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Table 2
The prevalence of HPV DNA in lung tumors with and without EGFR mutations.
Histology EGFR mutations HPV+/total P-Value?
All Exon 19 deletion 0.077
Mutated 3/7(43%)
Wwild type 4/35 (11%)
All Exon 21 L858R 0.257
Mutated 2/6(33%)
Wild type 5/36(14%)
All Either in exons 19/21 0.021
Mutated 5/13 (38%)
Wwild type 2[29(7%)
Adenocarcinomas Either in exons 19/21 0.014
Mutated 4{10 (40%)
Wild type 0/16 (0%)
Squamous cell carcinomas  Either in exons 19/21 0.318
Mutated 1/2 (50%)
wild type 1/10(10%)

4 P-Values were obtained by Fisher’s exact test.

highest in exon 19 deletions (81%) followed by exon 21 L858R (71%)
[17]. Inthis study, the response rate to gefitinib was not able to eval-
uate because all subjects were primary lung cancer and underwent
surgery without gefitinib administration. In the previous study,
however, all cases with HPV-16 integrated form were responsive to
gefitinib [6]. These findings suggest a possible association between
HPV-16 integration and exon 19 deletion although the sample size
was too small to draw a conclusion.

HPV-58, a high-risk type of HPV, was detected in two cases
but this type was not observed in our previous study [6]. A pos-
sible explanation is the difference in the version of INNO-LiPA HPV
Genotyping kits between the present and previous studies, in which
INNO-LiPA HPV Genotyping CE test and INNO-LiPA HPV Genotyp-
ing v2 test was used [6], respectively. It is quite likely that the
sensitivity and specificity of the recent kit is improved. Although a
false-positive detection of HPV-58 might be concerned, a significant
association between HPV presence and EGFR mutations remained
(P=0.026) even these two cases were counted as HPV-negative
cases.

EGFR mutations in the normal respiratory epithelium were fre-
quently found in patients with EGFR mutant ACs (43%) but not in
wild-type tumors [18], which indicate that EGFR mutations are an
early event in the pathogenesis of lung ACs. Frequent EGFR muta-
tions in smaller tumors and tumors without lymph node metastasis
were consistent with this hypothesis (Table 1). Regarding HPV DNA
in the normal lung tissue, the HPV absence in normal lung tissue
surrounding the HPV-positive tumors was reported [5,19], suggest-
ing that lung carcinomas with EGFR mutations may be susceptible
to HPV infection.

Both EGFR mutations and HPV detection were more frequently
observed in Asian lung cancer patients than non-Asian patients
[17,20), except Finland. Relatively higher HPV presence (33%, 4/12)
and EGFR mutations (11%, 8/73) were reported in Finnish lung
ACs [20,21]. Thus, HPV-positive lung ACs may share the eth-
nic/geographical distribution with lung ACs with EGFR mutations.
In non-far-East Asian countries, on the other hand, predominant
HPV detections in SQCs of the lung, rather than ACs, were reported
{4,22). Further studies are required to clarify the difference in
the etiological role of HPV between, potentially, EGFR-mutation-
related lung ACs and SQCs from non-far-East Asian countries.

Wu et al. [14] demonstrated that HPV-16 E6 upregulated
cIAP2, cellular inhibitor of apoptosis 2, via EGFR/PI3K/AKT cascade,
and cIAP2 expression was positively related to EGFR mutations.
Since the activation of PI3-kinase signaling was essential for HPV-
induced transformation [23], the EGFR/PI3K/AKT cascade may play

a pivotal role in carcinogenesis of HPV-related lung cancer with
EGFR mutations.

The low viral load, as observed in the present study, casts doubt
on the etiological role of HPV in lung carcinogenesis. However, the
low viral load may be sufficient if HPV infection targets on cancer
stem cells. Another possible explanation is the chromosomal insta-
bility induced by high-risk HPV E6-E7, leading to a selective growth
advantage of malignant cells [24,25].

The transmission route of HPV in lung tumors is yet unclear. HPV
detection in cancers of the oral cavity and oropharynx suggested
a possibility of sexual transmission [26], indicating HPV infection
of the lung through the upper aero-digestive tract. Another possi-
ble explanation is that there might be the transmission via the air
stream carrying infected cell complexes or particles to the periph-
ery of the lung [3].

The origins of lung ACs arising in smokers and never-smokers
might travel down different pathways [27]. Tobacco-related .
carcinogens favor KRAS mutations in smokers, while uniden-
tified carcinogens induce EGFR mutations in never-smokers.
EGFR mutations predominantly activated phosphorylated AKT-
mediated downstream pathways, rather than phosphorylated
MAPK-mediated ones {28]. Thus, never-smokers may have dis-
tinct characters dependent on more simple signaling pathways like
EGFR/AKT for survival of tumor cells.

in conclusion, the present study suggests a significant associa-
tion between high-risk type HPVs and EGFR mutations in Japanese
patients with lung cancer. The EGFR/PI3K/AKT cascade may play a
pivotal role in carcinogenesis of HPV-related lung cancer with EGFR
mutations.
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Abstract

