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FIG. 5 MiR-373 inhibits tumor cell dissemination in vivo. a Appear-
ance of mice 3 weeks after transfection of miR-373 precursor or
control precursor. Abdominal distension and bloody ascites were
detected in six of eight mice in the SUIT-2-control group (left panel).
One of eight mice showed bloody ascites in the SUIT-2-miR-373
group (right panel). b Peritoneal dissemination in the SUIT-2-miR-

SUIT-2 or KP-2 cells transfected with miR-373 precursor
or control precursor.

MiR-373 Changed the Morphology of Pancreatic
Cancer Cells

Treatment of SUIT-2 and KP-2 cancer cells with
precursor miR-373 changed cellular morphology from a
fibroblastoid to an epithelial-like appearance (Fig. 3a).
Recently, miR-373 has been reported to induce E-cad-
herin expression in PC-3 cells.** We investigated the
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373 and SUIT-2—control groups. The abdominal cavity was bloody in
the SUIT-2—control group, and the number of peritoneal dissemina-
tion lesions was drastically inhibited in the SUIT-2-miR-373 group
compared with the SUIT-2-control group (P < 0.001). Arrows
indicate disseminated lesions in the peritoneal cavity

effect of miR-373 on EMT-related genes and found that
miR-373 transfection produced a strong induction of
E-cadherin and a reduction of vimentin mRNA levels
(Fig. 3b). These findings were consistent at each time
point from 24 h after transfection (Fig. 3b), and similar
results were obtained from the analyses of protein levels
(Fig. 3¢, d). We also investigated CD44 expression,
which was previously reported to be a target of miR-373,
and the changes in the expression level of CD44 were
not consistently down-regulated at each time point
(Fig. 3b).
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MiR-373 Repressed TGF-f—-Induced EMT
in Pancreatic Cancer Cells

TGF-B1 has been shown to induce an EMT in pancreatic
cancer cells.>® Therefore, we investigated the effect of
miR-373 on changes in EMT-related gene expression
during TGF-Bl-induced EMT. We used SUIT-2 cells in
this experiment because they showed remarkable E-cad-
herin induction by miR-373. EMT, characterized by a
reduction of E-cadherin and an induction of vimentin
expression, was observed in SUIT-2 cells (Fig. 4a—c).
Precursor miR-373-transfected cells treated with TGF-f1
expressed significantly higher levels of E-cadherin
(P < 0.001) and lower levels of vimentin (P < 0.001)
compared with control precursor-transfected cells treated
with TGF-B1 (Fig. 4b). Furthermore, miR-373 reexpres-
sion decreased the ability of TGF-B1 to induce a spindle-
like cell shape and prevented the induction of vimentin and
the repression of E-cadherin (Fig. 4b and c). These findings
suggest that miR-373 repressed the ability of TGF-BI to
induce EMT in pancreatic cancer cells.

MiR-373 Inhibits Tumor Cell Dissemination In Vivo

Finally, we investigated the effect of miR-373 on the
dissemination of pancreatic cancer cells in vivo. SUIT-2
cells transfected with precursor miR-373 (SUIT-2-miR-
373) or with control precursor (SUIT-2—control) were
directly injected into the peritoneal cavity of nude mice.
Six of eight mice in the SUIT-2—control group showed
accumulation of ascetic fluid 3 weeks after injection,
whereas this was seen in only one of eight mice in the
SUIT-2-miR-373 group (Fig. 5a; P = 0.024). The degree
of peritoneal dissemination was drastically inhibited in the
SUIT-2-miR-373 group compared with that in the SUIT-
2—control group, and two of eight mice in the SUIT-2-
miR-373 group showed no peritoneal dissemination
(Fig. 5b; P < 0.001).

DISCUSSION

The present analyses demonstrated that miR-373
expression was down-regulated in pancreatic cancer cells
relative to healthy pancreas. Although a previous study
group reported on the miR-373 signaling pathway in pan-
creatic cancer, we demonstrated, for the first time, miRNA
expression in human pancreatic cancer tissues and func-
tional analysis of miRNA and also found that miR-373
reexpression in pancreatic cancer cells changed their cell
morphology, repressed in vitro invasiveness, and inhibited
TGF-Bl-induced EMT and in vivo peritoneal dissemina-
tion. Our present findings raise the possibility that miR-373

reexpression may have potential in the development of a
new therapy for pancreatic cancer.

