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Background: Pancreatic stellate cells (PSCs, which produce the stroma of pancreatic cancer (PC)) interact with cancer cells to
facilitate PC growth. A candidate growth factor pathway that may mediate this interaction is the HGF–c-MET pathway.

Methods: Effects of HGF inhibition (using a neutralising antibody AMG102) alone or in combination with gemcitabine were
assessed (i) in vivo using an orthotopic model of PC, and (ii) in vitro using cultured PC cells (AsPC-1) and human PSCs.

Results: We have shown that human PSCs (hPSCs) secrete HGF but do not express the receptor c-MET, which is present
predominantly on cancer cells. HGF inhibition was as effective as standard chemotherapy in inhibiting local tumour growth but
was significantly more effective than gemcitabine in reducing tumour angiogenesis and metastasis. HGF inhibition has resulted in
reduced metastasis; however, interestingly this antimetastatic effect was lost when combined with gemcitabine. This suggests that
gemcitabine treatment selects out a subpopulation of cancer cells with increased epithelial–mesenchymal transition (EMT) and
stem-cell characteristics, as supported by our findings of increased expression of EMT and stem-cell markers in tumour sections
from our animal model. In vitro studies showed that hPSC secretions induced proliferation and migration, but inhibited apoptosis,
of cancer cells. These effects were countered by pretreatment of hPSC secretions with a HGF-neutralising antibody but not by
gemcitabine, indicating a key role for HGF in PSC–PC interactions.

Conclusions: Our studies suggest that targeted therapy to inhibit stromal–tumour interactions mediated by the HGF–c-MET
pathway may represent a novel therapeutic approach in PC that will require careful modelling for optimal integration with existing
treatment modalities.

Pancreatic ductal adenocarcinoma (PDAC) or pancreatic cancer
(PC) is the fourth leading cause of cancer-related death in western
societies, with a 5-year survival rate of o4% (Siegel et al, 2013;
Yadav and Lowenfels, 2013) and is predicted to become the second
leading cause of cancer-related deaths in the United States of
America by 2020 (Rahib et al, 2014). Despite aggressive treatments
with surgery, chemotherapy and radiotherapy, the clinical outcome
of this disease has remained poor. Histologically, PDAC is
characterised by a prominent desmoplastic/stromal reaction
consisting of extracellular matrix proteins such as collagen,
fibronectin, proteoglycans, hyaluronan and stromal cells, including

pancreatic stellate cells (PSCs), immune cells, endothelial cells and
neuronal cells. Accumulating evidence indicates that the stromal
reaction may have an important role in the progression of PDAC
(Vonlaufen et al, 2008b; Xu et al, 2014; Pothula et al, 2015).
Inhibition of the stromal–tumour interactions should be consid-
ered in designing therapeutic strategies to improve PC outcomes
(Oettle, 2014).

Our group was the first to establish that PSCs (the effector cells
in pancreatic fibrogenesis) are the predominant source of the
abundant collagen in the stromal reaction around PC cells in the
stroma (Apte et al, 2004). Importantly, we and others have shown
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that there is a close interaction between PSCs and PC cells that
facilitates the growth of tumours within the pancreas and also
increases regional as well as distant metastasis (Apte et al, 2004;
Bachem et al, 2005; Hwang et al, 2008; Vonlaufen et al, 2008a;
Vonlaufen et al, 2008b; Erkan et al, 2009). In vitro studies have
established that PSC secretions stimulate proliferation but inhibit
apoptosis of PC cells, thereby facilitating cancer cell survival. In
turn, PC cell secretions induce PSC activation as assessed by
increased proliferation, migration and production of extracellular
matrix proteins (Bachem et al, 2005; Hwang et al, 2008; Erkan et al,
2009; Habisch et al, 2010). These in vitro observations have been
well supported by findings in orthotopic models of PC, which have
shown that injection of a mixture of PC cells and PSCs into the
pancreas of immunocompromised mice leads to larger tumours
and higher rates of metastasis when compared with mice injected
with cancer cells alone (Vonlaufen et al, 2008a; Xu et al, 2010).
Importantly, these tumours exhibit a strong stromal reaction
surrounding cancer cells, thus resembling the histological features
of human PC (Vonlaufen et al, 2008a; Xu et al, 2010).

Factors/pathways mediating the observed interactions between
PSCs and cancer cells are yet to be fully elucidated, although
in vitro studies have suggested that growth factors such as platelet-
derived growth factor, vascular endothelial growth factor and
transforming growth factor beta may have a role in the cross-talk
between the two cell types (Lohr et al, 2001; Vonlaufen et al,
2008a). Recently, another growth factor, the hepatocyte growth
factor (HGF) has been receiving some attention with regard to its
possible role in the pathogenesis of PC (Matsushita et al, 2007;
Watanabe et al, 2011; Gholamin et al, 2014). Upregulation of HGF
and/or its receptor c-MET have been reported in several
malignancies and are often associated with poor prognosis
(Birchmeier et al, 2003; Canadas et al, 2010; Yang et al, 2011).
In PC, increased serum HGF levels or increased pancreatic
expression of c-MET have been reported to be associated with
poor prognosis (Ebert et al, 1994; Ide et al, 2007; Kemik et al, 2009;
Nones et al, 2014; Zhou et al, 2014). However, the HGF–c-MET
pathway has not been fully characterised, particularly with regard
to stromal–tumour interactions in PDAC.

