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Abstract

Patients with pancreatic adenocarcinoma have the lowest 5 year survival rate and yearly rates of
incidence are nearly equal to the mortality rates. Long term cure rates by standard therapies are
disappointing owing to disseminated disease at diagnosis and chemotherapeutic resistance. New
therapeutic targets are necessary to decrease the progression of pancreatic cancer and the ability to
identify targets specific to metastasis would improve patient care. We evaluated the levels of
micro-RNA of metastatic and non-metastatic cell lines. The expression levels of microRNAs and
MRNAs were determined using microarray analysis to examine and compare five pancreatic
cancer cell lines, two that can metastasize in vivo (S2VP10 and S2CP9) and three that do not
metastasize (MiaPaCa2, Panc-1 and ASPC-1). MicroRNA analysis indicated an increase in
miR-100 and a decrease in miR-138 expression in metastatic cancer cells. Microarray analysis of
different expressions of mMRNAS in metastatic and non-metastatic pancreatic cell lines also
indicated significantly increased insulin growth factor-1 receptor (IGF1-R) expression in
metastatic pancreatic cancer cell lines compared to hon-metastatic pancreatic cancer cell lines. To
confirm microarray analysis results, western blot and immunocytochemistry were performed.
Western blot revealed that IGF1-R expression exhibited in metastatic cancer cell lines a seven-fold
increase compared to non-metastatic cell lines. In addition, downstream expressions of the
proteins, GRB2 and phosphorylated PI3K, also were increased in aggressive cancer cell lines.
Immunocytochemistry confirmed the linkage of IGF1-R to miR-100, because cells transfected
with miR-100 inhibitor showed a decrease in IGF1-R. Cells transfected with a miR-138 mimic,
however, did not affect IGF1-R expression.
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Pancreatic ductal adenocarcinoma, also known as pancreatic cancer, is one of the most
devastating diseases in the world. In 2008, 99.1% of all patients diagnosed with pancreatic
cancer in the United States died from the disease (Jemal et al. 2008). The five year survival
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rate of patients diagnosed with pancreatic cancer is 5% and median survival is
approximately 6 months (Couch et al. 2007). Current treatment for pancreatic cancer
includes chemotherapy, radiation therapy, and surgery; however, all therapies for pancreatic
cancer are disappointing. Recently, scientists have focused on a new approach to target
specific genes that decrease the progression and metastasis of pancreatic cancer.

MicroRNAs (miRNAS) are short non-coding RNAs that control post-transcriptional gene
expression (Bentwich et al. 2005, McNally et al. 2013). MiRNAs are important regulators of
cellular processes including proliferation, apoptosis, differentiation, motility and
morphogenesis. Several miRNAs are classified as proto-oncogenes or tumor suppressors
(Esquela-Kerscher et al. 2006, Calin et al. 2006). Specifically, miRNA-100 has been shown
to have an anti-angiogenic function (Grundmann et al. 2011) and to act as a tumor
suppressor in human bladder carcinoma (Oliveira et al. 2011). MiRNA-138 has been linked
to repair of DNA damage and is involved in several types of cancer (Liu et al. 2011,
Landgraf et al. 2007). The therapeutic effects of miRNA-100 and -138 on pancreatic
adenocarcinoma remain unclear.

Insulin growth factor-1 receptor (IGF1-R) has been shown to control cell proliferation and
down-regulation of IGF1-R can lead to cell death (Baserga et al. 2003a). Earlier studies have
shown that high circulating levels of IGF1-R are associated with breast (Hankinson et al.
1998), prostate (Chan et al. 1998), lung (Yu et al. 1999), pancreatic (Li et al. 2003) and
colorectal cancer (Ma et al. 1999). When IGF1-R is up-regulated, proliferation of cancer
cells is accelerated and this may play a role in cancer cell metastasis (Lopez et al. 2002).

We examined the expression levels of mMiRNA-100 and miRNA-138 and their involvement
with IGF1-R in pancreatic cancer cell lines that can metastasize in vivo. We found that
miRNA-100 is over-expressed and miRNA-138 is under-expressed in potentially metastatic
pancreatic cancer cell lines. It is interesting that transfection of miRNA-100 inhibitor into
S2VP10 pancreatic cancer cells caused decreased IGF1-R expression. Transfection of
S2VP10 cells with miRNA-138 mimic, however, did not affect IGF1-R expression. These
findings indicate that mMiRNA-100, and not miRNA-138, is associated with regulating IGF1-
R in pancreatic cell lines.