In the present study, with a panel of pancreatic cancer
cell lines, Hs766T cells showed the highest level of miR-
373 expression. A previous gene expression profile had
classified Hs766T cells as closely resembling healthy
ductal epithelium, and this cell line was called a “norm-
0id” cancer cell line.** The Hs766T cell line is not
completely healthy pancreatic ductal epithelium, and
Hs766T cells appear to show gene expression characteris-
tics intermediate between healthy ductal epithelium and
pancreatic cancer. The present data revealed that micro-
dissected healthy pancreatic ductal cells expressed
relatively high levels of miR-373. Taken together, these
findings suggest that miR-373 is expressed in healthy
pancreatic ductal cells. Although our previous data and
other studies showed miRNA expression in pancreatic
cancer, there were no reports regarding miR-373 expres-
sion in microarray analysis.”'®*> These studies used
human pancreatic duct epithelial cell or chronic pancreatic
tissue as a control, and we consider that gene expression
will be different from the pancreatic tissues.

MiR-373 was first reported as a potential novel onco-
gene in testicular germ-cell tumors.*® Thereafter, it was
reported that its expression was associated with tumor
aggressiveness in breast carcinoma and also inversely
correlated with CD44 expression in breast and colon cancer
cells.3*%” These findings are inconsistent with our results in
pancreatic cancer cells. In HCT-15 colon cancer cells,
miR-373 is highly expressed, and this expression is related
to invasiveness; however, it was expressed at quite low
levels in pancreatic cancer cells and the other two colon
cancer cell lines examined here.>* MiR-373 expression
may differ depending on the origin or type of cancer.

We found that miR-373 induced E-cadherin expression
and repressed vimentin expression and changed cell mor-
phology. The present data also revealed that reexpression
of miR-373 inhibited EMT in response to TGF-BI.
Therefore, these data suggest that miR-373 might have an
important role in the control of EMT in pancreatic cancer.

One of the reasons for the very poor outcome in pan-
creatic cancer is the early dissemination of tumor cells,
which was found in 33 % of autopsied patients who had
undergone potentially curative resection of pancreatic
cancer.**® Dissemination generally occurs in the following
steps: survival of cancer cells in the peritoneal fluid,
adhesion of cancer cells to the peritoneum, and migration
and invasion of cancer cells throughout the peritoneum.>
In the present study, miR-373 repressed tumor dissemina-
tion in vivo as well as EMT in vitro. EMT is reported to be
related to cell-to-cell adhesion and resistance to apopto-
sis. %4 Therefore, transient transfection of miR-373 in our
in vivo experiment may inhibit not only an invasion step,
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but also a survival or adhesion step. These data suggest that
miR-373 reexpression could underpin the development of a
new therapy for pancreatic cancer. However, miR-373
repression was also reported to be a basis for the devel-
opment of therapies against breast cancer; therefore, further
examination is needed to clarify the roles of miR-373 in
different types of cancer.*

The present data suggest that loss of miR-373 expres-
sion was related to invasiveness in pancreatic cancer.
Recently, miR-373 was reported to directly induce E-cad-
herin expression, which was described as “RNA
activation” by miRNA.** This novel function of miRNA
has been only recently reported, and the mechanism is yet
to be fully elucidated. Although further investigations will
be needed, the E-cadherin induction observed in our study
may support the credibility of this phenomenon.

In conclusion, miR-373 was down-regulated in pancre-
atic cancer, and miR-373 reexpression inhibited the
invasiveness in vitro and in vivo. These data suggest that
miR-373 reexpression may have potential in the develop-
ment of a new therapy for pancreatic cancer.
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Abstract

Background: CD166, also known as activated leukocyte cell adhesion molecule (ALCAM), is expressed by various cells in
several tissues including cancer. However, the role of CD166 in malignant tumors is controversial, especially in pancreatic
cancer. This study aimed to clarify the role and significance of CD166 expression in pancreatic cancer.

Methods: We performed immunohistochemistry and flow cytometry to analyze the expression of CD166 in surgical
pancreatic tissues and pancreatic cancer cell lines. The differences between isolated CD166+ and CD166- pancreatic cancer
cells were analyzed by invasion and migration assays, and in mouse xenograft models. We also performed quantitative
RT-PCR and microarray analyses to evaluate the expression levels of CD166 and related genes in cultured cells.

