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Figure 3. CD166- cells show high invasive and migratory activities. (A) Invasion assays of CD166+ and CD166- cells derived from SW1990 and
Panc-1 cell lines were performed by culturing the cells on Matrigel-coated transwell inserts. After the indicated times, the cells on the lower
membrane of the inserts were stained with H&E (representative images are shown) and quantified. (B) Migration assays of CD166+ and CD166- cells
from SW1990 and Panc-1 cell lines were performed by culturing the cells on inserts. After the indicated times, the cells on the lower membrane of the
inserts were stained with H&E (representative images are shown) and quantified. Original magnification: 200x. (C) Proliferation of CD166+ and
CD166- cells derived from SW1990 and Panc-1 cell lines was measured at the indicated times post-initial seeding. (D) Quantification and
representative images of the colony formation capacities of CD166+ and CD166- Panc-1 cells. (E) Quantification and representative images of the
sphere formation capacities of CD166+ and CD166- Panc-1 cells. (F) Quantification and representative images of the adhesive capacities of CD166+
and CD166- Panc-1 cells. Original magnification: 40 x. Data represent the mean = SD; ¥, p<0.05; **, p<<0.01; ***, p<0.0001; NS, not significant.
doi:10.1371/journal.pone.0107247.9003

To explore whether CD166 plays a role in metastasis, we used 0.0001 and p=0.0015 for Panc-1 and SUIT-2, respectively,
two previously established metastatic pancreatic cancer cell lines Iigure 6C).
that were generated from liver metastases in nude mouse xenograft
models [13]. These cell lines, metastatic Panc-1 and metastatic Discussion
SUI'T-2, showed a stronger liver metastatic potential compared

with that of their parental cell lines. In the metastatic Panc-1 cell In t{}ch present  study, .‘mmU“Oh'SFOChCmiSWY showed  that
line, the CD166 cxpression rate was significantly increased CD166™¢" was oficn found in pancreatic cancer tissucs comparcd

E] 2 & % 3 . =
compared with that of the parental cells (99.2% vs. 46.9% to normal pancreatic tissues. Our flow cytometric analyses of
Figurc 6B). In the SUI'T-2 ccll Jine, most cells cxpressed CD166 in resected pancreatic cancer tissues revealed that the percentage of

both parental SUIT-2 cells (99.3%) and metastatic SUIT-2 cells ¢D 166"*' cells ranged [rom 33.8 ‘o 70.2% among EPCAM+ ccllls,
(99.4%). gRT-PCR analysis showed that the levels of CD166 suggesting that CD166 expression was freqm?nt in pancreatic
mRINA h both metastatic Pane-1 and fnetaseatic SUIT-2 ells cancers. However, the role of CD166 expression has not been
were significantly greater than thosc in their parental cell lines (p< clarified in panereatic Gancer. Previously, the roles of CD166 have
been reported in several other types of cancer. However, the
findings are controversial, because the cells expressing CD166
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Figure 4. CD166+ cells show strong tumorigenicity in mouse xenograft models. (A) Mice were subcutaneously transplanted with parental,
CD166+, and CD166- cells from the Panc-1 cell line (representative image), and tumor volumes were regularly measured for 7 weeks. (B) Mouse
orthotopic tumor xenograft models were also generated from CD166+ and CD166- Panc-1 cells. Tumors were excised and wet weighed. (C, E)
Immunohistochemical analysis of CD166 in subcutaneous (C) and orthotopic (E) tumors derived from CD166+ and CD166- SW1990 and Panc-1 cells.

Original magnification: 100 x. (D, F) CD166 expression was analyzed in subc

utaneous (D) and orthotopic (F) tumors derived from CD166+ and CD166-

cells by flow cytometry. (G) Analysis of the relationship between tumor welght and the positivity rate of CD166 cells in orthotopic tumors denved

from CD166+ and CD166- Panc-1 cells. All graphs show the mean + SD; *
doi:10.1371/journal.pone.0107247.g004

show strong tumorigenicities and inhibition of CD166 enhances
invasive and migratory activities [6,7,9,10].

Scveral studics have reported that CD 166+ cancer cells in colon
and prostate cancers might represent CSGs, because these cells

L p<0.05, **, p<0.01.

exhibit strong in vivo tumorigenicity [6,7]. In the present study,
we found that the CDI166+ pancreatic cancer cells had stronger
tumorigenicity than that of their CD166- counterparts in vivo. We
also found no differences in the expression rates of other

Table 3. Tumorigenic potential of CD166+/CD166- cells derived from the Panc-1 cell line.

No. of mice with tumor formation

(Tumor volume>100 mm3)

No. of injected cells Euthanized at 6 weeks 8 weeks 10 weeks
Parent 4x10 4 0/5 0/5 0/5

2x10:5 0/5 2/5 4/5

1x10 6 /5 3/5 4/5
CD166+ cells 4x10 4 0/5 /5 /5

2x10 5 0/5 0/5 0/5

1x106 4/5 4/5 4/5
CD166- cells 4x10 4 0/5 0/5 0/5

2x105 0/5 0/5 0/5

1x10 6 0/5 0/5 1/5

doi:10.1371/journal.pone.0107247.1003
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Figure 5. CD166- Cells Over-express the EMT Activator Zeb1. (A) qRT-PCR analysis of the mRNA levels of CD166 in SUIT-2 cells after RNA

interference was performed at the indicated days post-transfection. Control

(siControl) or CD166 silenced cells (siCD166) were analyzed by (B) colony

formation assays at the indicated days post-transfection. (C) gRT-PCR analysis of EMT markers E-cadherin, N-cadherin, Zeb-1, and MMP2 in CD166+
and CD166- Panc-1 and SW1990 cells. (D) The relationships between expression of CD166 and CSC markers CD24, CD44, and CD133 in Panc-1 cells
were analyzed by flow cytometry. Data represent the mean = SD; *, p<0.05; NS, not significant.

doi:10.1371/journal.pone.0107247.g005

pancreatic CSC' candidate markers, CD24, CD44, and CD133
[23,24], between CD166+ and CD166- cells. These results suggest
that CD166 might be an independent marker of pancreatic CSCs.
The present study revealed that CD166+4 cells showed greater
proliferation and colony formation abilities than those of CD166-
cells i wvitro. Although a greater sphere formation ability of
CD166+ cancer cells has been reported in colon cancer, prostate
cancer, and head and neck squamous cell carcinoma [6,7,30], our
study showed that there was no significant difference in the sphere
formation capacities of CD166+ and CD166- cells.