Materials and methods

Cell lines

Potentially metastatic pancreatic adenocarcinoma cell lines, S2VVP10 and S2CP9, and non-
metastatic pancreatic adenocarcinoma cell lines, Panc-1, ASPC-1, and Miapaca-2, were
cultured with RPMI 1640 and DMEM (Invitrogen, Grand Island, NY), respectively, the
media were supplemented with 10% FBS (Atlanta Biological, Atlanta GA) and 1% L-
glutamine, and the cells were grown at 37° C in a humidified incubator with 5% CO,.

MiRNA and mRNA array

RNA was extracted from S2VP10, S2CP9, Miap-PaCa-2, Panc-1, and Aspc-1 cells using an
Ambion RNAqueous isolation kit according to the manufacturer’s instructions
(LifeTechnologies, Grand Island, NY). MiRNA expression profiles were evaluated from
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RNA samples. Affymetrix miRNA array (Flashtag HSR, #HSR10FTA Santa Clara, CA)
was used to measure mMiRNA and mRNA expression was measured using the Affymetrix
GeneChip miRNA 2.0 Array for each cell line. Diana micro-T4.0 is an algorithm based on
several parameters calculated individually for each miRNA,; it combines conserved and non-
conserved miRNA recognition elements into a final prediction score of miRNA + target
gene interactions. Downstream target proteins of selected miRNAs were identified using
Diana micro-T4.0 and were correlated to the mRNA data. Likelihood scores compared
metastatic cell lines to non-metastatic cell lines.

Western blot

Cells were lysed in a buffer solution containing 1% NP-40, 1% phosphatase inhibitor and
1% protease inhibitor in nuclease free-water. Lysates were centrifuged at 13.3 x g for 10
min at 4° C. The total protein in the lysates was quantified using the Bradford assay (Amm
et al. 2011). Approximately 50 ug of protein from each sample was dissolved in loading
buffer. Proteins were separated by NuPage 4-12% Bis-Tris gel, then transferred onto
nitrocellulose membranes using iBlot (LifeTechnologies). The membranes were blocked
with Li-Cor blocking buffer (Li-Cor, Lincoln, NE). Proteins were incubated with IGF1-R
(ABcam, Cambridge, UK), PI3K p110 (Epitomics, Burlingame, CA), and GRB2 (ABcam)
at a dilution of 1:1000. The membranes were incubated overnight at 4° C, then washed three
times using TBS and incubated with secondary antibodies, anti-mouse or anti-rabbit 1gG
(Li-Cor) diluted 1:2500 at room temperature. Membranes were scanned and analyzed using
Li-Cor Odyssey.

Transfection of miRNA 138 and 100

S2VP10 was transfected with PreMir-138, a miR-138 mimic, and MirZip-100, a miR-100
inhibitor, using Superfect Transfection Reagent (Qiagen, Valencia, CA) according to
manufacturer’s instructions. Plasmids of PreMir-138 and MirZip-100 were obtained from
SBI System Bioscience (Mountain View, CA). PreMir-138 and Mirzip-100 plasmids were
tagged with green fluorescent protein (GFP) to indicate positive transfection of cells.

Immunocytochemistry

S2VP10 transfected with PreMir-138 and MirZip-100 were cultured in multi-well gaskets on
microscope slides for 24 h. Cells were fixed with 10% neutral buffered formalin for 12 h,
then incubated with 2% Bovine Serum Albumin in Tris Buffered Saline. IGF1-R antibody
(ABcam) diluted 1:50 was added and incubated at 4° C overnight. Cells then were washed
with TBS and secondary goat anti-rabbit IgG (H + L), DyLight 633 antibodies diluted
1:1000 (Pierce Biotechnology, Rockford, IL) were added and incubated at room temperature
for 1 h. Cells then were washed with TBS and hard mounting media with DAPI was added
(Vector Laboratories, Burlingame, CA).