Objective: We investigated stanniocalcin 1 (STC 1) expres-
sion to assess its clinical utility as a blood marker in patients
with gastric cancer and evaluated its biological impact in
terms of tumor aggressiveness. Methods: Blood specimens
from 93 patients with gastric cancer and 21 normal heaithy
volunteers were assessed by quantitative reverse transcrip-
tion-polymerase chain reaction for STC 1 mRNA expression.
Results: The relative numbers of STC 1 mRNA copies were
significantly higher in gastric cancer cell lines and in blood
specimens from patients with gastric cancer than in bicod
specimens from healthy volunteers (p = 0.0007 and p =
0.003, respec’tively), The sensitivity and specificity of STC 1
mRNA expression for discriminating patients with gastric
cancer from healthy volunteers were 69.9 and 71.4%, respec-
tively. Furthermore, the sensitivity for STC 1 mRNA was high-
er than that for serum carcinoembryonic antigen and carbo-

hydrate antigen 19-9, The presence of STC 1 expression was
significantly correlated with depth of tumor invasion and tu-
mor stage {p = 0.032 and p = 0.013, respectively). Conclu-
sion: Our data strongly suggest that STC 1 is a potentially
useful blood marker for predicting biological tumor aggres-
siveness in patients with gastric cancer.

Copyright © 2012 S, Karger AG, Basel

Introduction

Gastric cancer is one of the most common malignant
neoplasms in Japan [1]. In the last decade, the prognosis
of patients with unresectable advanced or recurrent gas-
tric cancer has dramatically improved due to the advance
of anticancer agents, including novel molecular-targeted
drugs such as trastuzumab [2-5). Purthermore, the 5-year
survival rate in patients with resectable advanced gastric
cancer has been raised by a combination of curative suz-
gery with D2 lymphadenectomy and adjuvant chemo-
therapy with S-1 [3]. However, some postoperative pa-
tients have a high risk of disease recurrence. Addition-
ally, it is hard to predict patients at increased risk of
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postoperative disease recurrence. Several investigators
have demonstrated the clinical impact of circulating tu-
mor cells (CTC) as an underlying cause of disease recur-
rence [6-9]. At present, carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA 19-9) are clinically
utilized to monitor CTC as conventional blood markers
in patients with gastric cancer. Unfortunately, the sensi-
tivity and specificity of these blood markers are not suf-
ficient to discriminate patients with gastric cancer from
healthy controls and to detect subclinical patients with a
potential risk of recurrence. Moreover, it is problematic
that promising blood markers for patients with gastric
cancer are limited in clinical management.

Stanniocalcin (STC) was initially discovered in the
corpuscles of Stannius of bony fish; it controls calcium
and phosphate homeostasis to prevent hypercalcemia [10~
15]. STC 1 is one of the STC family members, and a human
cDNA clone encoding the mammalian homolog of STC
was firstisolated in 1996 [11]. The human STC 1 gene con-
sists of 4 exons, spans 13 kb and is mapped to 8p11.2-p21.
Previous studies hgve demonstrated that STC 1 is involved
in various biological mechanisms of tumor progression
[16-20]). Furthermore, STC 1 enhances tumor angiogen-
esis via up-regulation of vascular endothelial growth fac-
tor (VEGF) [18]. STC 1 is overexpressed in primary tumor
cells of several malignancies, such as carcinomas of the
esophagus, stomach, colorectum, breast, lung and ovary
[17-19, 21-24]. However, little is understood about the
clinical significance of STC 1 expression in blood speci-
mens from patients with gastric cancer.

The purpose of the present study was to investigate
STC 1 expression in blood specimens from patients with
gastric cancer and to compare the clinical utility of STC
1 with those of conventional serum markers for cancer
detection. Additionally, we assessed the relationship be-
tween STC 1 expression and clinicopathological features
of patients with gastric cancer.

Materials and Methods

Gastric Cancer Cell Lines

Five gastric cancer cell lines (MKN-7, MKN:45, MKN-74,
KATO-III and NUGC-4) were cultured in RPMI 1640 (Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented with 10%
fetal calf serum (Mitsubishi Kasei, Tokyo, Japan), 100 U/ml peni-
cillin and 100 U/ml streptomycin. All cancer cell lines were incu-
bated at 37°C in a humidified atmosphere containing 5% CO,, as
described previously [25, 26]. These cell lines were used for reverse
transcription-polymerase chain reaction (RT-PCR).

Stanniocalcin‘l Expression in Gastric
Cancer

Patients

In the present study, blood specimens were preoperatively col-
lected from 93 patients (64 men and 29 women; age range, 35-87
years; average, 68 years) with gastric cancer who underwent cura-
tive gastrectomy with lymphadenectomy at the Kagoshima Uni-
versity Hospital (Kagoshima, Japan)between 2003 and 2005, Pa-
tients who received endoscopic treatment, palliative resection,
preoperative chemotherapy, and/or radiotherapy were excluded
from this study. The study patients were classified and staged on
the basis of criteria for the tumor-node-metastasis classification
of gastric carcinoma established by the UICC (International
Union Against Cancer) [27]. Normal peripheral blood lympho-
cytes (PBLs)} obtained and isolated from 21 healthy volunteers
without cancer were used as a control. Moreover, we collected 20
surgical paraffin-embedded archival tissue (PEAT) specimens of
resected primary tumor sites from patients enrolled in this study
and these PEAT specimens were used for immunohistochemistry
(IHC).