HGF (also known as scatter factor) is a 90-kDa glycoprotein, secreted
by mesenchymal cells (Jiang et al, 2005). Its transmembrane cell surface
receptor, MET, a disulphide-linked heterodimer, is a product of the
proto-oncogene c-MET and is usually expressed on epithelial cells.
HGF–c-MET signalling between mesenchymal and epithelial cells
occurs during embryonic development of numerous organs, including
kidney, mammary gland, liver, muscle and neural tissues. Binding of
HGF to its receptor leads to dimerisation and phosphorylation of
c-MET and subsequent activation of several signalling pathways,
including MAPK and PI3K, that regulate proliferation, invasion and
migration of cancer cells (Birchmeier et al, 2003).

We hypothesise that the HGF-c-MET pathway mediates the
facilitatory influence of PSCs on PDAC progression and that
targeting this pathway will inhibit local tumour growth and
metastasis. In this study, we specifically aimed to determine the
effect of inhibition of the ligand HGF on PDAC progression in vivo
and to determine the role of HGF in the interactions between PSCs
and cancer cells in vitro.

MATERIALS AND METHODS

Orthotopic model of PC. The orthotopic model has been
described in detail previously (Vonlaufen et al, 2008b; Xu et al,
2010). Briefly, 6–8-week-old female athymic nude mice (BALBc
nu/nu) were anaesthetised and an incision was made in the left
flank followed by exteriorisation of the spleen and tail of the
pancreas. A mixture of human PC cells (AsPC-1) 1� 106þ human

PSCs (hPSCs) 1� 106 in 50 ml PBS was injected into the tail of
pancreas. After the intrapancreatic injection, the organs were
replaced and the abdomen was closed. One batch of mice (n¼ 12)
was killed 1 week (day 7) postsurgery to assess tumour size so as to
ensure similar pretreatment tumour volumes. Other mice, which
were to receive treatment, were randomised into subgroups (n¼ 9
mice per group) on postsurgical day 7. These mice were then
treated as detailed below for a further 6 weeks (treatment time
limited by UNSW ethics approval ACEC 12/102B; all treatments
were administered as twice weekly i.p. injections):

(i) HGF-neutralising antibody (AMG102, 300 mg per mouse);
(ii) IgG control;

(iii) Gemcitabine (75 mg per Kg BW); and
(iv) Combination of AMG102 and gemcitabine.

The doses of AMG102 and gemcitabine used in this study were
based on our preliminary dose–response studies (Arun et al, 2011)
involving mice that received injections into the pancreas of AsPC-1
alone or a mixture of AsPC-1þ hPSCs. Notably, AsPC-1 alone
tumours did not respond to AMG102 (details in Results section). Thus
doses selected for use in this study represent those which yielded
optimal inhibitory effects on the growth of tumours produced by
injection of AsPC-1þ hPSCs into the pancreas. AsPC-1 cells were
selected as, in our hands, they have a take rate of 100% and exhibit high
reproducibility of tumour growth rates and metastasis.

Pancreatic tumour growth was monitored by palpation. Mice
were killed at 6 weeks from the first i.p. injection. Tumours were
resected and assessed for size and volume by two separate
observers (tumour volume was calculated to two decimal points,
according to an established formula (1/2(length� breadth�
width) using digital Vernier calipers (Intech tools, Thomas town,
VIC, Australia); Xu et al, 2010). Tumour tissue was then divided
for further processing (histological and biochemical analysis). The
abdominal cavity, mesentery, spleen, liver and lungs were
examined and scored according to the presence or absence of
visible metastatic nodules. Tumours were compared with respect to
size and weight, stellate cell activation (alpha-smooth muscle actin
(a-SMA)) and expression of angiogenic factors (CD-31), tumour
cell markers (cytokeratin), stem-cell marker (CD-133) and
epithelial–mesenchymal transition (EMT) marker (TWIST).
Tumours were characterised by H&E stain for morphology, while
collagen deposition was assessed by Sirius Red staining as
described previously (Vonlaufen et al, 2008a; Xu et al, 2010).

Expression of a-SMA, cytokeratin, CD-31, CD-133 and TWIST
in primary tumours. Immunostaining of tumour sections for
a-SMA (1 : 800) and cytokeratin (1 : 75) were performed using
mouse anti-human a-SMA and mouse anti-human cytokeratin as
primary antibodies. Morphometric analysis of stained sections was
performed as described previously (Vonlaufen et al, 2008a).
Endothelial cells in primary tumours were identified by immu-
nostaining for the endothelial cell marker CD-31. Cells expressing
stem cells and EMT characteristics were assessed by immunostain-
ing the tumour sections for stem-cell marker CD-133 and
transcription factor TWIST, respectively. For morphometric
analysis, random fields of � 40 magnification (n¼ 10 per slide)
were selected and examined by an assessor blinded to the study
groups. Results were analysed as the total number of positive cells
in all 10 selected fields and expressed as the percentage of control
(i.e., tumour sections from IgG-treated mice).

In vitro studies

Cell culture
Cancer cells: The human PC cell line AsPC-1 (American Type
Culture Collection, Manassas, VA, USA) was cultured according to
supplier’s instructions and published protocols.
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Human PSCs: hPSCs were isolated as described previously, by
the outgrowth method from resected pancreatic tissues obtained
from five different patients with PC (Bachem et al, 1998). Normal
hPSCs were isolated using a density gradient isolation method
from the histologically normal portion of resected pancreatic tissue
from patients with benign conditions of the pancreas (Vonlaufen
et al, 2010). The purity of hPSC yield was assessed by morphology
and immunostaining for glial fibrillary acidic protein (a PSC
selective marker) and a-SMA (a PSC activation marker) and the
absence of staining for the cancer cell marker cytokeratin, using
previously established methods (Apte et al, 1998; Vonlaufen et al,
2010).

