
Abstract. The protease ADAM10 influences progression and
metastasis of cancer cells and is overexpressed in various
malignancies. Therefore, the aim of our study was to evaluate
the expression and potential function of ADAM10 in the
pathophysiology of pancreatic cancer (PDAC). ADAM10
expression in normal pancreatic (NP), chronic pancreatitis
(CP), PDAC tissues, as well as PDAC cell lines was
determined. To evaluate whether rhADAM10 or ADAM10
silencing influences cancer cell viability, MTT assay was used.
Matrigel invasion and wound healing assays were performed
to observe influence on invasion and migration. ADAM10
mRNA was expressed in all samples of NP, CP and PDAC
tissue and cell lines. Western blotting and immunohisto-
chemistry revealed stronger ADAM10 expression in PDAC
than in NP. ADAM10 silencing or rhADAM10 had no effect
on cell viability. ADAM10 silencing markedly reduced
invasiveness and migration of cancer cells. These findings
establish ADAM10 as a contributing factor in PDAC invasion
and metastasis.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading
cause of cancer death with an incidence that equals almost its
prevalence (1). Aggressive growth behavior, high rate of
invasiveness, early metastasis, and resistance to radiation and
chemotherapy are factors determining the dismal prognosis of
this disease, with an overall 5-year survival rate of <5% (1).

Recently, it has been described that the family of A
disintegrin and metalloprotease (ADAMs) can influence the

invasiveness and tumor cell dissemination of PDAC (2,3).
ADAMs belong to the Type I transmembrane glycoproteins
containing metalloproteinase and disintegrin domains (4).
They play pivotal roles in cell adhesion and function via
fusion with the disintegrin domain, intracellular signaling
through the cytoplasmatic domain and in proteolysis of
membrane proteins, also defined as ectodomain shedding (5-7).

ADAMs possess the ability to regulate a variety of
physiological functions for example in the fertilization process
(8,9), myogenesis (10), adipogenesis (11,12), and neurogenesis
(13). They are involved in disease processes, via their protease
activity, such as inflammation, asthma, dementia and cancer
(14-16). ADAM10 was originally isolated as a myelin basic
protein-degrading enzyme from bovine brain encoding a
protein of 748 amino acids (17) with a molecular weight of
~100 kDa as unprocessed proform and ~60 kDa as mature,
enzymatic active form (18). Substrates shedded by ADAM10
comprise cytokines such as TNF-· (19,20), CX3CL1 (21,22)
and CXCL16 (22-24), as well as the adhesion molecules
L1-CAM (25), N-cadherin (26), and E-cadherin (27). As
described for various members of the ADAM family (16),
ADAM10 has been reported to be overexpressed in human
malignancies, e.g. oral squamous cell carcinoma where it
appears to promote growth (28). Furthermore, McCulloch et al
showed the expression of ADAM10 and its regulation by
dihydrotestosterone, insulin-like growth factor I, and EGF in
prostate cancer (18). 

An enhancement of tumor cell dissemination in ovarian and
uterine carcinomas (29) as well as an increased invasiveness
of colon carcinoma (30) mediated by ADAM10 has been
described in previous studies. The loss of the cell adhesion
molecule E-cadherin, a main substrate of ADAM10, was
shown to promote invasiveness of tumors (31-33). Recently,
the expression of four members of the ADAM family,
ADAM8 (3), ADAM9 (34), ADAM15 (35), and ADAM17
(2), has been evaluated in PDAC. The fact that low ADAM8
expression correlates with longer median survival of patients
suffering from PDAC implicates a high biological value of
ADAMs in pancreatic cancer pathogenesis (3). The role of
ADAM10 in pancreatic disease remains unknown. Therefore,
the aim of our study was to evaluate the expression and
potential function of ADAM10 in the pathophysiology of
PDAC, focused on the ability to promote pancreatic cancer
cell invasion and migration.
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Materials and methods

Tissue collection in patients with pancreatic carcinoma.
Tissue samples of PDAC or CP were obtained upon informed
consent from patients undergoing pancreatic resection at the
Department of Surgery, University of Heidelberg, Germany.
Pancreatic tissues from healthy donors were collected through
an organ donor program when there was no suitable recipient.
The histological diagnosis of all samples was evaluated by an
experienced pathologist.