All patients provided written, informed consent to specimen
collection in.accordance with our institutional guidelines.

Enzyme Immunoassay Analysis for the Determination of

Serum CEA and CA 19-9 »

Serum samples were collected for the immunoassay of tumor
markers CEA and CA 19-9, Serum concentrations of CEA and CA
19-9 were measured using a commercial enzyme immunoassay
kit (Abbott Co., Ltd., Tokyo, Japan). The cutoff values for serum
CEA and CA 19-9 levels were 5.0 ng/ml and 37 U/ml, respectively
{28].

Blood Processmg and RNA Isolation

All blood specimens (5 ml) were preoperatively collected into
tubes containing sodium citrate, and blood cells were separated
using lymphocyte separation buffer (Gentra Systems, Inc., Min-
neapolis, Minn,, USA). Total RNA was extracted from cell lines
and blood specimens using Isogen (Nippon Gene, Toyama, Ja-
pan). Total RNA was isolated and purified using phenol-chloro-
form extraction, as described previously {25, 26]. The concentra-
tion and purity of total RNA were examined using a GeneQuant
pro UV/Vis spectrophotometer {Amersham Pharmacia Biotech,
Cambridge, UK).

Quantitative RT-PCR Analysis

Primer and probe sequences of STC 1 and glyceraldehyde-3-
phosphatase dehydrogenase (GAPDH) were designed for quanti-
tative RT-PCR (qRT-PCR) assay. The forward primers, fluores-
cence resonance energy transfer probe sequence, and reverse
primers for STC 1 and GAPDH were as follows: STC 1 (forward),
5"-CACTTCTCCAACAGATACT-3; (probe), 5-FAM-CCTGC-
TGGAATGTGATGAAGACAC-TAMRA-1-3%; (reverse), 5-CAT-
GTTAGGCCCAATTTTC-3; GAPDH (forward), 5-GGGTGTG-
AACCATGAGAAGT-3";(probe),5-FAM-CAGCAATGCCTCC-
TGCACCACCAA-TAMRA-1-3', and (reverse), 5’~-GACTGTG-
GTCATGAGTCCT-3". The RT-PCR product sizes of STC 1 and
GAPDH were 111 and 136 base pair fragments, respectively.
The integrity of the RNA was assessed by RT-PCR assay using
GAPDH.

All total RNA samples were reverse transcribed using the
Advantage RT-for-PCR kit (Clontech Laboratories, Inc., Palo
Alto, Calif., USA), as described previously [25, 26]. Samples were
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analyzed by gRT-PCR assay using the LightCycler System (Roche
Diagnostics, Mannheim, Germany). The reaction mixtures con-
tained cDNA transcribed from 250 ng of RNA using each prim-
er, probe, MgCl, and LightCycler FastStart DNA Master hybrid-
ization probes (Roche). The amplification profile comprised
precycling at 95°C for 10 min followed by 40 cycles of denatur-
ation at 95°C for 10 s, annealing for 20 s (60°C for STC 1 and
55°C for GAPDH) and extension at 72°C for 10 s. Plasmids for
each marker were synthesized using pT7Blue-2 T-Vector (Nova-
gen, Madison, Wisc., USA) according to the manufacturer’s in-
structions. Standard curves for each assay were generated using
the threshold cycles of six serial dilutions of plasmid templates
(108-10! cop1es) The mRNA copy number was calculated using
LightCycler software (Roche}. Each assay was repeated in dupli-
cate with positive (cancer cell line}, negative (H,0) and reagent
{(without cDNA) controls to confirm the validity of the gRT-PCR
assay. Absolute copy numbers in qRT-PCR assay were deter-
mined on the basis of standard curves with six serial dilutions
of plasmid templates. STC 1 mRNA copy numbers were normal-
ized by GAPDH mRNA copy numbers (relative STC 1 mRNA
copies; absolute STC I mRNA copies/absolute GAPDH mRNA
copies).

IHC Analysis

The PEAT sections {3 pm thick) were incubated on slides at
50°C overnight, deparaffinized with xylene and then rehydrated
with a graded series of ethanol. These sections were autoclaved in
citrate buffer (0.01 mol/l, pH 6.0) at 120°C for 10 min to activate
the antigen. Endogenous peroxidase was blocked dsing peroxi-
dase blocking reagent (DakoCytomation, Carpintéria, Calif,,
USA) for 10 min after cooling at room temperature. Non-specific
binding was blocked at room temperature for 30 min with a se-
rum-free protein block {DakoCytomation). The sections were in-
cubated at 4°C overnight with an anti-human S$TC 1 polyclonal
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, Calif,
USA) diluted 1:50 in Dako antibody diluent with background-
reducing components (DakoCytomation). After washing in phos-
phate-buffered saline (PBS), the reaction for anti-human STC 1
polyclonal antibody was developed by the ABC method (Vecta-
stain ABC kit; Vector Laboratories, Burlingame, Calif,, USA) and
visualized using diaminobenzidine tetrahydrochloride (Dako-
Cytomation) [29]. PBS without primary antibody was used as a
negative control under the same conditions.