Statistical analysis

Data were analyzed using the statistical software package, SAS9.1 (SAS Institute, Cary,
NC). Differentially expressed miRNAs identified between the cells that can metastasize in
vivo and the cells that do not were analyzed using a Wilcoxon test with correction using
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Benjamini and Hochberg False Discovery Rate. This was done to correct for the occurrence
of false positives, i.e., that are found to be statistically different between conditions
secondary to multiple comparisons. A two-tailed value of P < 0.05 was considered
statistically significant. MiRNAs were sorted in ascending order by P-value. Pearson’s
correlation coefficients were calculated for mMRNA expression and miR expression.
Nonparametric rank tests to give an estimate for R were performed.

MiRNA and mRNA array analysis indicated differential expression of specific miRNAs
between metastatic and non-metastatic pancreatic cancer cell lines as shown in Fig. 1.
MiIRNA-100, -23b, -31, and -18b showed greater expression in metastatic pancreatic cancer
cell lines than in non-metastatic cell lines (p = 0.0001, 0.001, 0.001, 0.003, respectively).
MiR-NA-138, -299, -183, and -126 showed less expression in metastatic pancreatic cancer
cell lines than in non-metastatic cancer cell lines (p = 0.04, 0.07, 0.002, 0.0007,
respectively). Diana micro-T4.0 identified miRNA-100 and miRNA-138 as potential
modulators of IGF1-R. MiRNA-100 levels were 6.6 greater in metastatic cell lines (p =
0.0001), while miRNA-138 levels were 6.1 times lower (p = 0.04) in metastatic pancreatic
cancer cell lines compared to non-metastatic pancreatic cancer cell lines.

To confirm that IGF1-R was greater in metastatic pancreatic cancer cell lines, western blots
were performed on both the metastatic and non-metastatic pancreatic cancer cell lines. In
western blots, IGF1-R expression data was increased seven times in metastatic pancreatic
cancer cell lines as shown in Fig. 2. The levels of protein expression downstream from
IGF1-R, including GRB2 and phosphorylated PI3K, also were increased in metastatic
pancreatic cancer cell lines.

S2VP10 cells were transfected with miRNA-100 inhibitor or miRNA-138 mimic to test
whether the expression of IGF1-R was affected. Immunocytochemistry was used to test for
IGF1-R expression in transfected S2VP10 cells. As a control, the cells were stained with
DAPI and secondary antibody (Fig. 3A-C). Also as a control, S2VP10 cells were stained
with IGF1-R and DAPI (Fig. 3D-F). As shown in Fig. 3G-I, cells transfected with
miRNA-100 (GFP) had less IGF1-R expression than the controls. As shown in Fig. 3J-L,
however, there was no change in IGF1-R expression after transfection of S2VP10 cells with
miRNA-138 mimic.

Discussion

Metastasis is the main cause of death from cancer. For metastatic pancreatic cancer,
chemotherapy provides only palliative benefits. Novel therapies for treating metastatic
pancreatic cancer must be developed (Chambers et al. 2002, Li et al. 2004). Currently, a
variety of strategic targets are under development for clinical use. These targets include
PSCA (Wente et al. 2005), MEK (Chung et al. 2009), Src (Rajeshkumar et al. 2009), and the
hedgehog pathway (Olive et al. 2009). Identifying new biomarkers and understanding the
tumor microenvironment also are crucial for developing new treatments. We have found that
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IGF1-R is over-expressed in metastatic pancreatic cancer cell lines that metastasize in vivo
and one of these cell lines, S2VP10, is regulated by miR-100.

Previous studies have shown that IGF1-R plays an important role in cell longevity, adhesion
and proliferation (Mauro et al. 2002, Baserga et al. 2003b). An increased level of IGF1-R
expression in cells is associated with increased risk of breast, prostate, lung, pancreatic and
colorectal cancers (Taromaru et al. 2012, Ouban et al. 2003, Sekharam et al. 2003). Previous
studies have shown that high levels of IGF1-R correspond to the ability of pancreatic cancer
cells to metastasize in vivo (Jaquish et al. 2011). The cells of metastatic islet tumors also
have been reported to demonstrate greater IGF1-R expression, which suggests that IGF1-R
signaling is involved in cancer cell invasion and metastasis (Lopez et al. 2002). In our study,
western blot analysis showed a seven-fold increase in IGF1-R expression in metastatic
pancreatic cancer cell lines compared to pancreatic cancer cell lines that do not metastasize
in vivo. Protein signals downstream of IGF1-R, including GRB2 and phosphorylated PI3K,
showed greater expression in the metastatic pancreatic cancer cell lines. These findings
suggest that IGF1-R expression may be an important biomarker for the severity of
pancreatic cancer.