For immunohistochemical procedures freshly removed
tissue samples were fixed in 4% formaldehyde solution for
24 h and embedded in paraffin. In addition, samples were
frozen in liquid nitrogen immediately after surgical removal
and maintained at -80˚C until use or preserved in RNAlater
(Ambion Europe, Huntington, UK). The ethics committee of
the University of Heidelberg approved experiments with the
collected samples.

Immunohistochemistry. Immunohistochemical staining was
performed on 3 μm thick paraffin-embedded tissue sections
from PDAC (n=15), CP (n=7) and healthy donors (n=5).
After deparaffinization in xylene and rehydration in graded
alcohols, antigen retrieval by microwave treatment for 15 min
in citrate buffer (pH 6.0) was performed. Endogenous
peroxidase activity was blocked with 0.3% hydrogen
peroxidase for 10 min. Then, sections were incubated for
30 min at room temperature (RT) with normal goat serum
prior to overnight incubation at 4˚C with a polyclonal rabbit
anti-human-ADAM10 (1:200) antibody (Chemicon,
Schwalbach, Germany). For negative control, ADAM10
primary antibody was pre-absorbed with a purified blocking
peptide (Chemicon) to exclude nonspecific binding. The
following day, after washing 3 times with TBS/0.1% BSA-
0.5% Tween-20, slides were incubated with a goat anti-rabbit
antibody solution (Dako Cytomation, Hamburg, Germany)
for 45 min at RT. For visualization antibody-binding DAB+
Chromogen (Dako Cytomation) was used according to the
manufacturer's protocol. Sections were counterstained with
Mayer's hemalaun, rehydrated with graded ethanol, mounted,
and analyzed by standard light microscopy. For semi-
quantitative analyses slides were scored by two observers
independently. First ADAM10 staining pattern of different
structures was analyzed and subsequently its intensity was
categorized as focal, diffuse or negative. 

Cell lines and culture conditions. The human PDAC cell lines
ASPC-1, BxPc-3, Capan-1, MiaPaCa-2 and Su8686 were
purchased from American Type Culture Collection (ATCC,
Rockville, MD, USA); COLO-357 and T3M4 were a gift from
R. Metzgar (Duke University, Durham, NC, USA). All cell
lines were cultured in RPMI-1640 medium containing 10%
fetal bovine serum (FBS), penicillin (100 U/ml) and strepto-
mycin (100 μg/ml) (Invitrogen, Karlsruhe, Germany). Cells
were incubated at 37˚C in humidified air with 5% CO2.

Quantitative real-time polymerase chain reaction (qRT-PCR)
analysis. mRNA and cDNA preparation kits were purchased
from Roche Applied Sciences (Mannheim, Germany). For
mRNA preparation, we used the automated MagNA Pure LC

instrument and corresponding isolation kit I (for cells) and kit II
(for tissue samples). Primers were obtained from Search-LC
(Heidelberg, Germany). cDNA for RT-PCR was prepared by
using a first strand cDNA Synthesis kit. Subsequently,
RT-PCR was performed with the LightCycler-FastStart DNA
SYBR Green kit. Cyclophilin-B (CPB) was used as a house-
keeping gene to normalize the expression of specific ADAM10
transcripts and presented as adjusted copies/10 k copies CPB,
as previously described (36).