Statistical Analysis

Differences in STC 1 mRNA. expression between cancer cell
lines and normal PBLs from healthy volunteers, and between
PBLs from patients with gastric cancer and healthy volunteers,
were assessed by the Wilcoxon rank sum test. Receiver operating
characteristic (ROC) curves and the area under the curve (AUC)
were used to evaluate the predictive ability of STC YmRNA ex-
pression for discriminating patients with gastric cancer from nor-
mal healthy vélunteers. The relationship between STC 1 mRNA
expression and categoncal clinicopathological factors'was statis-
tically analyzed by x? and Fisher’s exact tests. All statistical calcu-
lations were carried out using SAS statistical software (SAS Insti-
tute Inc,, Cary, N.C., USA). A value of p < 0.05 was considered
statistically significant.
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Table 1. Expression of blood markers in 93 patients with gastric
cancer

Blood markers Expression, n (%)

negative » positive
Serum CEA 68 (73.1) 25 (26.9)
Serum CA 19-9 70 (75.3) 23 (24.7)
STC1 28 (30.1) 65 {69.9)
Results

RT-PCR Analysis of STC 1 mRNA Expression in

Cell Lines and Clinical Blood Specimens -

We initially assessed STC 1 mRNA expression in five
gastric cancer cell lines and clinical blood specimens
from 93 patients with gastric cancer and 21 healthy vol-
unteers using gRT-PCR assay.

The relative numbers of STC 1 mRNA copies ranged
from 3.15 X 107 to 2.97 X 107 in gastric cancer cell
lines, from 0 to 8.39 X 10~* in blood specimens of pa-
tients with gastric cancer, and from 0 to 2.14 X 10°°
in blood specimens of healthy volunteers. The mean rela-
tive numbers of STC 1 mRNA copies (+SD) were 8.47 X
10~* + 1.25 X 107 in gastric cancer cell lines, 1.02 X
107 + 8.69 X 10~° in blood specimens of patients with
gastric cancer, and 3.44 X 1077 % 6,12 X 107 in blood
specimens of healthy volunteers (fig. 1). Finally, the rela-
tive numbers of STC I mRNA copies were significantly
higher in gastric cancer celllines and blood specimens of
patients with gastric cancer than in blood specimens of
healthy volunteers (p = 0.0001 and p = 0.003, respec-
tively).

Comparison of the Clinical Utility between STC

1 and Conventional Serum Markers for Cancer

Detection

ROC analysis statistically demonstrated that the AUC
value for cancer detection based on the levels of STC 1
mRNA expression was 0.702 (fig. 2). The values of sensi-
tivity and specificity of STC 1 mRNA were 0.699 and
0.714, respectively. Consequently, RT-PCR analysis dem-
onstrated that 65 of 93 (69.9%) patients were positive for
STC 1. On the other hand, positive rates of serum CEA
and CA 19-9in the same population were 26.9 (25/93) and
24.7% (23/93), respectively. Thus, the positive rate of STC
1 mRNA was higher than those of serum CEA and CA
19-9 (table 1).

Arigami etal.
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Fig. 1. RT-PCR analysis of STC 1 mRNA expression in cell lines and clinical blood specimens. Horizontal bars in-

dicate mean number of STC 1 mRNA copies.

Correlation between STC 1 Expression and

Clinicopathological Findings

To assess the relationship between the status of STC 1
expression and clinicopathological findings, all patients
enrolled in this study were divided into two groups based
on the presence or absence of STC 1 mRNA expression
(positive, n = 65; negative, n = 28).

The status of STC 1 expression was significantly cor-
related with depth of tumor invasion and stage (p = 0.032
and p = 0.013, respectively; table 2). !

IHC Analysis of STC 1 Protein Expression in

Primary Tumor Specimens

To assess STC 1 ekpression in primary tumor cells, 20
surgical PEAT primary specimens obtained from pa-
tients with STC 1-positive expression in blood specimens
were used for THC analysis.

Stanniocalcin 1 Expression in Gastric
Cancer

IHC analysis demonstrated STC 1 protein expression
in the cytoplasm of tumor cells (fig. 3). Although immu-
noreactivity for STC 1 was variable in primary tumor
cells, STC 1was expressed in all PEAT specimens (fig. 3).

Discussion

In the present study, we examined STC 1 mRNA ex-
pression by qRT-PCR assay in blood specimens from pa-
tients with gastric cancer and normal healthy volunteers.
To assess the clinical utility of STC 1 as a diagnostic bio-
marker, we next compared the sensitivity of STC 1 with
those of conventional serum markers, such as CEA and
CA 19-9. Furthermore, we investigated the clinical im-
pact of STC 1 expression in patients with gastric cancer.
To our knowledge, this study is the first to demonstrate
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Fig. 2. ROC curve for discriminating patients with gastric cancer
from healthy volunteers on the basis of STC 1 mRNA expression.
AUC =0.702.