Expression of HGF by hPSCs and c-MET by AsPC-1
Quantitative real-time PCR for HGF and c-MET: RNA was
isolated from hPSCs using the RNA Plus Mini Kit (Qiagen,
Chadstone, VIC, Australia) according to the manufacturer’s
instructions. Cellular RNA was reverse transcribed and real-time
PCR performed in the Roche Light Cycler 480 (Castle Hill, NSW,
Australia) using the Quantifast SYBR Green PCR Kit (Qiagen) and
predesigned primer sets (Quantitect primers, Qiagen) for human,
HGF and c-MET and human18S ribosomal RNA. Data were
analysed as described previously (Vonlaufen et al, 2010).

Immunoblotting for HGF and c-MET on cell lysates: AsPC-1
and hPSCs were harvested at 70–80% confluence for lysis, and cell
lysate protein concentration was estimated using the Pierce
Bicinchoninic Acid (BCA) Protein Assay Kit (Thermo Fisher
Scientific, Scoresby, VIC, Australia), according to the
manufacturer’s instructions. Lysates were then subjected to
immunoblotting.

Collection of hPSC secretions and measurement of HGF in hPSC
secretions. Culture medium was changed twice weekly, and cells
were passaged by trypsinisation when 70–80% confluence was
reached. Conditioned medium (hPSC secretions) used for experi-
ments was collected from hPSCs between the third and eighth
passage. Media (0.1% SFM4MAb for proliferation and migration
assays or 0% IMDM for apoptosis assays) were collected,
centrifuged at 1000 g for 10 min at 4 1C, and the supernatant was
concentrated with Centricon YM3 filters (Millipore, Bayswater,
VIC, Australia). HGF in hPSC secretions was quantified using a
human HGF Quantikine ELISA Kit (R&D Systems) according to
the manufacturer’s instructions as described previously (Patel et al,
2014). The secretions were stored at � 80 1C until used for
functional assays. For assays that required pretreated secretions,
appropriate dilution of secretions was performed with co-culture
medium so as to standardise HGF to a concentration of 2000 pg
HGF ml� 1. These concentrations were used as they reflected the
actual amounts produced by hPSCs over 24 h (Patel et al, 2014).

Effect of hPSC secretions in the presence and absence of HGF
inhibitor on AsPC-1 cell functions
Preparation of hPSC secretions: Secretions from hPSCs (n¼ 5)
that had been standardised to 2000 pg HGF ml� 1 were pretreated
for 1 h at 37 1C with 60 mg ml� 1 AMG102 (HGF-neutralising
antibody; Amgen, Thousand Oaks, CA, USA), 60 mg ml� 1 IgG
(isotype control for AMG102; Amgen), 300 mg ml� 1 gemcitabine
(Hospira, Mulgrave, VIC, Australia) or combination of gemcita-
bine and AMG102. These concentrations of treatment compounds
were calculated corresponding to in vivo dose used in these studies
(see Supplementary Methods).

Assessment of AsPC-1 cell proliferation, migration and apoptosis:
The effects of HGF inhibition on AsPC-1 proliferation were
measured using the Cell Counting Kit-8 (Dojindo Molecular
Technologies, Rockville, MD, USA). AsPC-1 cell migration was

assessed using a modified Boyden chamber method as published by
us previously using cell culture inserts with a porous membrane at
the bottom (8-mm sized pores) (Becton-Dickinson, Bedford, MA,
USA) placed in 24-well culture plates. Apoptosis was assessed by
Annexin V staining. The above methods are described in detail in
the Supplementary Methods.

Collection of AsPC-1 lysates and protein quantification for
assessment of activated signalling pathways. AsPC-1 at 90%
confluence were exposed to one of the following treatments for
15 min: (i) co-culture medium; (ii) hPSC secretionsþ IgG; or
(iii) hPSC secretionsþAMG102 (as described above, using secre-
tions from n¼ 5 different hPSCs). After 15-min exposure, secretions
were removed, and cells were rinsed with ice cold PBS and then
lysed. Lysates were centrifuged at 14 000 r.p.m. for 10 min at 4 1C,
and the resultant supernatants were collected. Cell lysate protein
was estimated using the Pierce Bicinchoninic Acid (BCA) Protein
Assay Kit (Thermo Fisher Scientific), according to the manufac-
turer’s instructions, Lysates were then subjected to immunoblotting
as detailed below for assessment of PI3 kinase and MAPK
activation. Similarly, lysates from AsPC-1 cells were collected after
treatment for 10 min for assessment of c-MET activation.

Briefly, lysed proteins were separated using 10% SDS poly-
acrylamide gels and transferred onto nitrocellulose membranes.
Membranes were blocked for 1 h in 5% skim milk in Tris buffered
saline with Tween-20 (TBS-T), followed by overnight incubation at
4 1C with one of the following rabbit mAb diluted 1 : 1000 in TBS-
T with 5% BSA: (i) phospho-Akt (Cell Signaling Technology,
Beverly, MA, USA) or (ii) phospho-p44/42 MAPK (ERK1/2) (Cell
Signaling Technology). Membranes were washed and incubated for
1 h at room temperature with an HRP-conjugated goat anti-rabbit
secondary antibody, diluted 1 : 2000 in blocking buffer. Target
proteins were detected using the Bio-Rad ECL Kit (Gladesville,
NSW, Australia) and quantified using densitometry.

Membranes were then stripped and re-probed for expression of
total PI3 kinase and total ERK (used as loading controls) by
incubating overnight at 4 1C with the following antibodies at
1 : 1000 dilution: Akt (pan) (Cell Signaling Technology) and p44/42
MAPK (ERK1/2) (Cell Signaling Technology). Bands representing
phosphorylated and total ERK1/2 and Akt were quantified by
densitometry. Densitometric readings for phosphorylated ERK1/2
and Akt were corrected for their respective loading controls (total
ERK1/2 and Akt). Results were expressed as the percentage of
control (i.e., expression of phopho-ERK1/2 or Akt in cells treated
with co-culture medium as control).

