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Abstract. Kindlin-1 is a novel focal adhesion protein that belongs
to the kindlin family. Expression of kindlin-1 has recently been
reported in lung and colon cancers, but there have been no studies
on its expression in pancreatic cancer. This study aimed to investigate the expression and function of kindlin-1 in pancreatic cancer.
Quantitative RT-PCR of Kindlin-1 mRNA was performed in
various pancreatic cancer cell lines as well as normal pancreatic
epithelial cells and fibroblasts. Immunohistochemical analysis
of kindlin-1 was performed for pancreatic cancer tissues. The
effects of kindlin-1 on the proliferation, migration and invasion
of pancreatic cancer cells were investigated using an RNA interference technique. Kindlin-1 mRNA was highly expressed in the
pancreatic cancer cell lines, but only slightly expressed in normal
pancreatic epithelial cells and fibroblasts. The Kindlin-1 protein
was heterogeneously expressed in the cytoplasm and membrane
of pancreatic cancer cells, while normal ductal epithelial cells
and stromal cells showed no expression. In vitro experiments
involving knockdown of kindlin-1 in AsPC-1 and KP-2 cells
revealed that the migratory and invasive abilities of the cells
were significantly decreased (P<0.001), while the proliferation
abilities were not affected. The present findings suggest that
kindlin-1 expression is involved in the progression of pancreatic
cancer via enhancement of cell migration and invasion.
Introduction
Pancreatic cancer is one of the most highly aggressive malignancies in the world. Data from the GLOBOCAN series in 2008,
estimated 277,000 new cases and 266,000 deaths worldwide (1).
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Despite developments in diagnosis and treatment, the prognosis
of pancreatic cancer remains poor. Only 10-20% of pancreatic
cancer patients undergo potentially curative resection with a
median survival of 17-23 months (2). Furthermore, pancreatic
cancer responds poorly to most chemotherapeutic agents and
radiation, resulting in little prolongation of the survival time in
individual groups. The overall 5-year survival rate is 5%, and
more than 50% of patients are at an advanced stage at the time
of diagnosis (3). This indicates that there is a great need for novel
modalities to assist in diagnostic and therapeutic strategies for
management of pancreatic cancer patients.
Kindlin-1 is a novel focal adhesion protein that belongs to
the kindlin protein family, and is also known as fermitin family
member 1 (FERMT1). The kindlin proteins are composed of a
four-point-one, ezrin, radixin, moesin (FERM) domain interrupted by a pleckstrin homology (PH) domain. Kindlin-1 was
discovered as a mutated gene related to Kindler's syndrome, an
inherited skin disease characterized by skin blistering, atrophy,
photosensitivity and generalized poikiloderma (4,5). Kindlin-1
is primarily found in epithelial cells such as keratinocytes and
intestinal epithelial cells (4,6,7), while kindlin-2 is expressed
ubiquitously and kindlin-3 is exclusively detected in hematopoietic cells (8).
Integrins are key molecules for establishing cell-extracellular
matrix (ECM) adhesion, and are involved in the mechanism of
cancer progression (9). Several recent publications have indicated
the importance of kindlins for integrin regulation and cytoskeletal reorganization (10-13). To initiate intracellular signaling
(‘inside-out’ signaling), kindlin directly binds to β integrin tails,
leading to integrin activation and triggering increased adhesiveness in the extracellular domain (14). Likewise, in ‘outside-in’
signaling, kindlin-1 interacts with focal adhesion proteins such
as migfilin and FAK, and these interactions link integrins and
signaling for reorganization of the actin cytoskeleton (15,16).
Therefore, kindlin-1 may play a crucial role in cancer progression via this signaling pathway. Currently, kindlin-1 expression
has been reported in colorectal, lung (17) and breast (18) cancers
with enhanced cell adhesion, proliferation and motility. However,
there have been no reports on the expression of kindlin-1 in
pancreatic cancer.
The aims of this study were to evaluate whether kindlin-1 is
expressed in pancreatic cancer cells and to determine its biomo-
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lecular functions. We evaluated Kindlin-1 mRNA expression in
pancreatic cancer cell lines, a normal ductal epithelial cell line
and cancer-associated fibroblasts using quantitative RT-PCR. We
then investigated the molecular functions of kindlin-1, such as its
effects on cell proliferation, migration and invasion, in in vitro
experiments using pancreatic cancer cell lines.
Materials and methods
Cells and culture conditions. The following 13 pancreatic
cancer cell lines were used: AsPC-1, KP-2, KP-3, Panc-1, SUIT-2
(Dr H. Iguchi, National Shikoku Cancer Center, Matsuyama,
Japan), MIA PaCa-2 (Japanese Cancer Resource Bank, Tokyo,
Japan), Capan-1, Capan-2, CFPAC-1, H48N, Hs766T, SW 1990
(American Type Culture Collection, Manassas, VA, USA) and
NOR-P1 (established by Dr N. Sato in our laboratory). Primary
cultures of human normal pancreatic epithelial cells were
obtained from Cell Systems (Kirkland, WA, USA) and maintained in Cell Systems Corporation (CS-C) medium containing
10% fetal bovine serum (FBS), according to the supplier's
instructions. In addition, primary cultures of cancer‑associated
fibroblasts (CAF) derived from five patients with invasive
pancreatic cancers were established in our laboratory and
used in this study. All cells were maintained as previously
described (19).
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Japan) was used for immunohistochemical labeling. The
sections were incubated with a rabbit polyclonal anti-kindlin-1
antibody (Millipore, Billerica, CA, USA; 1:100 dilution)
overnight at 4˚C. The sections were then incubated with a
biotinylated anti-rabbit immunoglobulin solution for 20 min
followed by a 20-min incubation with peroxidase-labeled
streptavidin. The reaction products were visualized using
3,3'-diaminobenzidine as a chromogen, and the nuclei were
counterstained with hematoxylin. The study was approved by
the Ethics Committee of Kyushu University and conducted
according to the Ethical Guidelines for Human Genome/Gene
Research enacted by the Japanese Government and the
Helsinki Declaration.
Silencing of kindlin-1 using small interfering RNAs (siRNAs).
AsPC-1 and KP-2 cells were transfected with kindlin-1 I (sense,
5'-cauguagauucuggacuaatt-3'; antisense, 5'-uuaguccagaaucuaca
ugtt-3') and kindlin-1 II (sense, 5'-gagaugugaccaugagaautt‑3';
antisense, 5'-auucucauggucacaucuctt-3') siRNAs (Sigma
Genosys) by electroporation using a Nucleofector system (Amaxa
Biosystems, Koln, Germany) according to the manufacturer's
instructions. To verify the specificity of the knockdown effects,
we used a control siRNA (Qiagen). All cells were used in the
subsequent experiments at 24-96 h after transfection.

