mouse IgG (Jack-
son Immunoresearch, PA, USA) antibody for the secondary
reaction. As an internal control for the amount of protein
loaded, f-actin was detected by use of a specific antibody
(Sigma). The immunocomplex was visualized by use of the
ECL Western blot detection system (Amersham, UK).

Real-time quantitative RT-PCR (ABI)

Total RNA (tRNA) was extracted by use of an RNeasy
extraction kit (Qiagen, Germany). Primers and probes were
obtained from Applied Biosystems™ (Life Technologies,
CA, USA) as Assay-on-Demand Gene Expression Prod-
ucts. Real-time RT-PCRs were conducted in accordance
with the supplier's directions. PCR mixture (20 pl) con-
tained 10 pl 2x Tagman Universal PCR Master Mix, 1 pl
20x working stock of gene expression assay mix, and
20 pg tRNA, Real-time RT-PCRs were done in a StepOne

Real-time PCR system (Applied Biosystems, CA, USA).
The reaction for each sample was conducted in triplicate.
Fluorescence of the PCR products was detected by use of
the same apparatus. The number of cycles for the ampli-
fication plot to reach the threshold limit (C, value) was used
for quantification. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used for normalization.

Capan 1M9-GFP-shCD133 cell line established
by lentiviral transduction

pLVTHM is a second-generation lentiviral vector which
engineers sShRNA under H1 promoter (Addgene, MA, USA)
and co-expresses enGFP under the elongation factor lu
promoter. CD133 shRNA 877 sense (5'-cgcgtccccgga-
caaggoegttcacagatitcaagagaatctgtgaacgecttgtectttttggaaat-3')
and CD133 shRNA 877 antisense (5'-cgatttccaaaaagga-
caaggcegttcacagattetettgaaatetgtgaacgecettgtecgggga-3)  oli-
gonucleotides were annealed to each other and ligated into
the pLVTHM vector at the Clal and MIul sites, which yields
pLVTHM-CD133-877 shRNA transfer vector. 293T cells
were co-transfected with 4 ng pLVTHM-CD133-877
shRNA transfer plasmid, 3 pg psPAX2 packaging plasmid,
and 1 pg pMD2.G envelope plasmid by use of Fugene 6
transfection reagent (Roche, CA, USA). Twenty-four hours
after transfection the medium was replaced with fresh
DMEM + 10% FBS. Forty-eight hours after transfection,
viral supernatant was harvested and filtered through a
0.45-pm filter. CapanlM9 cells expressing CD133 were
transduced with filtered viral supernatant containing 8 pg/ml
protamine sulfate 72 h after transfection. Flow-cytometric
analysis was performed with a FACSCan (BD Biosciences.
CA, USA) for enGFP expression. enGFP-positive cell frac-
tions were then sorted by use of a FACSAra (BD Biosci-
ences). The purity of the fractions routinely exceeded 95%.
CD133-PE, CD44-APC, and CD24-FITC antibody (Milte-
nyi, Germany) were used for flow-cytometric analysis.

Statistical analysis

Group differences were analyzed statistically by use of
Student’s 1 test (p < 0.05 was considered statistically sig-
nificant) in StatView statistical software version 5.0 (SAS
Institute, NC, USA).

Results

Selection of a migratory subclone, Capan1M9,
from the Capan-1 parental cell line

For cultured Capan-1 cells, tightly packed clusters in a
monolayer growth pattern and a variety of cell shapes were
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