Western blotting was also used to assess c-MET phosphoryla-
tion, total c-MET and glyceraldehyde phosphate dehydrogenase
(GAPDH, as loading control). The primary antibodies (overnight
incubation at 4 1C) included anti-rabbit phospho-Met (Tyr1234/
1235) (D26, Cell Signaling Technology 1 : 1000, rabbit total Met
(D1C2, Cell Signaling Technology) 1 : 1000 and anti-mouse
GAPDH (Abcam) 1 : 50000. The secondary antibody was HRP-
conjugated goat anti-rabbit antibody, 1 : 2000. Densitometric
readings for phosphorylated c-MET and total c-MET were
corrected for their respective loading controls (GAPDH).

Statistical analysis. Data are expressed as mean±s.e.m. Student’s
t-test, one-way analysis of variance with Tukey’s post hoc test or
Fisher’s exact test was applied as appropriate. Analyses were
performed using GraphPad Prism 6.00 for Mac OS X (GraphPad
Software, La Jolla, CA, USA).

Ethics approval. The South Eastern Sydney Local Health District
Human Research Ethics Committee (13/023(HREC/13/POWH/
65)) and the Animal Care and Ethics Committee (ACEC12/102B)
of The University of New South Wales, Sydney, Australia approved
these studies.
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RESULTS

Orthotopic model for PC. The survival rate assessed to the point
of killing in our model was 100%. As the tumours were not
palpable in the first week, which was the time of randomisation for
the mice to start receiving treatments, a group of mice (n¼ 12) was
killed at 1 week after surgery, to ensure that tumour volumes at the
start of treatment were uniform across the different groups. As
shown in Figure 1A, there was no difference between the volumes
of tumours harvested from the 12 mice at 1 week after surgery.

Effect of HGF inhibition and gemcitabine on tumour volume. In
our initial studies, we assessed the effects of HGF inhibition on tumours
formed by AsPC-1 alone and on tumours formed by a mixture of
AsPC-1 and hPSCs after 6 weeks postimplantation. In control mice
(treated with IgG), AsPC-1þ hPSC tumours were significantly larger
than those formed by AsPC-1 (tumour volume mm3; mean±s.e.m. –
1312.63±175.27* vs 667.94±93.93, respectively; *Po0.001 vs AsPC-1
alone tumours; n¼ 8 mice per group, confirming our previously
published results. Interestingly, AMG102 failed to reduce tumour
volumes of AsPC-1 alone tumours, (AMG 102 treatment 517.07±68.95
vs IgG treatment 667.94±93.93) but significantly inhibited tumour
growth in AsPC-1þ hPSC tumours (AMG102 treatment
532.47±91.83* vs IgG treatment 1312.63±175.27; *Po0.001 vs IgG
treatment; n¼ 8 mice per group).

For our main model, as noted in the Methods section, 1 week after
surgery, mice were randomised to treatment groups receiving either
HGF-neutralising antibody (AMG102) or isotype IgG or gemcitabine (a
standard chemotherapeutic agent) or the combination HGF antibody
and gemcitabine. After a treatment protocol of twice weekly
intraperitoneal injections for 6 weeks, the tumours were harvested
and tumour volumes were analysed. AMG102 significantly inhibited
tumour growth when compared with IgG-treated animals (Figure 1B).
Importantly, HGF inhibition was as effective as gemcitabine in reducing
tumour volumes in our model (Figure 1B), although there was no
additive or synergistic effect on tumour volume reduction when both
these agents were used in combination (Figure 1B).

Effect of HGF inhibition and gemcitabine on tumour metastasis.
Mice treated with AMG102 had significantly reduced metastasis
when compared with the mice receiving IgG as control
(Figure 1C). However, gemcitabine treatment did not have any
inhibitory effect on the metastatic spread. More intriguingly, when
combined with gemcitabine, AMG102 lost its inhibitory effect on
metastasis (Figure 1C).

The lack of an antimetastatic effect with gemcitabine and the
loss of the protective effect of AMG102 in the presence of
gemcitabine suggested that gemcitabine treatment selects out a
population of highly aggressive cancer cells (e.g., stem cells) with
higher migratory potential (via increased EMT). This hypothesis
was investigated by assessing primary tumours histologically for
the presence of relevant markers.

Histological characterisation of primary tumours. H&E-stained
sections of the tumours in untreated mice exhibited cancer cells
embedded in a strong desmoplastic reaction, thus resembling human
PC. Morphometric analysis of tumour sections immunostained for
cytokeratin allowed calculation of cancer cell density in tumours
from each treatment group (expressed as the number of cytokeratin-
positive cells mm� 2). AMG102 alone (91.3±2.4 expressed as the
percentage of IgG treatment as control) resulted in a modest but
significant reduction of cytokeratin expression compared with IgG-
treated tumours (Figure 2A). Gemcitabine alone (58.2±4.2) or in
combination with AMG102 (57±2.9) also reduced cytokeratin
expression but to a significantly greater extent than AMG102 alone
(Figure 2A). However, as the tumour volumes in all the three

treatments were similar (Figure 1B), it is possible that, in gemcitabine-
treated tumours with large reduction in cancer cell density, other
components such as fibrosis may have made up the tumour volume.