RNA isolation and qRT-PCR. Total‑RNA was extracted from
cultured cells using a High Pure RNA Isolation Kit (Roche
Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. The RNA concentrations were measured
using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA) at 260 and 280 nm
(A260/280). qRT-PCR was performed using a Chromo4
real‑time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA) for 40 cycles of 15 sec at 95˚C and 1 min at
55˚C with a QuantiTect SYBR‑Green Reverse Transcription-PCR
Kit (Qiagen, Tokyo, Japan) according to the manufacturer's
instructions. We designed specific primer sequences as follows:
FERMT1 (forward primer, 5'-ttgggattcaggaagacagg-3'; reverse
primer, 5'-ccctgaccagttgggataga-3'), β-actin (forward primer,
5'-tgagcgcggctacagctt-3'; reverse primer, 5'-tccttaatgtcacgcac
gattt-3') and 18S rRNA (forward 5'-gtaacccgttgaaccccatt-3';
reverse 5'-ccatccaatcggtagtagcg-3'. We performed BLAST
searches to ensure the specificity of these primers. All primers
were purchased from Sigma Genosys (Tokyo, Japan). The
expression of each mRNA was calculated from a standard curve
constructed with total‑RNA from SUIT-2 cells and normalized
by the expression of β-actin or 18S rRNA.

Matrigel invasion and migration assays. The invasive ability
of pancreatic cancer cells was measured by the number of cells
invading Matrigel-coated transwell chambers. Briefly, 1x105
KP-2 or AsPC-1 cells were suspended in 250 µl of Dulbecco's
modified Eagle's medium containing 10% FBS and placed
in the upper transwell chamber (8 µm pore size; Becton
Dickinson, Franklin Lakes, NJ, USA) containing 100 µl of
reconstituted Matrigel-coated membrane (20 µg/well). The
upper chamber was placed in a 24-well culture plate containing
750 µl of the above-described medium. After incubation for 48
or 72 h at 37˚C, the numbers of invaded KP-2 and AsPC-1 cells
were counted, respectively.
Cell migration assay was performed in pancreatic cancer
cells under the same protocol as well as the invasion assay
without using Martigrel-coated membrane. Cells were allowed
to migrated and counted for 36 (KP-2) or 72 h (AsPC-1) after
cell seeding into the upper chamber. In both assays and at each
time point, the cells that migrated and invaded to the bottom
side of the inserted chamber were fixed with 70% ethanol,
stained with hematoxylin and eosin, and counted in 10 random
fields at x200 magnification under a light microscope. Each
experiment was performed in triplicate and repeated at least
three times.