Results: Immunohistochemistry revealed high expression of CD166 in pancreatic cancer tissues (12.2%; 12/98) compared
with that in normal pancreas controls (0%; 0/17) (p=0.0435). Flow cytometry indicated that CD166 was expressed in 33.8—
70.2% of cells in surgical pancreatic tissues and 0-99.5% of pancreatic cancer cell lines. Invasion and migration assays
demonstrated that CD166- pancreatic cancer cells showed stronger invasive and migratory activities than those of CD166+
cancer cells (p<<0.05). On the other hand, CD166+ Panc-1 cells showed a significantly stronger colony formation activity than
that of CD166- Panc-1 cells (p<<0.05). In vivo analysis revealed that CD166+ cells elicited significantly greater tumor growth
than that of CD166- cells (p<<0.05) in both subcutaneous and orthotopic mouse tumor models. mRNA expression of the
epithelial-mesenchymal transition activator Zeb1 was over-expressed in CD166- cells (p<<0.001). Microarray analysis showed
that TSPAN8 and BST2 were over-expressed in CD166+ cells, while BMP7 and Col6A1 were over-expressed in CD166- cells.

Conclusions: CD166+ pancreatic cancer cells are strongly tumorigenic, while CD166- pancreatic cancer cells exhibit
comparatively stronger invasive and migratory activities. These findings suggest that CD166 expression is related to
different functions in pancreatic cancer cells.
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Introduction ability (o initiatc and sustain tumor formation [3]. Conscquently,
targeted therapy of this small cell population in cancer might be
more cllective than current therapics including  those [or
pancreatic cancer.

CD166, also known as activated leukocyte cell adhesion
molecule (ALCAM), is a member of the immunoglobulin
superfamily [4]. It is detectable in a wide variety of cell types,
including cpithelial cells, lymphoid cells, mycloid cells, [ibroblasts,
neuronal cells, hepatocytes, and bone marrow cells [5]. CD166

Pancreatic cancer is one of the most lethal human malignancies,
with a 3-year survival rate of less than 5% [1]. This poor outcome
is largely because early diagnosis is uncommon and conventional
therapeutics such as surgical resection, chemotherapy, and
radiothcrapy have limited cfficacy [1,2]. Therefore, new strategics
arc urgently nceded for cancer therapy. Recently, the concept of
cancer stem cells (CSCs) hag received significant attention. CSCs
comprise a very small population of cancer cells that have the
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has been reported to be a marker for GSCs in colon cancer and
prostate cancer, which indicates strong tumorigenicity  [6,7].
Moreover, its over-expression has been reported as an indepen-
dent prognostic marker for somce cancers [8]. On the other hand,
inhibition of CD166 has been shown to enhance invasive and
migratory activities in ovarian carcinoma and glioblastoma cells
[9,10]. In pancreatic cancer, there have been data reported on the
relationship between CD 166 expression and prognosis data, but it
is still controversial [11-13].

In the present study, we evaluated the significance of CD166
expression i pancreatic cancer. We  found that CDI166+
pancreatic cancer cells exhibited stronger tumorigenicity than
that of CIDI66- cells, whereas CD166- pancreatic cancer cells
exhibited comparatively stronger invasive and migratory activities.
These findings suggest that CD166 cxpression is related to
different functions in pancreatic cancer cells,

Materials and Methods

Ethics statement

T'his study was approved by the Ethics Committee of Kyushu
University (approval number: 24-222) and conducted according
to the Dthical Guidelines for Human Genome/Gene Research
enacted by the Japanese Government and the Helsinki Declara-
tion. All paticnts provided signed informed consent approving the
use of their tissues for unspecified research purposes. Mouse
experiments were approved by the Ethics Committee of Kyushu
University (approval number: A-24-262-0). The animals were
housed under specific pathogen-free conditions.

Patients and pancreatic tissues

Pancrcatic cancer Gissues were obtamed [rom patients who
underwent pancreatic resection at our institution. For immuno-
histochemistry, specimens were collected from 98 pancreatic
cancer patients including 62 men and 36 women with a median
age of 65.2 years (range: 36-81 years). The clinicopathological
characteristics of the patients are described in Table 1. Overall
survival was based on the date of the operation to the date of death
or last follow-up. Prognoses were determined in September 2013,
The median overall survival time was 16 months (range: 1-135
months). Sixty-six patients did not survive for the follow-up.
Adjacent tissucs to the specimens were cvaluated histologically
according to the criteria of the World Health Organization. The
tumor stage was assessed according to the classification of the
Union for International Cancer Control. As control tissucs, wc
obtained 17 normal pancreatic tissue samples from intact
pancreases that were resected for bile duct cancer, neuroendocrine
tumor, or henign solid-pscudopapillary tumor. For flow cytometric
analysis, pancreatic cancer tissues were collected from five
patients, including three men and two women with a median
age of 62.0 years (range = 37-80 years), which had been resected
al our institution hetween July 2013 and November 2013.