The effect of treatments on fibrosis was assessed by software-
assisted morphometric analysis on sections stained for Sirius Red
(which stains fibrillar collagen) (Figure 2B). Significantly higher
Sirius Red expression was noted in tumours from mice receiving
combination treatment (GemþAMG102; 22.2±1.8; Figure 2B(ii)).
Tumours in mice treated with gemcitabine alone (17.3±1.8) also
showed higher Sirius Red expression than controls (14.05±1.8) or
AMG102-treated mice (13.77±2) although this increase did not
reach statistical significance. Immunostaining for PSC activation
marker, a-SMA was also performed on these tumours but no
significant difference was observed between treatment groups
(percentage of control, IgG-treated mice, mean±s.e.m.; IgG-
treated tumours (100), AMG102-reated tumours (117.6±13),
Gemcitabine-treated tumours (123±27.9) and tumours treated
with combination (111.4±19.4) n¼ 9 per group).

Effect of treatments on cancer stem-cell and EMT markers
in vivo. The paradoxical increase in metastasis with gemcitabine
treatment both as single agent and in combination (Figure 1C)
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Figure 1. Effect of HGF inhibition and gemcitabine on pancreatic
tumours in vivo. (A) Tumour volumes uniform at 1 week postsurgery,
before randomisation for treatments: A mixture of AsPC-1 cells and
human PSCs was injected into the tail of the pancreas of nude mice
(n¼ 12). At 1 week postsurgery (the time of randomisation for
treatments), the tumours were harvested and measured. Tumours in all
12 animals were similar in size (16.4±1.2 mm3). (B) Pancreatic tumour
volumes in mice treated with AMG102 or gemcitabine (Gem), alone
and in combination: Pancreatic tumour volumes were reduced to a
similar extent by AMG102 and gemcitabine, whether administered as
single agents or in combination, compared with tumours in IgG-treated
(control) animals. (*Po0.01 vs IgG n¼9 per group). (C) Regional and
distant metastasis in mice treated with AMG102 or gemcitabine (Gem),
alone and in combination: Mice treated with AMG102 had significantly
reduced metastatic spread to the organs depicted in the figure when
compared with IgG-treated mice. No decrease in metastasis was
observed in mice treated with gemcitabine. The inhibitory effect on
metastasis noted with AMG102 as a single agent was lost when the
HGF inhibitor was combined with gemcitabine. (*Po0.05, **Po0.005
vs IgG, n¼9 per group).
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suggested that gemcitabine treatment may be selecting out a
subpopulation of cancer cells, possible stem-like cells with an
aggressive phenotype and increased migratory potential owing to
an increase in EMT. Immunohistochemistry of tumours sections
for the stem-cell marker (CD-133) and the transcription factor
TWIST (marker for EMT) demonstrated that tumours from mice
treated with gemcitabine alone or in combination with AMG102
exhibited significantly higher expression of CD-133 (2617±351,
2554±360, respectively, percentage of IgG control) and TWIST
(207±12, 207±10, respectively, percentage of IgG control)
compared with tumours from IgG-treated controls or mice treated
with AMG102 alone (115±9.5% IgG control) (Figures 3A and B).
These results support the notion that gemcitabine treatment selects
out an aggressive subpopulation of tumour cells with increased
stemness and EMT.

Role of HGF inhibition in tumour angiogenesis in PC. As HGF is
known to have an angiogenic effect in several other cancers
(Bussolino et al, 1992; Grant et al, 1993), tumour sections were
assessed for the endothelial cell marker CD-31. Morphometric
analysis of stained sections indicated significantly decreased CD-31
expression in tumour from mice treated with AMG102 (77.4±3.7)
compared with tumours in IgG (percentage of control) or
gemcitabine-treated mice (88.5±5), suggesting that HGF inhibi-
tion reduces neo-angiogenesis in PC (Figure 3C). These results
concur with the proposed angiogenic role of HGF in cancers and
also well support our recently published in vitro results showing
that HGF inhibition directly reduces proliferation and migration of
human microvascular endothelial cells, HMEC-1 (Patel et al,
2014).

Role of HGF-c-MET in PSC–PC cell interactions in vitro

HGF secretion by PSCs and expression of its receptor c-MET by
PC cells. To determine the role of HGF-c-MET in stellate cell and
cancer cell interactions, in vitro experiments assessing HGF
production by PSCs and the presence of its receptor c-MET on
cancer cells were conducted. mRNA for HGF was found to be
expressed by both normal and cancer-associated PSCs but not by
cancer cells (AsPC-1) (Figure 4A). In contrast, the receptor c-MET
was expressed by AsPC-1 but not by normal or cancer-associated
hPSCs (Figure 4A). These results were also reflected at the protein
level for HGF and c-MET. PSC lysates from three different patients
exhibited the presence of all the isoforms of HGF, similar to the
positive control, rhHGF (Figure 4B), while c-MET expression was
observed in AsPC-1 (as confirmed by the positive control human
pancreatic ductal epithelial cells but not in PSC lysates from three
different patients (Figure 4B)).