Immunohistochemistry for human pancreatic cancer tissues.
Pancreatic cancer tissues were obtained from patients who
underwent pancreatic resection for pancreatic cancer at our
institution. We also obtained normal pancreatic tissue samples
from intact pancreas resected for bile duct cancer as control
tissues. Serial 3 µm sections were prepared from the selected
paraffin blocks, deparaffinized in xylene and rehydrated in
ethanol. Endogenous peroxidase was blocked by incubation
in 3% hydrogen peroxide in methanol for 30 min. Antigen
retrieval was achieved by heating in a microwave in citrate
buffer at pH 6.0. A Histofine SAB-PO Kit (Nichirei, Tokyo,

Propidium iodide (PI) assay. The proliferative phenotype of
pancreatic cancer cell lines was evaluated by PI assay. Cell
numbers were counted by measuring the fluorescence intensity
of PI at specified times, as described previously (20). Briefly,
pancreatic cancer cells were seeded in 24-well plates (Becton
Dickinson Labware, Bedford, MA, USA) at 1x104 cells/well.
After 24, 48, 72 or 96 h, PI (30 µM) and digitonin (600 µM)
were added to each well to ensure that all nuclei were labeled
with PI. The fluorescence intensities corresponding to the
total cells were measured using a microplate reader (Tecan,
Männedorf, Switzerland).
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Figure 1. The levels of Kindlin-1 mRNA expression in pancreatic cancer cell lines, human normal pancreatic epithelial cells and cancer-associated fibroblasts were
analyzed by qRT-PCR and normalized by the levels of 18S rRNA expression. The relative expression levels of Kindlin-1 mRNA in the cancer cell lines are higher
than those in normal epithelial cells (NP) and fibroblast cells (CAFs).

Western blotting analysis. All cells were lysed in PRO-PREP™
(iNtRON Biotechnology, Seongnam, Korea). The cell lysates
were fractionated in a Mini-Protean® TGM™ precast gel
(Bio-Rad Laboratories) and transferred to a Trans-Blot ®
Turbo™ Mini PVDF membrane (Bio-Rad Laboratories) using
a Trans-Blot Turbo transfer system (Bio-Rad Laboratories). The
membrane was incubated overnight at 4˚C with a rabbit polyclonal anti-kindlin-1 antibody (ab68041; Abcam, Cambridge,
MA, USA; 1:1,000 dilution) and then incubated with a horseradish peroxidase-conjugated anti-rabbit IgG antibody (Cell
Signaling, Danvers, MA, USA; 1:5,000 dilution) for 1 h at room
temperature. The bound antibodies were detected using an
Amersham™ ECL™ Prime Western blotting detection reagent
(Amersham Biosciences, Little Chalfont, UK) and visualized
with a Molecular Imager (Chemi-Doc XRS System; Bio-Rad
Laboratories). The membranes were stripped and probed with
an anti-β -actin antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA; 1:1,000 dilution) as an internal control.
Statistical analysis. Statistical analyses and graph presentations
were carried out using JMP 8 software (SAS Institute, Cary, NC,
USA). Values were expressed as the mean ± SD. Comparisons
between two groups were performed using Student's t-test.
Statistical significance was defined as P<0.05.
Results
Kindlin-1 mRNA is highly expressed in pancreatic cancer cell
lines compared with normal pancreatic duct cells and fibroblasts. We measured the expression levels of Kindlin-1 mRNA
in pancreatic cancer cell lines, human normal pancreatic epithelial cells and primary cultures of cancer-associated fibroblasts