Western blotting. Total protein was isolated from tissues and
cell lines (ASPC-1, BxPc-3, Capan-1, COLO-357, MiaPaCa-2,
Su-8686, Jurkat) and ADAM10 siRNA transfected cells
(ASPC-1, COLO-357). Protein concentration was measured
using the micro-BCA protein assay (Perbio, Bonn, Germany).
Proteins (25 μg) were denatured with NuPAGE 4x LDS
Sample Buffer (Invitrogen) and NuPAGE Sample Reducing
Agent (10x) (Invitrogen) at 70˚C for 10 min. Protein lysates
of Jurkat cells served as positive control for the ADAM10
antibody and ZR-75-1 cell lysate (Santa Cruz, Heidelberg,
Germany) for E-cadherin antibodies. Tissue and cellular
protein lysates were separated by electrophoresis in 10-12%
Bis-Tris-gels (Invitrogen), transferred to nitrocellulose
membranes and blocked for 1 h at RT with 5% non-fat dry
milk in TTBS (20 mM Tris-HCl, 150 mM NaCl, and 0.1%
Tween-20; 5% M-TTBS). The membranes were incubated
with primary antibodies, rabbit anti-human-ADAM10 (1:600)
(Chemicon), monoclonal mouse anti-human E-cadherin
(C-Terminus, BD Biosciences, Heidelberg, Germany; 1:1,000),
and polyclonal rabbit anti-human E-cadherin (N-Terminus,
Santa Cruz; 1:1,000) diluted in 5% M-TTBS at 4˚C overnight.
Membranes were washed with TTBS and blocked for 1 h at
RT with 5% M-TTBS. After blocking, membranes were
exposed to the secondary antibody HRP-conjugated anti-
rabbit (Amersham Life Science, Amersham, UK) or HRP-
conjugated anti-mouse (Santa Cruz, Biotechnologies, Santa
Cruz, CA, USA) in a dilution of 1:2,500 in 5% M-TTBS for
1 h at RT. Signals were detected using an enhanced chemo-
luminescence reaction kit (ECL Western blotting detection
(Amersham). To assess the equivalence of sample loading
Simply Blue Safe Stain (Invitrogen) was used.

Cell proliferation assay using the 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) dye method.
ASPC-1 and COLO-357 cells were seeded into a 96-well tissue
culture plate at an initial number of 5x103 cells/well in 100 μl
of complete medium. Cells were allowed to attach overnight.
The next day, 100 μl RPMI, containing different concentrations
of enzymatic active rhADAM10 with final concentrations of
5, 10, 50 and 100 ng/ml or control were added.

After an incubation time of 48 or 72 h, MTT was added to
a final concentration of 0.5 mg/ml and incubated at 37˚C and
5% CO2 for 4 h. Then supernatants were aspirated, plates were
dried at RT for 3 h and finally 100 μl of acidic isopropanol
was added to each well. The optical density (OD) was
measured at 570 nm to compare treatment and control groups.
All experiments were done at least thrice in triplicates.

siRNA transfection for silencing ADAM10. ASPC-1 and
COLO-357 cells were grown to 50-70% confluence in a
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6-well plate before they were transfected with two different
specific ADAM10 siRNAs, siRNA1 (Ambion Applied
Biosystems, Darmstadt, Germany) and siRNA2 (Qiagen,
Hilden Germany). Non-targeting scrambled siRNA (negative
control siRNA, Qiagen) served as negative control. Cells
were transfected using 15 μl of transfection reagent (RNAifect
Transfection Reagent, Qiagen) according to the manufacturer's
instructions.

The sequences were, siRNA1 sense GGAUAACAGAGA
AUGGUGGtt, siRNA1 antisense CCACCAUUCUCUGUU
AUCCtg; siRNA2 sense CAAACUUCACAGACUGUAAtt;
siRNA2 antisense UUACAGUCUGUGAAGUUUGgt;
control siRNA sense UUCUCCGAACGUGUCACGUtt,
control siRNA antisense ACGUGACACGUUCGGAGAAtt.
The siRNA and the transfection reagent were preincubated in
ECR-buffer (Qiagen) (100 μl containing 5 μg ADAM10
siRNA and 5 μg control siRNA) at RT for 15 min, before the
mixture was added to each well. After 24 h, medium was
replaced by serum-free medium and cells were incubated for
another 24 h at 37˚C and 5% CO2. Subsequently, efficiency
of mRNA knockdown was measured 48 h after transfection
by qRT-PCR and at the protein level by Western blotting. 