STC 1 expression in blood specimens from patients with
gastric cancer. -

Initially, we verified a high level of STC 1 mRNA ex-
pression in all gastric cancer cell lines. We next demon-
strated high STC 1 expression in blood specimens from
patients with gastric cancer, in comparison with those
from normal healthy volunteers. Moreover, the sensitiv-
ity of STC 1 mRNA was higher than those of serum CEA
and CA 19-9 in terms of diagnostic efficacy. Similarly, Du
et al. [24] reported that the level of STC 1 mRNA in blood
specimens from patients with non-small cell lung cancer
was significantly higher than in blood specimens from
patients with benign pulmonary disease. Consequently,
they concluded that STC 1 is a potential biomarker for
patients with non-small cell lung cancer [24]. These re-
sults suggest that STC 1 is one of the candidate blood
markers for monitoring CTC in patients with selected
cancers, including gastric cancer. Currently, chemother-
apy is widely performed in patients with unresectable ad-
vanced or recurrent gastric cancer. However, it is difficult
to assess its-effect precisely using conventional examina-
tions such as a blood test for serum CEA and CA 19-9,
gastrointestinal fiberscopy, double-contrast gastrogra-
phy and computed tomography. Matsusaka et al. [30] re-
ported that the monitoring assay of CTC is a useful tool
for the assessment of the response to chemotherapy in
patients with advanced gastric cancer. Further studies
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Table 2. Correlation between STC 1 expression and clinicopatho-
logical findings in patients with gastric cancer

Factors STC 1 expression, n (%) p value
negative , positive
(n=28) (n=065)

Gender
Male 21 (75.0) 43 (66.1) 0.470
Female 7 (25.0) 22 (33.9)

Age
<70 years 13 (46.4) 32(49.2) 0.825
>70 years 15 {53.6) 33 (50.8)

Tumor location
Upper 10(35.7) 21(32.3) 0.925
Middle 8 (28.6) 21(32.3)

Lower 10 (35.7) 23 (35.4)

Histological type .
Differentiated 15(53.6) 31 (47.7) 0.656
Undifferentiated 13 (46.4) 34 (52.3)

Tumor size
<50 mm 12(42.9) 21({32.3) 0.353
>50 mm 16(57.1)  44(67.7)

Depth of tumor invasion
pTi-T, 14 (50.0) 17 (26.1) 0.032
pT5-Ty 14 (50.0) 48 (73.9)

Lymph node metastasis
Negative 15 (53.6) 22 (33.9) 0.106
Positive 13 (46.4) 43 (66.1)

Stage
I 14 (50.0) 14 (21.5) 0.013
-1V 14 (50.0) 51 (78.5)

Lymphatic invasion
Negative | 13 (46.4) 17 (26.1) 0.089
Positive 15 (53.6) 48 (73.9)

Venous invasion
Negative 13 (46.4) 18 (27.7) 0.096
Positive 15 (53.6) 47 (72.3)

Except for tumor location (x? test), p values were examined by
Pisher's exact test. pT, = Invasion of lamina propria or submucosa;
pT; =invasion of muscularis propria; pT'; = invasion of subserosa;
pTy = penetration of serosa without invasion of adjacent struc-
tures or invasion of adjacent structures.

will be needed to verify the clinical efficacy of the STC
1-targeting qRT-PCR assay for predicting chemothera-
peutic effects in patients with unresectable advanced or
recurrent gastric cancer.

In the present study, we demonstrated that the pres-
ence of STC 1 expression was significantly correlated with
tumor aggressiveness, such as depth of tumor invasion
and stage. The 5-year survival rates of our patients with
STC 1-positive and -negative expression were 64.4 and

Arigami et al.



Fig. 3. Representative THC of STC 1 protein expression in primary'gastric tumor specimens. a Tumor cells with
weak expression of STC 1. b Tumor cells with strong expression of STC 1. Scale bars = 100 pm (original mag-

nification X400).

79.4%, respectiveI;r. However, none of these differences
reached statistical significance (data not shown). There
are some possible explanations for this result: (a) The fol-
low-up period was short (median, 25 months)-(b) Patients
receiving postoperative chemotherapy were included in
this study and the selection criteria for postoperative che-
motherapy were ambiguous in terms of the historical
background. {c) The sample size may be too small for the
identification of valid differences. Although further large
studies are required to validate our results, the assessment
of STC 1 expression in peripheral blood specimens might
allow the preoperative prediction of aggressive disease be-
havior that has substantial influence on the therapeutic
management of patients with gastric cancer.

To date, the biological role of STC 1 expression in tu-
mor cells has not been sufficiently elucidated. However,
Liu et al. [17] reported that the anti-apoptotic effect of
STC 1 was inhibited by neutralizing anti-STC 1 monoclo-
nal antibodies in in vitro assays. Furthermore, He et al.
[18] reported that STC 1 promoted expression of VEGF
related to angiogenesis via the activation of PKCB IT and
ERK 1/2 pathways in in vitro assays. In this study, we con-
firmed STC 1 expression in blood specimens from pa-
tients with gastric cancer. Therefore, in the near future, it
is necessaty to elucidate the detailed mechanism of the
STC 1 signaling pathway in gastric cancer.