Immunohistochemical procedures and evaluation
CD166 was detected using a mouse monoclonal antibody (clonc
MOG/07, 1:430; Novocastra, Newcastle upon Tyne, UK) by
incubation overnight at 4°C. The EnVision system (Dako,
Glostrup, Denmark) was used to visualize the immunostaining.
Cells were considered positively immunostained when the
membrane or cytoplasm was stained. Tissues without staining or
weak and moderate staining intensities in <70% and <30% of
cells, respectively, were considered as CDI66, CD 166" was
assigned to tissues with weak and moderate staining intensites in
=70% and =30% of cells, respectively. Sections were evaluated
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independently by two investigators without any knowledge of the
chinical lcatures of cach case.

Cells and culture conditions

Human pancreatic cclls were dissociated from surgical pancre-
atic tissues using a Tumor Dissociation Kit (human) and
gentleMACS  Dissociator (Miltenyi Biotee, Bergisch-Gladbach,
Germany) according to the manufacturer’s instructions. Immedi-
ately afier dissociation, the eclls were analyzed by flow cytometry.
In addition, we analyzed the following nine pancreatic cancer ccll
lines: BxPC3, ClPac-1, SW1990, AsPC1, and Capan-2 (American
Type Culture Collection, Manassas, Va); Panc-1 (RIKEN,
Tsukuba, Japan); MiaPaCaZ2, SUIT-2, and KP-2 (Health Science
Rescarch Resourees Bank, Osaka, Japan). We also analyzed two
normal pancreatic duct cpithelial cell lines: a human primary
normal pancreatic epithelial cell line, CS-PE (DS Pharma
Biomedical Co., Osaka, Japan), and an immortalized pancreatic
ductal epithelial cell line, HPDEG-L6L7 clone 6 (a gift from Dr.
Ming-Sound Tsao, University of Toronto, Toronto, Canada). In
addition, human pancreatic stellate cells (PSCs) were isolated from
fresh pancreatic specimens using the outgrowth method [14]. The
metastatic SUIT-2 cell line was previously established in our
laboratory [15]. The same method was used to establish the
metastatic Panc-1 cell line. Cells were maintained as described
previously [16].

Flow cytometric analysis and cell separation by
immunoreactivity

Cells from subconfluent monolaycr cultures were suspended in
phosphate-buffered saline (PBS) and incubated with monoclonal
anti-human ALCAM-phycoerythrin (PE) R&D Systems, Minne-
apolis, MN), anti-human CD24-fluorescein isothiocyanate (ITTC)
(cBioscience Ine, San Dicgo, CA), anti-human CD44-FITC (MBI,
Nagoya, Japan), and monoclonal anti-human CDI133-FI'1'C
(Ancell Corp, Bayport, MN) antibodies. Mouse immunoglobulin
G1 K isotype Control PE (eBioscience Inc) was used as a negative
control. Mouse IgGl K isotype Control PE and anti-CD11b-
FITC (Miltenyi Biotec) were used to exclude mouse cells from
analyscs. Labcled cells were analyzed by a flow cytometer (EC800;
Sony Biotechnology, l'okyo, Japan). For cell separation, we
incubated magnetic microbeads conjugated with anti-PE reagent
(Miltenyi Biotec) with labeled cells for 15 minutes at 4°C. Labeled
cclls were isolated by passing the suspension  through an
AutoMACS PRO separator (Miltenyi Biotec). Unlabeled cells
were negatively selected and collected by the depletion method
through the AutoMACS PRO separator.