Invasion assay. In vitro invasiveness of the ADAM10-siRNA
transfected cell lines ASPC-1 and COLO-357 was determined
by using Biocoat Matrigel Invasion Chambers (BD
Biosciences, Heidelberg, Germany), consisting of a 24-well
plate and Matrigel-precoated cell culture inserts with an 8-μm
pore size. Mock-transfected cells served as control. First, the
Matrigel membrane was rehydrated with 500 μl of serum-
free RPMI-medium by incubating the plate at 37˚C and 5%
CO2 for 2 h. Then, 500 μl of each cell suspension ASPC-1
(1.5x105 cells/ml) and COLO-357 (3x105 cells/ml) in RPMI-
medium containing 1% FCS was seeded onto the upper
surface of the cell culture inserts. RPMI-medium containing
10% FCS was added into the lower chamber. The assay was
incubated at 37˚C in a 5% CO2 humidified atmosphere for
48 h. After incubation, non-invading cells were removed
completely from the membrane by using a cotton-tipped swab.
The membranes were fixed in ice-cold methanol for 20 min
and invading cells were stained with 1% toluidine blue
(Sigma-Aldrich, Taufkirchen, Germany). Invading cells that
adhered to the lower surface of the insert were quantified by
a light microscope counting the complete membrane cutout
(membrane surface area 0.3 cm2). The assay was performed
in duplicate and repeated three times.

In vitro wound healing. ASPC-1 and COLO-357 cells were
seeded in 6-well plates, transfected with scrambled siRNA or
specific ADAM10 siRNA and cultured until they reached
confluence. A cell-free area was introduced by scraping the
monolayer with a pipette tip (20 μl, Sarstedt, Nümbrecht,
Germany). Cells were washed with PBS and 2 ml medium
containing 1% FCS was added. To monitor wound closure,
cells were photographed at baseline and at defined time
periods under standard culture conditions, respectively (Leica
DFC300 FX, Wetzlar, Germany). To quantify the results,
pictures were analyzed by an Image Analysis System (Zeiss
Axiovision Release 4.2, Jena, Germany). Relative migratory
activity was determined by calculating cell-free areas.

Statistical analysis. Statistical analysis was performed by
using Prism4 software (GraphPad, San Diego, CA). The
Mann-Whitney U test or analysis of variance, followed by
Dunnett's multiple comparison tests were performed where
appropriate. Significance was defined as p<0.05.

Results

Expression of ADAM10 in pancreatic cancer cell lines and
pancreatic tissue samples. To analyze ADAM10 tissue
expression at the protein level immunoblot analysis was carried
out. In 6 of 7 tested cell lines the ~100-kDa proform of
ADAM10 and in 3 of 7 cell lines the ~60-kDa active, processed
form was detectable on a protein level. Overall, there was a
heterogeneous expression of ADAM10 in the tested cell lines
e.g. ASPC-1 cells showed only weak expression of ADAM10,
while COLO-357 cells revealed a very strong expression
(Fig. 1A). QRT-PCR was performed to evaluate the expression
of ADAM10 mRNA in pancreatic cancer cell lines (n=7).
ADAM10 mRNA was detected in all PDAC cell lines with
markedly high ADAM10 copy numbers varying between
4,368±30 copies ASPC-1 and 1,397±223 copies/10 k copies
CPB in COLO-357, respectively (Fig. 1B). 