by qRT-PCR. There was a wide range of relative Kindlin-1
mRNA expression levels among the pancreatic cancer cell lines,
whereas Kindlin-1 mRNA was expressed at very low levels in
cancer-associated fibroblasts and normal pancreatic epithelial
cells (Fig. 1).
Kindlin-1 is exclusively expressed in pancreatic cancer cells.
To elucidate the expression of kindlin-1 in pancreatic tissues,
we examined kindlin-1 expression in human samples including
pancreatic ductal adenocarcinoma (PDAC) and normal pancreatic tissues adjacent to resected bile duct cancers. Kindlin-1 was
exclusively expressed in PDAC, while normal ductal epithelial
cells and stromal cells showed no expression (Fig. 2).
Efficacy of siRNAs targeting Kindlin-1. We used AsPC-1 and
KP-2 cells, which showed high Kindlin-1 mRNA expression
levels, to investigate the biomolecular functions of kindlin-1
in pancreatic cancer cell lines. We inhibited the expression of
kindlin-1 using two different siRNAs. At 24 h (day 1) after
transfection with the control siRNA or kindlin-1 siRNAs, the
pancreatic cancer cells transfected with the kindlin-1 siRNAs
showed lower levels of Kindlin-1 mRNA expression than those
transfected with the control siRNA (Fig. 3). Consistently,
immunoblot analyses revealed that kindlin-1 protein was also
decreased in kindlin-1-knockdown cells at 48 h after transfection, suggesting good efficacy of both siRNAs for use in the
following experiments.
Kindlin-1 has no impact on the proliferation of pancreatic
cancer cells. AsPC-1 and KP-2 cells were transfected with the
kindlin-1 siRNAs and cultured for 24 h. The transfected cells
were then resuspended and seeded in 24-well plates to inves-
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Figure 2. Immunohistochemical analysis of kindlin-1 in human PDAC specimens. (A) Normal pancreas specimens show no kindlin-1 expression in pancreatic ductal
epithelial cells and the surrounding stroma. (B-D) In PDAC tissues, immunopositive cells are detected in pancreatic ductal adenocarcinoma cells in various tumor
grades, comprising (B) well differentiated, (C) well to moderately differentiated and (D) poorly differentiated tumors. Original magnifications, (A) x40; (B-D) x200.

Figure 3. Efficacy of kindlin-1 siRNAs. (A) Transfection of AsPC-1 and KP-2 cells with kindlin-1 siRNA I and kindlin-1 siRNA II leads to reductions in the relative
Kindlin-1 mRNA expression levels at 24 h. (B) The kindlin-1 protein levels are also decreased at 48 h after knockdown with the two different siRNAs in AsPC-1
and KP-2 cells.

tigate the effects of kindlin-1 on proliferation. Increasing cell
numbers were observed and counted on the indicated days, and
the growth rates of the kindlin-1-deficient cells were similar

to those of cells transfected with the control siRNA (Fig. 4).
These findings suggested that kindlin-1 had no effect on the
proliferation of pancreatic cancer cells.
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Figure 4. Knockdown of kindlin-1 has no effect on the proliferation of pancreatic cancer cell lines. (A and B) Pancreatic cancer cell lines were transfected with
the two different siRNA against kindlin-1 or a control siRNA for 24 h. The proliferative effect of the siRNA-transfected cells was assessed by PI assay every 24 h
for 4 days on (A) AsPC-1 cells and (B) KP-2 cells. No effects on the proliferation of the pancreatic cancer cell lines are observed after knockdown of kindlin-1.

Figure 5. Knockdown of kindlin-1 reduces the migration of cancer cells. (A and B) Pancreatic cancer cell lines were transfected with two different siRNAs against
kindlin-1 or a control siRNA for 24 h. The migratory ability of the siRNA-transfected cells was assessed by migration assays after (A) 72 h for AsPC-1 cells and
(B) 36 h for KP-2 cells. The numbers of migrated cells are shown in the upper panels as means ± SD (*P<0.001) and representative photomicrographs of migration
assays are shown in the lower panels (x40 magnification).

Inhibition of kindlin-1 expression decreases the abilities for
migration and invasion in pancreatic cancer cells. Next, we
investigated the effects of inhibition of kindlin-1 expression on
the migratory and invasive abilities of pancreatic cancer cells
using a double-chamber assay. After inhibition of kindlin-1
expression, the migratory abilities of AsPC-1 and KP-2 cells
were reduced to 60-70% (P<0.001; Fig. 5) and their invasive
abilities were reduced to 30-50% (P<0.001; Fig. 6). These findings indicate that kindlin-1 expression is involved in both the
migration and invasion of pancreatic cancer cells and that its
impact is greater on invasion than on migration.