Cancer cell proliferation. AsPC-1 cells were exposed to co-culture
medium with increasing concentrations of recombinant human
HGF from 500 to 5000 pg ml� 1 to establish a dose response
to HGF concentrations that induced proliferation. In all,
2000 pg ml� 1 rhHGF induced maximal proliferation in cancer
cells, which was inhibited by AMG102 (Figure 5A(i)). hPSC
secretions with known amounts of HGF (2000 pg ml� 1) induced
AsPC-1 proliferation compared with controls, that is, cancer cells
incubated with co-culture medium alone, concurring with our
previous reports of hPSC-induced cancer cell proliferation
(Vonlaufen et al, 2008a). This hPSC-induced proliferation was
inhibited in the presence of HGF-neutralising antibody and
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Figure 2. Effect of treatments on tumour morphology (n¼ 9 mice per treatment group). (A) Effect of HGF inhibition and gemcitabine on cancer
cell density: The figure includes: (i) representative images of tumour sections immunostained for the cancer cell marker cytokeratin (scale bar:
20mm; negative control in the inset); and (ii) a bar graph depicting morphometric analysis for cancer cell density (calculated as the number
of brown-stained cells per unit area of tumour and expressed as the percentage of control (IgG-treated tumours)). Compared with the
IgG-treated group, cancer cell density was significantly reduced by AMG102 (*Po0.05 vs IgG). The effect was greater in animals treated with
gemcitabine, both as single agent (GEM) and in combination with AMG102 (AMG102þGEM) (**Po0.0001 vs IgG and AMG102). (B) Effect of
HGF inhibition and gemcitabine on fibrosis: The figure includes (i) representative images of tumour sections stained for Sirius Red to assess
collagen deposition. (scale bar: 100mm); and (ii) a bar graph depicting morphometric analysis for collagen deposition (calculated by assessing
ratio of red-staining area to total tumour area and expressed as positive stained area per HPF). Compared with the IgG- or AMG102-treated
animals, fibrillar collagen deposition was increased in animals treated with gemcitabine in combination with HGF inhibition (*Po0.05 vs IgG
and AMG102).

HGF inhibition in PC BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2015.478 273

http://www.bjcancer.com


gemcitabine (Figure 5A(ii); data are expressed as the percentage of
control (mean±s.e.m.): hPSC secretionsþ IgG 186±8*, hPSC
secretionsþAMG102 150±8.8#, hPSC secretionsþ gemcitabine,
153±1**; hPSC secretionsþ combination 160±5.5); *Po0.0001
vs control; #Po0.05 vs hPSCþ IgG; **Po0.05 vs hPSCþ IgG;
n¼ 5 separate hPSC preparations).

Cancer cell migration. AsPC-1 cell migration was induced upon
exposure to hPSC secretions, in agreement with our previously
published report (Vonlaufen et al, 2008a). Interestingly, this
induction of AsPC-1 migration persisted in the presence of
gemcitabine but was prevented in the presence of the HGF-
neutralising antibody as a single agent (Figure 5B; data are
expressed as the percentage of control (mean±s.e.m.): hPSC
secretionsþ IgG 184.6±20.9*, hPSC secretionsþAMG102
149.5±18.8, hPSC secretionsþ gemcitabine, 196.1±17#; hPSC
secretionsþ combination 147.5±11.8*; #Po0.01 *Po0.05 vs
control; n¼ 5 separate hPSC preparations).

Cancer cell apoptosis. AsPC-1 cells were subjected to serum
starvation to induce apoptosis. This induced apoptosis was
significantly inhibited in the presence of untreated hPSC secretions
(thus possibly facilitating cancer cell survival), an effect that was

reversed in the presence of HGF-neutralising antibody. However,
the antiapoptotic effect of hPSC secretions persisted in the
presence of gemcitabine. (Figure 5C; data are expressed as the
percentage of control (mean±s.e.m.): hPSC secretionsþ IgG
85±3*, hPSC secretionsþAMG102 94±2, hPSC secretionsþ
gemcitabine, 87.2±2.6*, hPSC secretionsþ combination 93.7±3.4);
*Po0.01 vs control; n¼ 5 separate hPSC preparations).

Signalling pathways mediating the effects of HGF inhibition on
cancer cells. To establish whether the effects of HGF inhibition
are mediated by ERK and/or PI3 kinase, AsPC-1 cells were
exposed to pretreated hPSC secretions in the presence and absence
of HGF antibody. Immunoblotting revealed increased phosphor-
ylation of ERK in cancer cells exposed to hPSC secretion for
15 min, and this effect was reversed in the presence of HGF-
neutralising antibody (Figure 6A). With regard to the PI3 kinase
pathway, no statistically significant change in phosphorylation of
Akt was observed.

To assess the activation of c-MET in response to HGF
inhibition, AsPC-1 cells were treated as described above (hPSC
secretions±HGF antibody). Immunoblotting showed increased
phosphorylated c-MET as well as total c-MET in cancer cells
exposed to hPSC secretions for 10 min, of which phosphorylation
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Figure 3. Effect of AMG102 and gemcitabine treatments, alone and in combination on stem-cell and EMT markers, and neo-angiogenesis
in vivo: (n¼ 9 mice per treatment group). (A) Effect of HGF inhibition and gemcitabine on CD-133 (stem-cell marker) expression: The figure
includes: (i) representative images of tumour sections immunostained for the stem-cell marker CD-133 (scale bar: 50mm; negative control in the
inset); and (ii) a bar graph depicting morphometric analysis for stem-cell density (calculated as the number of brown-stained cells per unit area of
tumour and expressed as the percentage of control (IgG-treated tumours)). Compared with IgG- and AMG102-treated groups, stem-cell density
was significantly increased by gemcitabine treatment both as a single agent (GEM) and in combination with AMG102 (AMG102þGEM) (*Po0.001
vs IgG and AMG102). (B) Effect of HGF inhibition and gemcitabine on TWIST (epithelial–mesenchymal transition (EMT) marker): The figure
includes: (i) representative images of tumour sections immunostained for the EMT marker TWIST (scale bar: 50mm; negative control in the inset);
and (ii) a bar graph depicting morphometric analysis for brown positive cells undergoing EMT (calculated as the number of brown positive cells per
unit area of tumour and expressed as the percentage of control (IgG-treated tumours)). Compared with IgG- and AMG102-treated groups, the
number of cells undergoing EMT was significantly increased by gemcitabine treatment both as a single agent (GEM) and in combination with
AMG102 (AMG102 and GEM) (*Po0.0001 vs IgG and AMG102). (C) Effect of HGF inhibition and gemcitabine on endothelial cell marker
expression: The figure includes: (i) representative images of tumour sections immunostained for the endothelial cell marker CD-31. (scale bar:
20mm; negative control in the inset); and (ii) a bar graph depicting morphometric analysis for CD-31-positive cells (represented by brown positive
structures per HPF, expressed as the percentage of control (IgG-treated tumours)). Compared with the IgG-treated group, there was a significant
reduction in CD-31 expression in AMG102-treated mice (*Po0.005 vs IgG). However, with gemcitabine treatment either as a single agent (GEM)
or in combination with HGF inhibition (AMG102 and GEM) there was no effect on the expression of CD-31.
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of c-MET was reduced by HGF antibody (Figure 6B). GAPDH was
used as a loading control.