We performed qRT-PCR to compare the in vivo expression
pattern of ADAM10 in normal and diseased pancreas using
RNA isolated from normal donor tissue (n=25), CP (n=55) and
PDAC (n=79). The analysis of tissue samples revealed that
the median of ADAM10 mRNA levels were not significantly
higher in PDAC with 268 copies compared to NP tissue with
275 copies, but significantly higher (P<0.01) compared to CP
with 164 copies/10 k copies CPB, respectively (Fig. 1C). At
the protein level, in contrast to the qRT-PCR data, ADAM10
was only weakly expressed in normal tissue as an ~60- and
~100-kDa protein. A stronger signal of ADAM10 protein
was detected in CP and PDAC compared to normal tissue,
without a distinct difference between PDAC and CP (Fig. 1D).
There was a difference in the expression of the proform and
mature form between cell lysates and tissue samples. In cell
lysates predominantly the proform was detectable whereas in
tissue samples a stronger expression of the active form was
observed. In addition to the ~60-kDa processed form and the
~100-kDa unprocessed form of ADAM10 an additional band
with a molecular weight of ~55 kDa was detected in tissue
samples but not in cell lysates. This band might represent a
splice variant or a degradated protein form of ADAM10 (37).
For determination of the exact localization of ADAM10 in
normal pancreatic tissue, CP and PDAC, immunohisto-
chemistry was carried out. Immunoreactivity revealed
differences between normal pancreatic tissue, CP and PDAC
(Fig. 1E). 

A semiquantitative analysis of the immunohistochemistry
results revealed the following results. In NP tissues (n=5),
exocrine cells and islets showed a weak, diffuse reactivity for
ADAM10; a focal expression of ADAM10 was observed in
normal ducts and vessels; positive immunoreactivity for
ADAM10 was also detected in nerves and stroma. In CP
specimens (n=7) ADAM10 exhibited intense immunostaining
particularly in tubular complexes, inflammatory cells showed
a focal reactivity for ADAM10. In all analyzed pancreatic
cancer tissues (n=15), tumor cells revealed a positive staining

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  26:  281-288,  2010 283

281-288.qxd  18/6/2010  08:29 Ì  ™ÂÏ›‰·283



for ADAM10 with staining mainly concentrated in the cyto-
plasm, but it was also recognizable in the nucleus. Nonspecific
binding of ADAM10 antibody was not detectable after
preincubation with the specific blocking peptide.

Effects of rhADAM10 and ADAM10-specific siRNA
transfection on cell growth. A crucial role of ADAMs is the
shedding of growth factors such as TGF-· and HB-EGF, and
this processing may alter signaling on the surfaces of cancer
cells and result in enhanced cell proliferation by activating

autocrine and paracrine mechanisms (38-41). ADAM10 also
contributes to cell proliferation by modulating ß-catenin
signaling through E-cadherin shedding and increasing
cyclin D1 levels (27,42). In human mesangial cells ADAM10
inhibition led to a strong reduction of cell proliferation (43).
To investigate the influence of ADAM10 on PDAC cell
viability, ASPC-1 and COLO-357 cells were incubated with
enzymatically active rhADAM10, followed by MTT assays.
No significant effects of rhADAM10 on cell viability in the
tested cell lines up to a concentration of 100 ng/ml rhADAM10
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Figure 1. Expression of ADAM10 in pancreatic cancer cell lines and pancreatic tissue samples. A. Expression of ADAM10 protein in pancreatic cancer cells,
6 of 7 tested cell lines displayed protein expression for ADAM10. Jurkat cells served as a positive control. B. Expression of ADAM10 mRNA in pancreatic cancer
(PDAC) cells. All tested cell lines displayed ADAM10 mRNA expression. C. Expression of ADAM10 mRNA in pancreatic tissues (qRT-PCR). ADAM10 mRNA
expression levels in normal pancreas NP) (n=25), chronic pancreatitis (CP) (n=55) and pancreatic cance (PDAC) tissue (n=79). D. Expression of ADAM10 in
pancreatic tissues. ADAM10 protein expression in NP (n=2), CP (n=2) and PDAC (n=7) tissue. Jurkat cells served as positive control. In contrast with the results
of the qRT-PCR, there was a trend toward upregulation of ADAM10 protein in CP as well as in PDAC compared to NP. E. Expression and localization of
ADAM10 in pancreatic tissues based on immunohistochemistry. Representative ADAM10 immunoreactions in NP, CP and PDAC are shown. The lack of
staining in consecutive negative control tissue sections is shown as inserts.
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after incubation for 48 and 72 h were detected (Fig. 2A and B).
On the other hand, a toxic effect of rhADAM10 was also not
recognized. Silencing of ADAM10 by specific siRNA trans-
fection, which decreased mRNA levels by 69.1% (siRNA1)