Matrigel invasion and migration assays

The invasiveness of pancreatic cancer cells was assessed by the
number of cells that invaded through Matrigel (20 pg/well; BD
Bioscicnees, Bedford, MA)-coated transwell chambers with 8-pm
pores (BD Biosciences) as described previously [16,17]. Cancer
cells (5x10* cells/0.25 mL) were seeded in the upper chambers
and incubated for 24 h (Panc-1 cells) 48 h (SW1990 cells), or 72 h
(SUIT-2 cells). Cancer cells that migrated to the lower surface of
the membrancs were fixed with 70% cthanol, staincd with
hematoxylin and eosin (H&L), and five random fields at 200x
magnification were counted for Panc-1 and SW1990 cells or one
center field at 100 x magnification for SUIT-2 cells under a light
microscope (BZ-9000L; Keyence, Osaka, Japan), The migration of
pancreatic cancer cells was assesscd using uncoated transwell
inserts. 'The durations of incubation for the migration assay were
18 h for Panc-1 cells, 40 h for SW1990 cells, and 24 h for SUI'l’-2
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Table 1. Clinicopathologic characteristics of the pancreatic cancer patients.
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W E
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e
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3 (3.1%)
Cseiw
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e
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200%
A5(53%)
31 (31.6%
a6 lew)
6(6.1%)
 ee3w
36 367%)

UICC, Union for International Cancer Control.
doi:10.1371/journal.pone.0107247.t001

cells. The results were expressed as the mean number of migrating
cells in five random fields at 200x magnification. Kach exper-
imental condition was tested in triplicate, and three independent
experiments were performed.

Cell proliferation assay

Cell proliferation was evaluated by measuring the fluorescence
intensity of propidium iodide (PI) as described previously [18].
Cells were seeded into six wells of a 24-well plate (Becton
Dickinson Labwarc, Bedford, MA) at a density of 1x10% cclls/
well. Afier incubation [or the indicated times, PI (30 gmol/L) and
digitonin (600 pmol/L) were added to each well to label nuclei
with PL. The fluorescence intensity of PI, which corresponded to
the total cell number, was mcasured using an Infinitc F200
multimode reader (TTLCAN, Mannedorf, Switzerland).

Colony formation assay

Cells were sceded at a density of 1x107 cells/well in Nune 6-
well cell-culture dishes (Thermo Fisher Scientific K.K., Yoko-
hama, Japan) and incubated for 10 days. Then, the cells were
stained with crystal violet, and the number of colonies was counted
with the ChemiDoc XRS System (Bio-Rad Tahoratories, Hercu-
les, CA). All experiments were performed in triplicate dishes,

Sphere formation assay

Ciclls were sceded at a density of 3x10% cells/well in G-well
ultra-low attachment plates (Corning Inc., Corning, NY) and
cultured in serum-free DMEM:Ham'’s F12 medium (Invitrogen,
Carlshbad, CA) containing 20 ng/ml human recombinant epider-
mal growth factor (PeproTech, Rocky Hill, NJ), 10 ng/ml human
recombinant fibroblast growth factor-2 (PeproTech), 1% Insulin-
Transferrin-Selenium Solution ITS-G), 200 U/ml penicillin, and
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100 pg/ml streptomycin. Afler 12 days, the number of spheres
consisting of >20 cells was counted and imaged under a light
microscope. The experiment was performed twicc.

Adhesion assay

The adhcesion assay was conducted as deseribed in a previous
study [12] with minor modifications. Cells were seeded at a density
of 1 x10° cclls/well in 24-well plates (Becton Dickinson T.abwarc).
After 60 min, the cells were washed with PBS to remove non-
adherent cells. The adhesive cells were stained with crystal violct
and counted under a light microscope. All conditions were tested
in quadruplicate and the experiment was performed twice.

In vivo experiments

Five-week-old female nude mice were implanted subcutaneously
or orthotopically with cancer cells suspended in 100 pL PBS as
described previously [19]. Three-dimensional diameters were
measured to calculate the tumor volume. ‘The mice were sacrificed
on indicated day and the subcutancous or orthotopic tumors were
excised and weighed. For flow cytometric analysis, tumor cells
were dissociated using the Tumor Dissociation Kit (human) and
gentleMACS Dissociator.