Functional analyses of miRNAs have demonstrated their important roles in initiation,
invasion, and progression of cancer (Esquela-Kerscher et al. 2006). Our results indicated
altered expressions of eight miRNAs between metastatic and non-metastatic pancreatic
cancer cell lines. Because each miRNA may have hundreds of target mMRNAS, we focused
on identifying functional linkages between these miRNAs and IGF1-R.

The specific involvement of miR-100 in the development of neoplasia appears to be organ-
specific, because high levels of mMiRNA-100 are linked to the development of prostate
cancer (Leite et al. 2011), but low levels are associated with ovarian (Peng et al. 2012) and
bladder carcinomas (Oliveira et al. 2011). By contrast, inhibition of mMiRNA-138 has been
reported to cause apoptosis and cell cycle arrest in cell lines of head and neck squamous cell
carcinomas (Liu et al. 2009). Other studies have shown that down-regulation of miRNA-138
increases the proliferation of squamous cell carcinoma cells of the tongue (Jiang et al. 2011).
Our studies show that miRNA-100 is over-expressed and miRNA-138 is under-expressed in
metastatic pancreatic cancer cell lines compared to hon-metastatic pancreatic cancer cell
lines. To determine the role of miRNA-100 and -138 in regulating IGF1-R, we transfected a
miRNA-100 inhibitor or -138 mimic into the S2VP10 cell line. Immunocytochemistry
showed that IGF1-R was decreased in S2VP10 cells transfected with miR-100. Down-
regulation of IGF1-R was not detected in S2VP10 cells transfected with miR-138.

Our investigation indicates that IGF1-R is increased in metastatic pancreatic cancer cell
lines. Inhibition of MiIRNA-100 S2VP10 cells decreased IGF1-R expression. IGF1-R may be
an important molecular feature and a useful biomarker for diagnosis and treatment of
metastatic pancreatic cancer.
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Fig. 1.
MiRNA array analysis of pancreatic cancer cell lines that can metastasize in vivo. Graph

shows miRNA differences between potentially metastatic and non-metastatic pancreatic
cancer cell lines. MiRNA-100, -23b, -31, and -18b show greater expression in metastatic
pancreatic cancer cell lines than in non-metastatic cancer cell lines (p = 0.0001, 0.001,
0.001, 0.003, respectively). MiRNA-138, -299, -183, and -126 have lower expressions in
metastatic pancreatic cancer cells compared to non-metastatic cancer cells (p = 0.04, 0.07,
0.002, 0.0007, respectively).
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Fig. 2.
Western blot analysis of S2VP10, S2CP9, Panc-1, and Miapaca-2. Metastatic pancreatic

cancer cell lines (S2VP10, S2CP9) in vitro demonstrated up-regulation of IGF1-R compared
to non-metastatic pancreatic cancer cell lines (Panc-1, Miapaca-2). The downstream signals
of IGF1-R, including GRB2 and PI3K, showed increased protein expression in metastatic
pancreatic cancer cell lines.
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Fig. 3.
Immunocytochemistry of S2VP10 cancer cells. Blue indicates DAPI, red indicates IGF1-R,

and green indicates miRNA transfected cells. A—C show controls, i.e., S2VP10 cells stained
with DAPI and secondary antibody. D—F show additional controls, i.e., S2VP10 cells stained
with IGF1-R. E, F) S2VP10 cells show red fluorescence, which indicates that IGF1-R is
present in these cells. G-1) S2VP10 cells transfected with miRNA-100. Transfected cells
(GFP positive) show less intense red fluorescence, which indicates that IGF1-R is down-
regulated in S2VP10 cells transfected with miR-100. J-L) S2VVP10 cells transfected with
miR-138. Red fluorescence in transfected S2VP10 cells (GFP positive) is similar to S2VP10
control cells, which indicates that IGF1-R expression was not down-regulated in S2VP10
cells transfected with miR-138.
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