and 49.9% (siRNA2) in ASPC-1 cells and by 25.3% (siRNA1)
and 30.2% (siRNA2) in COLO-357 cells (see below) did not
significantly influence anchorage-dependent cell growth
either (Fig. 2C).
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Figure 2. Effects of rhADAM10 and ADAM10-specific siRNA transfection on cell growth. A-C. Effect of rhADAM10 and ADAM10 gene silencing by using
siRNA on PDAC cell growth. The indicated pancreatic cancer cell lines were treated with 5, 10, 50 and 100 ng/ml rhADAM10. A, B. MTT assays were
performed after incubation for 48 and 72 h, respectively. There was no significant effect of rhADAM10 on cell growth detectable. C. PDAC cells were
transfected with ADAM10 siRNA. MTT assays were performed after incubation for 48 h. Both siRNA oligonucleotides did not significantly influence cell
growth. Data are presented as mean ± SEM of three independent experiments.

Figure 3. Effects of ADAM10 on invasiveness and migration of PDAC cells. A. Effect of ADAM10 siRNA transfection on ADAM10 mRNA level in ASPC-1
and COLO-357 cells 48 h after transfection. B. Effect of ADAM10 siRNA transfection on protein level in ASPC-1 and COLO-357 cells 48 h after transfection.
Both siRNA oligonucleotides reduced ADAM10 mRNA transcripts and expression on protein level. Data are presented as mean ± SEM of three independent
experiments. C. Effect of ADAM10 gene silencing with ADAM10 siRNA on the invasiveness of ASPC-1 and COLO-357 cells as assayed by a standardized
Matrigel assay. Invasiveness was markedly reduced after ADAM10 siRNA transfection for 48 h. The membrane surface area was 0.3 cm2. *p<0.05, **p<0.01. D.
Migration of ASPC-1 and COLO-357 cells, assayed by an in vitro wound healing assay, was also markedly reduced after ADAM10 siRNA transfection. The
uncovered area (pixel2) 24 h after wounding was measured using an image analyzing system and the relative migratory activity was determined by normalizing to
the control. Data are presented as mean ± SEM of three independent experiments. *p<0.05, **p<0.01. E. One representative of three independent experiments is
shown. Photographs were taken from ASPC-1 cell lines at baseline and 24 h after transfection with scrambled (control) siRNA, siRNA1, and siRNA2, respectively.

281-288.qxd  18/6/2010  08:29 Ì  ™ÂÏ›‰·285



Effects of ADAM10 on invasiveness and migration of PDAC
cells. In vitro experiments adressing tumor invasiveness using
Matrigel or basement membrane proteins demonstrated that
invasiveness of tumor cells is decreased by metalloproteinase
inhibitors (44,45). ADAMs have the potential to regulate
both ECM remodeling and cell migration (46,47). Recently,
it was shown that ADAM8 silencing significantly reduced
pancreatic cancer cell invasion (3). ADAM10-mediated
release enhanced tumor cell dissemination by increasing cell
migration in ovarian and uterine carcinomas (29). 

ASPC-1 and COLO-357 were used for siRNA transfection
experiments. The 48 h after ADAM10 siRNA application,
effectiveness of the transfection was evaluated by qRT-PCR
and Western blot analysis. A significant reduction of ADAM10
expression at the mRNA level was observed in ASPC-1 and
COLO-357 cells using siRNA1 or siRNA2 (Fig. 3A). Western
blot analyses confirmed these results at the protein level
(Fig. 3B).

To examine the influence of ADAM10 on the invasiveness
of pancreatic cancer cell lines, standardized Matrigel invasion
assays were used. ASPC-1 and COLO-357 cells were
transfected with ADAM10 specific siRNA and non-targeting
scrambled siRNA for 48 h. Subsequently, invasion assays
were assessed. ADAM10 specific siRNA transfection clearly
reduced the invasiveness of pancreatic cancer cells as compared
to the control (Fig. 3C). In order to examine the effects of
ADAM10 on pancreatic cancer cell migration an in vitro
wound healing assay was performed. Migration of ASPC-1

and COLO-357 cells was markedly reduced after ADAM10
siRNA transfection compared to control. COLO-357 showed
only a limited overall migration capacity (Fig. 3D and E).