Discussion
This report describes a novel study on kindlin-1 expression
and its biomolecular functions in pancreatic cancer. There
are a few publications regarding kindlin-1 expression and its
relationships with carcinomas. In 2003, Weinstein et al (17)
first found that Kindlin-1 mRNA was overexpressed in 70% of
colon carcinoma tissues and 60% of lung carcinoma tissues by
qRT-PCR. Papachristou et al (21) further reported the expression
of kindlin-1 in leiomyoma and leiomyosarcoma of soft tissue.
They found that kindlin-1 immunoreactivity was exclusively
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Figure 6. Knockdown of kindlin-1 reduces the invasion of cancer cells. (A and B) Pancreatic cancer cell lines were transfected with the two different siRNA against
kindlin-1 or a control siRNA for 24 h. The invasiveness of the siRNA-transfected cells was assessed by Matrigel invasion assays after (A) 72 h for AsPC-1 cells and
(B) 48 h for KP-2 cells. The numbers of invaded cells are shown in the upper panels as means ± SD (*P<0.001) and representative photomicrographs of invasion
assays are shown in the lower panels (x40 magnification).

detected in the cytoplasm of tumor cells, although there were
no significant differences between high-grade and low-grade
neoplasms and no clinicopathological correlation between
kindlin-1 expression and leiomyosarcoma. In breast cancer, both
mRNA and protein levels of kindlin-1 have been detected (18).
Immunohistochemical analyses further demonstrated strong
immunoreactivity in the primary tumors and lung metastases,
but not in the adjacent parenchyma or non-lung metastasis sites,
suggesting that kindlin-1 is potentially a clinically relevant
mediator of lung metastasis of breast cancer and possibly other
carcinomas metastasizing to the lung (18). In our study, we found
that Kindlin-1 mRNA was highly expressed in various pancreatic cancer cells compared with normal pancreatic epithelial
cells and cancer-associated fibroblasts. In addition, immunohistochemical analyses of PDAC and normal pancreatic tissues
revealed that kindlin-1 was exclusively expressed in PDAC cells,
with no immunoreactivities detected in normal duct cells and
stromal cells in pancreatic tissues. Consistent with the previous
reports, the present data suggest that expression of kindlin-1 is a
promising biomarker for carcinogenesis or progression of PDAC,
although investigations of large study groups are required to
clarify the clinical implications of kindlin-1.
It is now accepted that the binding between β-tail integrin
and kindlins, in concert with talin, is essential for integrin regulation (10,22,23). In particular, the cytoplasmic tail of β1 integrin
was shown to be the most important region for kindlin-1 in
keratinocytes and intestinal epithelial cells (6,11). Arao et al
(24) demonstrated that pancreatic cancer cell lines exhibited
high expression of β1 integrin, and further showed that the level
of constitutive activity of β1 integrins was correlated with the
invasive ability of pancreatic cancer cell lines. In our study,
kindlin-1 expression had effects on both pancreatic cancer cell
invasion and migration, but a stronger effect was observed on

the invasive ability. However, kindlin-1 had no effect on pancreatic cancer cell proliferation. Although the mechanism remains
unclear, these findings may be caused by binding of kindlin-1
to β1 integrins, thereby conferring a strong invasive property
on the pancreatic cancer cells. However, the partner ligands that
bind to kindlin-1, such as talin, may play some hidden roles in
the effects on pancreatic cancer cells. Further investigations are
needed to elucidate these issues.
It is possible that kindlin-1 may affect pancreatic cancer
cell invasion and migration via the TGF-β signaling pathway
and/or epithelial-mesenchymal transition (EMT), which is the
process allowing physiologic and genetic changes of cancer cells
from an epithelial phenotype to a mesenchymal phenotype and
considered to be an important step in cancer progression and
metastasis (25,26). Kloeker et al (7) demonstrated that kindlin-1
expression in human mammary epithelial cell was increased in
the presence of TGF-β and might also act as a downstream mediator of TGF-β-initiating EMT. Subsequent data in breast cancer
tissues revealed that kindlin-1-expressing cells showed increased
cell invasion, migration, clonogenicity and proliferation (18).
The study also found that kindlin-1 initiates TGF-β-dependent
EMT (18). Many studies have clearly shown the role of TGF-β
signaling and EMT in tumor initiation, progression and metastasis, including pancreatic cancer (27,28). Taken together with
our data of in vitro experiments, the decrease in cell invasion
and migration after kindlin-1 knockdown in pancreatic cancer
cells may involve the TGF-β signaling pathway and/or EMT.
Elucidation of whether kindlin-1 expression contributes to
EMT in pancreatic cancer and other signaling pathways would
be beneficial for the development of diagnostic and therapeutic
interventions for this disease.
In conclusion, this study provides the first evidence of
kindlin-1 expression in pancreatic cancer. Kindlin-1-deficient
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cells showed reduced invasion and migration, but not proliferation. These findings suggest that kindlin-1 is required for
pancreatic cancer cell invasion and migration. Further investigations to determine the biomolecular functions of kindlin-1
and its role in pancreatic cancer using both in vivo and clinical
studies are required.
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