Silencing of CD166 expression by small interfering RNA

Cancer cells at approximately 90% confluence were transfected
with CD166-7 (S102780169) small interfering RNA (siRNA)
(Qiagen, 'l'okyo, Japan) by electroporation using the Nucleofector
System (Lonza, Bazel, Switzerland) according to the manufactur-
cr’s instructions. ‘l'o verify the knockdown specificity, we used a
control siRNA (Qiagen). The cells were used in subsequent
experiments at 24-144 h afier translection.
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Quantitative RT-PCR (gqRT-PCR)

Total RNA was extracted [rom cultured cells using a High Purc
RNA Isolation Kit (Roche Diagnostics, Mannheim, Germany) and
DNasc T (Roche Diagnostics) treatment according to the
manufacturer’s instructions. gRT-PCR was performed using a
QuantiTect SYBR Green Reverse Transcription-PCR kit (Qia-
gen) and the CFX96 Real-Time PCR System (Bio-Rad Labora-
tories). Primers were purchased from Takara Bio Inc (Tokyo,
Japan). Primer sequences are shown in Table 2. Kach reaction
mixture was first incubated at 30°C for 30 min for reverse
transcription to synthesize first-strand complementary DNA by
priming the total RNA with a gene-specific primer. PCR was
initiated by incubation at 95°C for 15 min {o activaic the
polymerase, followed by 40 cycles of 95°C for 55, 60°C for
20 s, and 72°C for 30 s. Genes cxpression levels were calculated
using a standard curve constructed with total RNA from Panc-1,
SUIT-2, or specific PSCs. The expression levels of genes were
normalized to those of B-actin as an internal control and expressed
as the ratio of target gene cxpression to B-actin expression. All
samples were run in triplicate, and each sample was analyzed at
least twice. No detectable PCR products were amplified without
prior reverse transcription. The accuracy and integrity of the PCR
products were confirmed using an Agilent 2100 Bioanalyzer
(Agilent T'echnologies Inc, Palo Alto, CA).

Microarray analyses

We carried out microarray analyses of the CDI166+ and
CD166- cells derived from both Panc-1 and SW1990 cell lines.
"The quality of RNA samples was cvaluated using the Agilent 2100
Bioanalyzer. A Human HT-12v4 Expression BeadChip (Hlumina,
San Dicgo, CA) was used for the analyses. Data were analyzed
using BeadStudio software version 3.2.3 (Illumina).

Statistical analysis

Values are expressed as the mean * standard deviation.
Comparisons between (wo groups were made using the Student
t-test. Statistical significance was defined as p<<0.03. The %2 test
was uscd to analyzc the corrclation between G166 expression
and clinicopathological characteristics observed in the immuno-
histochemical study. Survival was calculated by Kaplan-Mcicr
analysis, and survival curves were compared using the log-rank
test. All statistical analyses were performed using JMP 9.0.2
software {SAS Institute, Cary, NC).

CD166 and Tumorigenicity, Invasion and Migration in Pancreatic Cancer

Results

Cases of pancreatic cancer are often CD166"™9"

Immunohistochemical staining for CD166 was performed using
surgically resccted pancreatic tissucs (Figure 1A). Consistent with a
previous study, we found strong CD166 staining in islet cells and
moderate staining in nerves as positive controls [11-13]. In some
cases, CD166 was expressed moderately in the acinar cells. In 17
normal pancreatic tissue samples, pancreatic ductal epithelial cells
did not express CD166 or showed weak CDI66 expression. All
normal pancreatic tissues were identified as CDI166°%. In
pancreatic cancer tissucs, somc cancer cells were  stained
moderately for CDI166, and we identified 12.2% (12/98) of
pancreatic cancer tissues as CDI166"". The percentage of
CD166"#" pancreatic cancer tissues was significantly higher than
that in normal pancrcatic tssucs (p = 0.0435). In pancreatic cancer
tissues, we found that CDI166 expression was associated with
perineural invasion {(p=0.037, Tahle S1), but not prognosis using
Kaplan—Meier survival analysis (p =0.1473, Figure 1B).

We also evaluated CD166expression in pancreatic tissues by
flow cytometry. ln pancreatic cancer tissucs, the CD166+ ratc
ranged from 13.2 to 45.3% (mcan=29.1%). Becausc CDI166 is
expressed in various types of cells [5], we used epithelial cell
adhesion molecule (EpCAM), which is expressed exclusively in
cpithclia and cpithelial-derived ncoplasms, to exclude non-
epithelial tissue from the analysis. Among EpCAM+ cells (10~
36.5% of cells, mean = 20.6%), the positive rate of CD166 ranged
from 33.8% to 70.2% (mean =47.9%) (Figure 1C). Lhere was no
significant difference between CD 166 and EpCAM positivity rates
(p=0.3488).