Effects of ADAM10 silencing on E-cadherin expression on
mRNA and protein. ADAM10 is the main sheddase of the
cell adhesion molecule E-cadherin in the human keratinocyte
cell line HaCaT (27). During the shedding process the full
length E-cadherin (120 kDa) is cleaved, generating a 38-kDa
C-terminal fragment (CTF1) which can be consecutively
processed to a 33-kDa CTF2 (27). We performed qRT-PCR
and Western blot analysis to evaluate effects of ADAM10
gene silencing on E-cadherin expression and processing in
ASPC-1 and COLO-357 cells. To exclude effects of ADAM10
silencing on E-cadherin mRNA expression, qRT-PCR was
performed. On an mRNA level no difference in E-cadherin
expression compared to controls was detectable after
ADAM10 silencing (Fig. 4A). Similar results were found at
the protein levels. No reduction of CTF1 or accumulations of
the full length protein (FL) after ADAM10 siRNA were
detectable (Fig. 4B).

Discussion

ADAMs are membrane-associated metalloproteinases with a
complex multidomain structure and various functions. They
have for example the potential to regulate the remodeling of
extracellular matrix proteins and to influence cell migration
(46,47). There are many examples for expression and
upregulation of proteolytic ADAMs in tumor tissues and
cancer cell lines (16,48). In pancreatic cancer, ADAMs, e.g.
ADAM8, ADAM9, ADAM15, and ADAM17 may be
upregulated and correlate to invasiveness and aggressiveness
of the tumor (2,3,35). 

The role of the ADAM family member ADAM10 in pan-
creatic cancer has not been determined. In the present study
analysis of ADAM10 mRNA levels in tissues showed no
relevant differences between NP, CP and PDAC. However,
ADAM10 in NP and CP showed a narrow range of mRNA
levels, whereas in PDAC a wider range of mRNA expression
levels was observed. The wide range in cancer tissues might
be explained by different expression patterns of the tumor cells
and further explained by the heterogeneous composition of
the microenvironment of PDAC tissues, e.g. infiltrating
immune cells or desmoplastic stroma. In contrast to these
results Ko et al demonstrated an overexpression of ADAM10
on an mRNA level in oral squamous cell carcinoma (28).
Additionally we detected in all analyzed PDAC cell lines
ADAM10 mRNA.