In conclusion, we demonstrated that STC 1 is ex-
pressed in CTC and that its expression is closely corre-
lated with tumor progression. Further studies on its bio-

Stanniocalcin 1 Expression in Gastric
Cancer

logical role might lead to a novel molecular therapy that
suppresses the STC 1 signaling pathway in patients with
gastric cancer.
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Pancreatic cancer is a lethal disease as current chemotherapies
with gemcitabine (GEM) are still insufficient. Accumulating evi-
dence suggests that cancer stem cells (CSC) are responsible for
chemoresistance and that CD133 is one of the CSC markers in
pancreatic cancer. Interferon-alpha (IFN-w), a cytokine with pleio-
tropic effects, has direct cytotoxic and cytostatic effects on tumor
cells. The aim of the present study was to investigate whether
IFN-o. can modulate the chemosensitivity of a human pancreatic
cancer cell line, Capan-1, to GEM. Cell cycles were evaluated for
response to GEM with and without IFN-o. by BrdU assay. GEM
inhibited Capan-1 cell growth in a dose-dependent manner. GEM
(ICs0; 100 ng/mL) treatment reduced the number of both CD133*
and CD133~ cells in the S phase, induced apoptosis of CD133~
cells more than that of CD133" cells and increased accumulation
of CD133" cells into the GO0/G1 phase. These resuits infer that
CD133* cells take shelter into the GO/G1 phase from GEM treat-
ment. IFN-o modulated CD133" cells from the GO/G1 phase to the
S phase. Consequently, apoptosis was accelerated in both CD133"
and CD133™ cells after iIFN-o combined with GEM treatment.
Furthermore, GEM combined with IFN-a treatment showed a sig-
nificant tumor suppressive effect in the in vivo study. Importantly,
CD133* cells showed CSC-like properties, such as generation of
spheres, highly invasive ability and high tumorigenesis. These
results suggest that IFN-«, as a modulator, could contribute to the
treatment of CD133* cancer cells and be effective in combined
chemotherapies with GEM for pancreatic cancer stem-like cells.
(Cancer Sci 2012; 103: 889-896)

P ancreatic cancer is a lethal disease with a 5-year survival
rate of 5%,V and recurs despite the use of current chemo-
therapies. Over the past decade, accumulating evidence has led
to the development of the cancer stem cell (CSC) hypothesis
for solid tumors.** This hypothesis might explain the poor
prognosis of pancreatic cancer patients because a few CSC can
sustain tumor growth and drive relapse after curative treat-
ments. Importantly, CSC contribute to drug resistance.*>
CD133 has been implicated as a CSC marker in some can-
cers.¥ In contrast, whether CD133 is a marker of CSC or
progenitor cells has been a matter of debate.'>19 We previ-
ously reported that CD133 expression is an unfavorable factor
for survival of pancreatic cancer patients.(m Furthermore,
CD133-expressing CSC are essential for the development and
perpetuation of pancreatic cancer,’ ’ and may account for
resistance to current and standard chemotherapy drugs, such as
gemcitabine (GEM).""” However, whether CD133 expression
is involved in anti-cancer drug resistance is unknown.
Interferon-alpha (IFN-a), a cytokine with pleiotropic effects,
possesses direct cytotoxic and cytostatic effects on tumor cells
as well as antiangiogenic effects, and also activates antitumor

doi: 10.1111/j.1349-7006.2012.02235.x
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immunity.®°2® IFN-o attracted our interest because of its
contribution to the reduction of the side population (SP)
enriched in stem cells,m) which was defined by the poor accu-
mulation of Hoechst 33342 in ovarian cancer cells.*> Experi-
mentally, IFN-o at the optimal biological dose schedule, and
in combination with GEM. has been shown to induce apoptosis
in tumor-associated endothelial cells and to decrease the
growth of human pancreatic cancer cells.®® However, effects
of IFN-o, on CSC in pancreatic cancer have not yet been vali-
dated.

Here, we investigate the chemosensitivity of pancreatic can-
cer cells in the presence of CDI33 expression and whether
IFN-o can modulate GEM resistance.

Materials and Methods

Cell culture and reagents. A human pancreatic cancer cell
line, Capan-1, was obtained from the American Type Culture
Collection (Manassas, VO, USA). Cells were cultured in
DMEM/F12 medium (Gibco, Carlsbad, CA, USA) containing
10% FBS, 100 U/mL penicillin and 100 mg/mL streptomycin
at 37°C in 5% CO,. GEM was supplied by Eli Lilly Japan
(Tokyo, Japan), and recombinant human IFN-o was purchased
from Acris Antibodies GmbH (Herford, Germany). GEM and
IFN-o were diluted in culture medium immediately before use.