CD166 Expression in human pancreatic cancer cell lines

Next, we analyzed the CD166+ rate in pancreatic cancer cell
lines by flow cytometry, and found that CD166 was expressed in a
wide range of cclls (0-99.5%) (Figurc 2A). Notably, no rclationship
was found between the CD166+ rate and malignant potentials,
such as invasion, migration, and proliferation, which was in line
with findings in a previous report (Table 82 and Figure S1) [20].
To [further cvaluate the significance of CD166 cxpression
in pancreatic cancer, we analyzed SW1990 and Panc-1 cells
among which 77.7-99.3% (mean=86.4%) and 38.5-54.0%
(mean =46.9%) expressed CD166, respectively. After separation
of the CD 166+ and CD166- subpopulations, we checked CD 166
expression weekly in parental, CD166+, and CD166- cells over a
6-week period (Figures 2B, C). The CDI66+ rate did not

Reverse sequence 5'-3'

| cagggiggaagicaggtatagag
aggctgtgecttectacaga

| gecactgecticatagteasacact
cctgaaatgacctgaageatgaa
ﬁéaggtéatagggécétttgaég; :
tgatgyatggcacctavcagcaa

ctcacagtagtaggeggegtag
':gfcggf(atgétéatéaggtacfga S

ctaagtcatagtccgectagaagea
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Table 2. Sequences of the oligonucleotide primers used in this study.
Primer Forward sequence 5'-3'
D16t tggcaatatcacatggtacaggaa
E-cadherin tcagegtgtgtgactgtgaa
’N-‘c‘adyhe',rih . ‘égéafg‘gaytééa:aga tec
Zeb catcttgagctgaatttgggtaaca
MMP2  coarcgcagatgectag ;
TSPANS cctageattagcaatatgggtacga
BST2. . . gd’aigcagagaagg
BMP7 accagaggcaggcctgtaaga
B-actin tggcacccagcacaatgaa
doi:10.1371/journal.pone.0107247.t002
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Figure 1. CD166 expression in human pancreatic tissues. (A) Immunohistochemical staining for CD166 was performed using resected
pancreatic tissues. (a) In the normal pancreas, CD166 was expressed strongly in the membrane of islet cells (black arrows) and weakly in normal
pancreatic ductal cells (black arrowhead). (b) In some pancreatic cancer tissues, cancer cells were positive for CD166. Original magnification: 200 x.
Insets: 600 x. (B) Kaplan-Meier survival analysis revealed that the intensity of CD166 expression in pancreatic cancer was not correlated with prognosis
(p=0.1473). (C) Flow cytometric analysis of CD166 expression in cells separated based on EpCAM expression. The positive expression rate (%) is

indicated for each marker.
doi:10.1371/journal.pone.0107247.g001

significantly change in CD166+ cells, while that in hoth parental
and CD166- cclls increased gradually. Of note, we did not obscrve
obvious morphological differences between CD1664 and CD166-
Panc-1 cells (Figure 2D).

CD166- cells show high invasive and migratory activities,
whereas CD166+ cells show a stronger colony formation
activity

To explore the effects of CD166 in pancreatic cancer, various
cancer-associated processes were tested in pancreatic cell lines that
were separated based on CD166 expression. We compared the
invasive and migratory abilites of CD166+ and CD166- cells
derived from hoth SWI1990 and Panc-1 cell lines. CDI166-
SW1990 and CD166- Panc-1 cells exhibited significantly greater
cell invasion than that of their CD166+ cell counterparts (p<<0.05;
Tigure 3A). In addition, CDI166- cells exhibited a markedly
increased migratory potential compared with that of CD166+
cells from both SW1990 and Panc-1 cell lines (p<<0.05; Figure 3B).
Using a prolifcration assay, we found that CD166+ cclls showed
greater proliferative activity than that of GD166- cells from the
SW1990 cell line (p<<0.0001), but not CD166- cclls [rom the Panc-
1 cell line TFigure 3C). In the colony formation assay, CD166+
Panc-1 cclls showed a significantly stronger colony formation
activity than that of CD166- Panc-1 cells (p<<0.05; Figure 3D). In
sphere formation and adhesion assays, no differences were found
between the capacities of CD166+ and CD166- Panc-1 cells

(Figure 3E and 3F).
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CD166+ cells show strong tumorigenicity in mouse
xenograft models