DISCUSSION

Using both in vivo and in vitro approaches, this study provides
novel evidence to indicate that HGF has a key role in stromal–
tumour interactions in PC, as evidenced by the finding that
inhibition of this ligand significantly reduces local tumour growth
and distant metastasis. We have demonstrated that the antitumour
effect of HGF inhibition is as effective as the standard
chemotherapeutic agent gemcitabine, but importantly, is superior
to gemcitabine with regard to reducing metastasis. Strikingly and
somewhat unexpectedly, we observed that the antimetastatic effect
of HGF inhibition was lost when combined with gemcitabine. This
antagonistic effect of gemcitabine could possibly be explained by
the fact that this chemotherapeutic agent selects out a population
of cancer cells with increased survivability and a propensity for
migration (as evidenced by increased expression of stem-cell and
EMT markers) and that this stem-cell niche acts as a major source
for distant spread. The ability of gemcitabine to increase stemness
has been reported previously (Hermann et al, 2007; Simeone, 2008;
Quint et al, 2012), However, we believe that our novel findings
indicate that caution needs to be exercised when combining this
routinely used chemotherapeutic drug with other targeted therapy,

because such a combination may not be uniformly beneficial
(Moore et al, 2007; Van Cutsem et al, 2009; Kindler et al, 2010).

Our in vitro studies using patient-derived primary cultures of
PSCs have demonstrated for the first time that these cells secrete
HGF but do not express the receptor c-MET. In contrast, cancer
cells express c-MET but do not produce HGF. The above
observations suggest that the HGF–c-MET pathway may represent
a novel, specific target for therapy in order to improve the
outcome of PC. Although some other studies reported the effects of
HGF/c-MET inhibition in PC, the preclinical models they used
were by orthotopic implantation of cancer cells alone (Tomioka
et al, 2001; Brandes et al, 2015), thus not resembling human PC
(owing to lack of stroma). In contrast, our study incorporates the
stromal component of PC owing to the presence of hPSCs in our
model.

The advantages of our orthotopic model over transgenic mouse
models of PC are that it is produced using human cells and the
resultant pancreatic tumours closely resemble human PC, making
our findings translatable to clinical settings. Thus any observed
responsiveness of the tumours (in terms of growth and metastasis)
to therapeutic interventions may be reasonably expected to be
translatable to the human situation. Importantly, we have found
that HGF is predominantly produced by human PSCs. Further-
more, the HGF-neutralising antibody AMG102 used in our study is
specific for human HGF and does not interact with mouse HGF
(Burgess et al, 2010; Gordon et al, 2010). Although transgenic
mouse models offer an intact immune system, the cells in the
pancreatic tumours are mouse cells and the HGF secreted by these
cells would not be neutralised by AMG102. Thus the translatability
of any results from the K-ras model would be significantly limited.

Mice in our model were treated with AMG102 (HGF-
neutralising antibody) or gemcitabine, alone and in combination
while mice treated with IgG/vehicle served as controls. We found
that HGF inhibition and gemcitabine whether administered
separately or in combination reduced tumour size to a similar
extent when compared with tumours in control (IgG treated) mice.
Notably, tumours that originated from AsPC-1 cells alone without
hPSCs did not respond to HGF inhibition, confirming the
specificity of AMG102 to human HGF.

Pancreatic tumour sections from treated and untreated mice
were specifically examined for cancer cell density (cytokeratin
staining), fibrosis (Sirius Red staining) and angiogenesis (CD-31
staining). We found that HGF inhibition alone caused (i) a modest
(albeit statistically significant) decrease in cell density, (ii) no
change in fibrosis and (iii) a decrease in angiogenesis. As the
volume of tumours in HGF inhibited mice was significantly lower
than in untreated mice, the modest reduction in cancer cell density
implies that HGF inhibition has a major inhibitory effect on the
rate of cancer cell proliferation, when applied early during
tumorigenesis (as was carried out in our study with treatments
commencing 7 days after implantation of cells into the pancreas).
In our model, the lack of an effect on fibrosis implies that HGF
inhibition did not influence PSC function, which is not surprising
given our observation that PSCs do not express the HGF receptor
c-MET. However, angiogenesis, as assessed by CD-31 expression
was significantly reduced by HGF inhibition. This was an expected
result as endothelial cells are well known to express c-MET.
Furthermore, these observations support our recently published
in vitro findings of a close interaction between PSCs and human
microvascular endothelial cells (HMEC1) that is mediated, at least
in part, by HGF secreted by PSCs acting on HMEC1 cells via the
receptor c-MET on the latter (Patel et al, 2014).