Flow cytometric analysis and fluorescence-activated cell sort-
ing. In the present study, 10° single cells were suspended into
100 puL. PBS containing 0.5% BSA. A total of 20 pL of FcR
blocking reagent and antibodies, carboxyfluorescein conjugated
mouse anti-human [FN-o/p receptor 1 (R&D Systems, Minne-
apolis, MN, USA) or R-phycoerythrin (PE)-conjugated mouse
monoclonal anti-human IFN-o/f receptor 2 (PBL Interferon-
Source, Piscataway, NJ, USA) were added at the appropriate
dilutions and incubated on ice for 10-20 min in the dark. Cells
were washed and resuspended in a suitable amount of buffer
for analysis by flow cytometry. Flow cytometric analysis and
FACS were carried out with a FACSAria (Becton Dickinson,
Franklin Lakes, NJ, USA) and FACSDiva (BD Biosciences,
San Jose, CA, USA). Dead cells were excluded by 7-amino-
actinomycin-D (7-AAD; BD Pharmingen, San Diego, CA,
USA) staining. Anti-CD133-PE (Miltenyi Biotec, Cologne,
Germany) were used for sorting CD133* and CD133~ subpop-
ulations of Capan-1 cells. FACSAria sorting routinely achieved
purities exceeding 95% in cell fractions.

Sphere forming assay. Spheres were cultured in DMEM/F12
serum-free medium supplemented with epidermal growth
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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 | 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.

Migration and invasion assays. In total, 5 x 10* cells were
seeded in serum-free medium into 24-well Falcon migration
inserts (8 pum pore size). Inserts were placed in Falcon com-
panion plates containing 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 pL 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, 10 000, 25 000, 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 pL of
3-(4,5-dimethylthiazol-2-y1)-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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exposure. (B) GEM treatment (100 ng/mL) showed different sensitivities in CD133* and CD133" cells. Error bars indicate SD. (C) GEM treatment
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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-a. 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-a,
gemcitabine or Mnk! 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, ip.), GEM (120 mg/kg/week, i.p.) alone, IFN-o
(20 000 U/mouse/every 2 days, s.c.) alone, or GEM combined
with [FN-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 r-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
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Capan-1 cell growth in a dose-dependent manner and its ICsq,
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 CD133" and
CD133™ 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 CD133™
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 CD133™ 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-a 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,
[FN-o treatment decreased the proportion of CD133™ cells in a
time-dependent manner (Fig. S2, Fig. 3C). Similarly, after over
6 h of IFN-o treatment, CD133 protein levels were decreased
(Fig. 3D). To understand the mechanism underlying IFN-o
treatment, Mnkl expression and inhibition experiment were
performed. IFN-o treatment induced phosphorylation of Mnkl
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-o, 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-o.
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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Fig. 3.

Interferon-alpha (IFN-o) reduced the proportion of CD133* cells in Capan-1 cells. (A) Expressions of IFNAR 1 (left) and IFNAR 2 (right). (B)

IFN-o inhibited Capan-1 cell growth in a dose-dependent manner for 48 h exposure. (C) IFN-a (5000 U/mL) treatment for 48 h decreased the pro-
portion of CD133" cells in Capan-1 cells over time. (D) CD133 protein level analyzed by western biot. (E) IFN-o-dependent phosphorylation/activa-
tion of Mnk1 in a time-dependent manner (left and right). (F) Mnk1 mediated the antiproliferative response to the co-administration of IFN-o
and gemcitabine (GEM). Capan-1 cells were treated in the combination of IFN-o, GEM and Mnk1 inhibitor CGP57380. After 48 h incubation, cell
viability was determined by MTT assay. These results are the means and SD of values from four wells in one representative experiment.
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Fig. 5. Effect of interferon-alpha (IFN-a) on the growth of xenograft Capan-1 tumor in nude mice. (A) Xenograft tumors with IFN-o + gemcita-
bine (GEM) treatment were smaller than those with controls in nude mice. (B) Tumor growth curves of Capan-1 xenografts which were treated
with GEM (100 ng/mL) alone, IFN-a (5000 U/mL) alone or GEM plus IFN-a. IFN-a. + GEM treatment showed a significant effect (P < 0.01). (C) Com-
parison of histological CD133 expression in Capan-1 xenografts with treatments at week 5 after inoculation into nude mice.

cells (Fig. 4A). These results suggest that IFN-o. modulates the
cell cycle of CD133" Capan-1 cells (Fig. 4B).

Effect of interferon-alpha on xenograft tumors of CD133*
cells. We attempted to determine the in vivo effect of IFN-ao
on xenograft tumors derived from Capan-1 cells in nude mice.
Four weeks’ treatment of GEM combined with IFN-o
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suppressed tumor growth in nude mice (Fig. 5A) and led to
significant differences in tumor growth curves compared to the
control, GEM alone or IFN-o alone (Fig. 5B). However, body
weight did not change significantly (Fig. S4A). In the immuno-
histological study, xenograft tumor cells treated with GEM
showed higher CD133" expression than those of the control. In
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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 CD133 (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 CD1337 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 CD133" and CDI33™ 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 10 107 10°

CD133* 1710 (10%)  7/10** (70%) 8/10** (80%) 16/30*** (53%)
CD133™  0/10 0/10 1710  (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 potential 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.‘ 220

Type I IFN signaling is mediated 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 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 susceptible to elimination by anti-
proliferative 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-oo and
GEM. Further clarification of tumor suppression by IFN-o is
necessary.
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Numerous studies have identified a “side population” (SP) in
variogs 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-o 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 CDI133™
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, IFN-o. has been shown to
regulate the transition from SP into other pheno%ges, although
this IFN signaling-related mechanism is unclear. )