To evaluate the effects of CD166 on in vivo tumor growth, we
subcutaneously transplanted CD 166+ or CD166- cells into nude
mice. We found that CD166+ cells had significantly greater
tumorigenicity than that of CD166- cclls derived [rom the Panc-1
cell line (p=0.0082; I'igure 4A and Table 3). Similarly, SW1990-
derived CD166+ cells tended to generate larger tumors than those
of CDI166- cells, although the difference was not statistically
significant (Figure $2 and Table S3). In mousc orthotopic
xenograft models, tumors derived from CD166+ Panc-1 cells
were heavier than those from CD166- Panc-1 cells (p<<0.05;
Figure 4B). Analysis of the subcutaneous and orthotopic xenograft
models by flow cytometry showed that the CID 166+ rate in tumors
from CD166+ cells was significantly higher than that in tumors
from CD166- cclls, although immunohistochemistry did not show
significant differences in CD166 expression (Figures 4C—F). There
was also no significant relationship between the size of tumors and
the CD166+ rate of cells (Figure 4G).

CD166- cells over-express the epithelial-mesenchymal
transition (EMT) activator Zeb1 ‘
Hong et al. reported that knockdown of CD166 by RNA

~ interference has no cfleet on the growth or invasion ol pancreatic

cancer cells [12]. We also inhibited CD166 expression by RNA
interference in the pancreatic cancer cell line SUIT-2. As a result,
knockdown of CDI166 did not affect invasion, migration,
proliferation, or colony formation activitics (Figures 5A, 5B, and
S3A-C). To elucidate key factors underscoring the functional
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Figure 2. Analysis of CD166 expression in human pancreatic cancer cell lines. (A) CD166 positivity rates in two normal pancreatic duct
epithelial cell lines, pancreatic cancer cell lines, and pancreatic stellate cells (PSCs). (B, C) SW1990 (B) and Panc-1 (C) cells (parental cells) were
separated based on CD166 expression (CD166+ and CD166-) by an AutoMACS PRO separator. Changes in CD166 expression in parental and
CD166+/— subpopulations were monitored frequently by flow cytometry over 6 weeks. (D) Morphology of Panc-1 cells separated based on CD166

expression. Original magnification: 40x.
doi:10.1371/journal.pone.0107247.g002

differences between CD166+ and CD166- cells, we next focused
on the expression of markers for EMT and pancrcatic CSCs. We
evaluated the expression of EMT markers in SW1990 and Panc-1
cells using qR'U-PCR. At the primary stage of EMT, cclls lose
expression of epithelial markers, express mesenchymal markers,
and acquirc motile and invasive propertics [21]. The level of Zehl
mRNA, an EMT activator, was greater in CD166- cells than that
in CD166+ cclls, although there was no difference in the mRNA

levels of epithelial marker E-cadherin (Figure 5E). The level of

N-cadherink. mRNA, a mesenchymal marker, was higher in
CD166+ cells than that in CD166- cells. Furthermore, the level
of metalloproteinase 2 (MMP2) mRNA, which is related to cell
invasiveness, was increased in CD166- cells compared with that in
CDI166+ cells [22]. Next, we analyzed the relationship between
CD166 expression and CSC markers CD24, CD44, and CD133;
however, we did not find any significant changes in their
expression between CD166+ and CDI66- cells derived from
Panc-1 cells (Tigure 5D) [23,24].
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Microarray analysis shows over-expression of TSPANS
and BST2 in CD166+ cells, while BMP7 and Col6A1 are
over-expressed in CD166- cells

"l'o identify other key molecules involved in CD166 expression,
we performed microarray analyses of CD166+ and CD166- cells
from both Panc-1 and SW1990 ccll lincs. Comparisons of the
microarray data identified 26 genes that were up-regulated by
morc than 2-fold in CD166+ cclls (1'able S4) and 11 genes that
were up-regulated by more than 2-fold in CD166- cells (Table 85).
OfF these genes, we sclected TSPANS, BST2, BMP7, and Col6Al
for further analysis, because these genes have heen reported to be
involved in tumorigenicity or cancer cell invasion and migration.
qRT-PCR analysis was then performed to validate microarray
data (Figure 6A) [25—29]. To evaluate the effects of CDI166
knockdown on the expression of these four genes, their mRNA
levels were assessed in SUIT-2 cells after RNA interference. As a
result, there were no significant changes in the expression levels of
these genes (Figure S4).
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