On the protein level in CP and PDAC ADAM10 was
strongly expressed in tubular complexes representing a
potential precancerous lesion in inflammatory altered pan-
creatic tissue as well as in cancer cells. Here it was mainly
localized in the cytoplasm, and in some cells additionally in
the nucleus, as evaluated by immunohistochemistry. In NP
tissue, ducts showed only focal immunoreactivity for ADAM10,
whereas moderate diffuse staining of acinar cells and islets
were observed. The results correlate with McCulloch et al for
prostate cancer in which tumor cells also demonstrated
nuclear and perinuclear immunoreactivity, respectively,
without membrane staining (18), supporting their hypothesis
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Figure 4. Effect of ADAM10 gene silencing on E-cadherin expression.
A. Effect of ADAM10 siRNA transfection on mRNA E-cadherin expression.
In ASPC-1 and COLO-357 cells no significant effect of ADAM10 silencing
on E-cadherin expression was detectable. Data are presented as mean ± SEM
of three independent experiments. B. Effect of ADAM10 siRNA on E-cadherin
protein levels. Expression on protein level was analyzed by Western blotting.
In ASPC-1 and COLO-357 cells. No significant effect of ADAM10 siRNA
transfection on CTF1 and FL E-cadherin expression was observable.
Interestingly, the CTF1 band appeared in COLO-357 cells after 48 h
whereas in ASPC-1 cells the band was only detectable after 72 h. 
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that ADAM10 is responsible not only for extracellular but
also for intracellular processes in tumor cells especially by
interacting with nuclear proteins or DNA. Immunoblotting
demonstrated an expression of the inactive proform (~100 kDa)
as well as of the active form (~60 kDa) of ADAM10.
Interestingly, in cell lines the inactive proform of ADAM10
was predominantly expressed whereas in tissue samples a
stronger expression of the active form was detectable. Besides
the heterogeneous composition of tissue samples, a possible
explanation for the predominance of the active form in tissues
might be an implementation of pathways induced in an
autocrine manner by the tumor cells themselves or by the
peritumoral microenvironment resulting in activation of
ADAM10 in PDAC cells. It has been reported that e.g. the
ADAM10 activator furin shows an increased expression in
breast (49), and ovarian cancer (50) and head and neck
squamous cell carcinoma (51). Concerning the discrepancy
between mRNA and protein expression of tested PDAC cell
lines, one may speculate about an effect of different mRNA
splice-variants or mRNA stability as well as post-
transcriptional modification or variable protein stability (52).
Pro-proliferative effects of ADAM10 by modulating ß-catenin
signaling through E-cadherin shedding and increasing gene
cyclin D1 levels have been described by Shtutman et al (42).
In contrast to these results we could not find a direct or
indirect effect of ADAM10 on cell proliferation of PDAC
cells after stimulation with rhADAM10 or after silencing with
siRNA transfection. Cell-cell and cell-matrix interactions
play a pivotal role in the process of tumor cell invasion and
dissemination. ADAMs are crucial factors in liberating
migration promoting molecules such as chemokines (23),
cytokines (20), and their receptors (53) and moreover in
interacting with cell adhesion molecules (30,54). ADAM10
was identified in recent studies as a major sheddase of
adhesion molecules such as E-cadherin (27) and CXCL16
(23) in its membrane-bound form. Wente et al have shown
that incubation of cancer cells with CXCL16 significantly
increased invasiveness of PDAC cells (55).

Furthermore, ADAM10 siRNA transfected PDAC cells,
liberating less soluble CXCL16, are responsible for a
significant decrease of the migration of neutrophil granulocytes
to the tumor (56). These findings corroborate the role of
ADAM10 as a main source of cytokine liberation supporting
tumor cell migration (14). Considering the fact of ADAM10
being a main sheddase of CXCL16 these findings suggest an
involvement of ADAM10 not only in PDAC cell invasion
but also in the interaction between tumor and immune cells.
To gain more information about the influence of ADAM10
on PDAC cell invasion an invasion assay was performed.
Indeed, ADAM10 silencing suppressed the invasiveness of
PDAC cells. Furthermore, ADAM10-mediated release is
reported to enhance tumor cell dissemination by increasing
migration of ovarian and uterine carcinoma cells (29). To
evaluate the role of ADAM10 in PDAC cell migration, we
tested ADAM10 siRNA transfected cells in a wound healing
assay. Migration in transfected cell lines was markedly reduced
compared to controls. The reduced migration might be a
result of less ADAM10-mediated shedding of cell adhesion
molecules such as cadherins as well as chemotactic cytokines
e.g. CXCL16. Consistent with our results Maretzky et al

found an enhanced motility in ADAM10-transfected HaCaT
cells (27). To elucidate the role of ADAM10 in E-cadherin
shedding in PDAC cells, Western blot analysis with antibodies
detecting the C-terminal fragment 1 (CTF1) and the full length
(FL) E-cadherin were performed after ADAM10 silencing.
While Maretzky et al demonstrated a distinct reduction of
CTF1 generation and an accumulation of the FL protein by
immunoblot analyses, processing of E-cadherin after ADAM10
silencing in PDAC cells was unaltered. This suggests that in
PDAC other substrates of ADAM10, influencing adhesion or
migration, are processed predominantly.

In conclusion, at the protein level a trend toward up-
regulation of ADAM10 in PDAC was observed. ADAM10
promotes cancer cell migration and invasion of PDAC cells,
suggesting a crucial role of ADAM10 in tumor cell invasion
and in metastasis of pancreatic cancer. 
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