In our study, the combination of IFN-o0 and GEM signifi-
cantly inhibited the growth of xenografts of Capan-1 cells
compared to the control, GEM or IFN-o alone. These results
were consistent with the in vitro data. However, using in vivo
orthotopic pancreas cancer models, the combination of IFN-«
and GEM has been reported to synergistically induce endothe-
lial cell apoptosis.(?‘(’ These results suggest that JFN-oo 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-« 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-o administration prompted GO0/GI
phase CD133" cells to re-enter the cell cycle. Thus, IFN-a
treatment could increase GEM therapeutic efficacy. Moreover,
GEM combined therapy with IFN-a 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-o, 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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alpha (IFN-o) (5000 U/mL) alone or GEM combined with IFN-a for 24 h.

Fig. S4. (A) Body weight curves of nude mice were not significantly different among the three treatments, which were gemcitabine (GEM)
(100 ng/mL) alone, interferon-alpha (IFN-o) (5000 U/mL) alone or GEM plus IFN-o. (B) Comparison of proportions of CD133* cells in Capan-1
xenografts that were treated with GEM (100 ng/mL) alone, IFN-o (5000 U/mL) alone or GEM plus IFN-o at week 2 and 5.

Fig. S5. (A) Comparison of the number of spheres per well (c®) for pancreatic cancer cell lines, Panc-1, Capan-1, MIA PaCa-2, PK45H and
SW1990. The white and black bars indicate the spheres composed of 3-30 and >30 cells, respectively. (B) Immunohistochemical study of a Ca-
pan-1 tumor generated by transplantation into non-obese diabetic (NOD)/SCID mice. (i) HE staining and (ii, iii, iv) immunostaining performed to
identify cytokeratin (CK) and CD133 expression, respectively.
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Establishment of a highly migratory subclone reveals
that CD133 contributes to migration and invasion through
epithelial-mesenchymal transition in pancreatic cancer

Qiang Ding - Makoto Yoshimitsu - Taisaku Kuwahata - Koki Maeda -
Tomomi Hayashi - Toru Obara - Yumi Miyazaki - Shyuichire Matsubara -

Shoji Natsugoe - Sonshin Takao

Received: 25 July 2011/ Accepted: 20 October 2011/ Published online: 23 November 2011

© Japan Human Cell Society and Springer 2011

Abstract Pancreatic cancer is a lethal disease because of
invasion and early metastasis. Although CDI133, 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, CDI133 expression, migration,
and invasion were greater than for the parent cells. In
Capan1M9 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 CapaniM9 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 morpheology 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 1s not restricted to cancer stem cells
(CSCs). For example, in rat glioma cell line C6, both
CD1337 and CD 133 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 muitistep 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 bumidified atmosphere containing 5%
CO,. Cell growth rate was examined by cell counting.

Selection of migratory subclones from the Capan-1i
cell line

Figure 1 outlines the procedure used for selecting the
migratory subclones. Cells (2 x 10°) suspended in serum-

2 Springer

free medium were seeded into a single well of a 24-well
cell-culture insert (8.0 wm 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 cm” flask; these cells were designated CapanlM1. 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 yum 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
CytoSelect™ 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-

{ 2% 10¢ Capan cells seeded Ky

Wigration transwell insert } Expandedto 35cm? flask

| and repeated 9 times i
Migrating cells collected and | _
renamed Capan1il

Fig. 1 Selection of CapanlM9 migratory subclone by use of the
migration transwell insert. For the first round of selection a total of
2 % 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 remamed
CapaniMi. 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
Capanl M9
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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 fleld”. 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).

Immunofinorescence staining

Immunofinorescence 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 1 b 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
{5 min, and separated by SDS-PAGE. The proteins were
transferred on to nitroceliulose 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
{:200-1000 dilution of peroxidase-conjugated anti-goat
IgG, anti-rabbit 1gG (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
BCL Western blot detection system (Amersham, UK).

Real-time quantitative RT-PCR (ABD)

Total RNA (tRNA)Y 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 g} con-
tained 10 pl Zx Tagman Universal PCR Master Mix, 1wl
20x working stock of gene expression assay mix, and
20 ug 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.

CapaniM9-GFP-shCD 133 cell line established
by lentiviral transduction

pLVTHM is a second-generation lentiviral vector which
engineers shRNA under H1 promoter (Addgene, MA, USA)
and co-expresses enGFP under the elongation factor la
promoter. CD133 shRNA 877 sense (9'-cgegtccecgga-
caaggegticacagatticaagagaatetgtgaacgectigtectitttggaaai-3')
and CD133 shRNA 877 antisense (5-cgatitccaaazagga-
caaggcgticacagatictcttgaaatcigtgaacgeetigteegggea-3)  oli-
gonucleotides were annealed to each other and ligated into
the pLVTHM vector at the Clal and Mlul sites, which yields
pLVTHM-CD133-877 shRNA transfer vector. 2937 cells
were co-transfected with 4 pg 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 2
0.45-um filter. CapanlM?9 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 FACSAsia (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).

Resuits

Selection of & 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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