On the other hand, we showed that the CD166- population of
pancreatic cancer cells had stronger invasive and migratory
activities compared with those of the CD166+ population in vitro.
The relationship between invasive/migratory abilities and CD166
expression has been previously reported in other types of cancer
including endothelial-like yolk sac cells [31], epithelial ovarian
carcinoma cells [9], and glioblastoma cells [10]. We also
mnvestigated the expression levels of EMT-assoclated genes in
relation to the status of CD166 expression. We found that an
EMT activator, Zebl, was over-expressed i CDI166- cells
compared with that in CD166+ cells. However, there were no
differences in morphology or expression of the epithelial marker

PLOS ONE | www.plosone.org

E-cadherin. The role of CD166 might be related to pancreatic
CSCs or EMT, but there are some controversial points.

To identify other key molecules involved in CD166 cxpression,
our study showed that the level of MMP2 mRNA was greater in
CD166- cells than that in CD166+ cells. Additionally, microarray
analysis identified several genes that were differentially expressed
in CD166+ and CD166- cells, including four genes, TSPANS,
BST2, BMP7, and ColAl, which are related to invasive and
migratory activities or tumorigenicity [25-29]. Swart et al. and
Hong ct al. reported an association of CD166 with adhesiveness
[3,12]. Adhesiveness might cause the functional differences
between CD166+ and CD166- cells; however, Hong ct al.
reported that knockdown of CD166 by RNA interference reduces
cell adhesion but does not affect growth or invasion of pancreatic
cancer cells [12]. Our study revealed that CD166+ cells showed
strong proliferative activities, but there was no significant
difterence in the adhesive capabilities of CD166+ and CD166-
cells. Further investgation is needed to clarify the functional
difference hetween CD166+ and CD166- pancreatic cancer cells.

We examined the relationship between CD166 expression and
metastatic potential in two previously established metastatic
pancreatic cancer cell lines [15]. In these cell lines, the levels of

September 2014 | Volume 9 | Issue 9 | 107247
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Figure 6. Over-expression of TSPAN8 and BST2 in CD166+ cells, and BMP7 and Col6A1 in CD166- cells. (A) qRT-PCR was used to analyze
the mRNA levels of TSPANS, BST2, BMP7, and Col6A1, which were found to be up-regulated by more than 2-fold in CD166+ and CD166- cells in
comparisons of microarray data. (B) The positivity rate of CD166 in metastatic Panc-1 and metastatic SUIT-2 cell lines was measured by flow
cytometry. (C) gRT-PCR analysis was also used to examine CD166 mRNA levels in the metastatic cell lines. Data represent the mean =+ SD; *, p<0.05,

** p<0.01, ***, p<0.001.
doi:10.1371/journal.pone.0107247.g006

CD166 mRNA expression were greater than those in their
parcntal ccll lines. Thercfore, CDI166 cxpression might be
associated with the metastatic behavior of pancreatic cancer cells.

In conclusion, we have revealed that CD166+ pancreatic cancer
cells arc highly tumorigenic, whercas CD166- pancreatic cancer
cells exhibit stronger invasive and migratory activities. Although
further investigations are needed to uncover the mechanisms
underlying these functional differences, this study demonstrates
that CDI166 expression is related to different functions in
pancreatic cancer cells.

Supporting Information

Figure S1 Analysis of the relationships between CD166
positivity rates and malignant potential indicators
(invasion, migration, and proliferation) in pancreatic
cancer cell lines.

(TTF)

Figure S2 Mice were subcutaneously transplanted with
parental, CD166+, and CD166— cells from the SW1990
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10

cell line (representative image) and tumor volumes were
regularly measured for 7 weeks. Data represent the mean =
SD; NS, not significant.

(T

Figure S3 Effects of CD166 silencing by RNA interfer-
ence on pancreatic cancer cell behavior. Control (siControl)
or CD166 silenced cells (siCD166) were analyzed by (/) invasion
assays and (B) migration assays at the indicated days post-
transfection. Original magnification: 200 x. (C) Proliferation assay.
Data represent the mean = SD; NS, not significant.

(TTR)

Figure S4 Effect of CD166 knockdown in SUIT-2 cells on
the expression levels of TSPAN8, BST2, BMP7, and
Col6Al. SUIT-2 cells were transfected with CD166-targeting
(siCD166) or control siRNA (siControl), and the expression levels
of the four genes were assessed by qRT-PCR. Data represent the
mean & SD; ¥ $<<0.001; NS, not significant.

(TTF)
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Table S1 Relationships between CD166 expression and
clinicopathological factors.
DLOCX)

Table S2 CD166 positivity rates and malignant poten-
tial indicators (invasion, migration, and proliferation)
in each pancreatic cancer cell line as reported previ-
ously.

(DOCX)

Table S3 Tumorigenic potential of CD166+/— cells
derived from the SW1990 cell line.
DOCX)

Table S4 Differentially expressed genes by >2-fold in
CD166+ cells. (p<<0.03).
DOCX)
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