In contrast to HGF inhibition alone, gemcitabine alone and in
combination with the HGF inhibitor, (i) significantly reduced
cancer cell density as would be expected of a cytotoxic drug and
(ii) significantly increased fibrosis but (iii) had no effect on
CD-31 staining. These findings imply that gemcitabine, when
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Figure 4. Expression of HGF and c-MET in human PSCs and PC cells
(AsPC-1). (A) Expression of HGF mRNA in human PSCs and c-MET
mRNA in AsPC-1 cells: The graph depicts mRNA expression for HGF by
both normal and cancer-associated PSCs with no expression in AsPC-1.
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in human PSCs and c-MET in PC cells: (i) Immunoblot for HGF showing
expression of known isoforms of HGF protein in PSC lysates,
corresponding to HGF isoforms found in the control recombinant
human HGF. (ii) Immunoblot for c-MET expression in AsPC-1 lysates
demonstrating c-MET expression in AsPC-1 and in the positive control
human pancreatic ductal epithelial (HPDE) cells but absence of c-MET
expression in PSC lysates.
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administered at the seventh day after cell implantation time point,
immediately caused cancer cell death, thus significantly reducing
cancer cell numbers at the start of treatment. The increase in
fibrosis may reflect increased activation of PSCs in response to
factors released by cancer cells during cell death. This increased
fibrosis could possibly have compensated for the reduced cancer
cell density, so that the final volumes of tumours in mice treated
with gemcitabine (with and without HGF inhibitor) were similar to
tumour volumes in mice treated with HGF inhibition alone.
Interestingly, in contrast to HGF inhibition alone, gemcitabine did
not influence angiogenesis within tumours, implying that this drug
alone does not influence endothelial cell function as has been
reported previously in PC (Bruns et al, 2004).

Metastatic spread of cancer in our model was assessed by careful
examination of regional (retroperitoneum, mesentery, spleen) and
distant sites (liver, diaphragm, mediastinum). Compared with
control mice, HGF inhibition alone significantly reduced regional
and distant metastasis. In contrast, gemcitabine failed to decrease
metastasis to the sites assessed. Intriguingly, HGF inhibition failed
to achieve an antimetastatic effect when combined with gemcita-
bine. These findings raised the possibility that gemcitabine
treatment was selecting out a population of cancer cells that had
increased survival properties as well as increased migratory

potential, prompting us to further characterise primary tumours
for the expression of stem-cell and EMT markers such as CD-133
and TWIST, respectively. Expression of both CD-133 and TWIST
was significantly increased in tumours from mice treated with
gemcitabine (alone and in combination with the HGF inhibitor),
compared with tumours from mice treated with either IgG or the
HGF antibody alone. These observations support the concept that
gemcitabine treatment leads to the emergence of a subgroup of
stem-like cancer cells that may be relatively resistant to HGF
inhibition and have increased migratory potential. These data
concur with recent studies reporting that gemcitabine-resistant PC
cells undergo EMT and acquire stem-cell characteristics (Shah
et al, 2007; Wang et al, 2009; Quint et al, 2012; Herreros-
Villanueva et al, 2014). Our observations are also supported by
findings in other cancers, where chemotherapy-resistant cells
acquired increased metastatic and self-renewal characteristics
(Holohan et al, 2013).

The observed lack of synergism between inhibition of the ligand
HGF and gemcitabine (particularly with reference to metastatic
spread) differs from the reports of synergism between inhibition of
the HGF receptor c-MET and gemcitabine (Li et al, 2011; Hage
et al, 2013; Brandes et al, 2015). Most of the work with c-MET
inhibition and gemcitabine has been conducted using transgenic
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Figure 5. Effect of hPSC secretions and treatments on cancer cell functions in vitro: (n¼5 separate hPSC preparations). For proliferation and
migration studies, 0.1% SFM4MAb was used as the medium control and the results are expressed as the percentage of control. (A) Cancer cell
proliferation: (i) AsPC-1 cells were incubated with medium control or medium treated with increasing concentrations (500–5000 pg ml� 1) of
recombinant human HGF±AMG102. Compared with controls, rhHGF at 2000 pg ml� 1 induced maximal AsPC-1 proliferation (*Po0.005 vs
medium control), and this effect was inhibited by AMG102. This experiment was performed as a ‘proof of concept’ and to establish optimal
concentrations of HGF to induce AsPC-1 cell functions (proliferation). (ii) AsPC-1 cells were incubated with medium control or untreated hPSC
secretions or hPSC secretions pretreated either with AMG102 or gemcitabine or a combination of both. Compared with controls, hPSC secretions
(Secrþ IgG group) significantly induced AsPC-1 proliferation (**Po0.0001 vs control). This hPSC-induced AsPC-1 proliferation was significantly
inhibited with AMG102 and gemcitabine as single agents (*Po0.05 vs Secrþ IgG). However, the combination of both (SecrþCombn) did not have
an inhibitory effect on AsPC-1 proliferation. (B) Cancer cell migration: hPSC secretions significantly induced AsPC-1 migration (Secrþ IgG) when
compared with medium control (*Po0.05 vs medium control). This hPSC-induced migration persisted in the presence of gemcitabine treatment
(**Po0.01, *Po0.05 vs medium control) but was prevented with AMG102-treated secretions. (C) Cancer cell apoptosis: For apoptosis studies,
AsPC-1 cells were serum starved in IMDM (Iscove’s Modified Dulbecco’s Medium) medium (medium control) to induce apoptosis or incubated with
untreated hPSC secretions or hPSC secretions pretreated with AMG102, gemcitabine or AMG102þgemcitabine. Results were expressed as the
percentage of control (medium control). hPSC secretions significantly inhibited AsPC-1 apoptosis (Secrþ IgG) when compared with medium
control (*Po0.01 vs medium control). The hPSC-induced antiapoptotic effect on AsPC-1 persisted in the presence of gemcitabine (SecrþGem;
*Po0.01 vs medium control) but not with AMG102 either as single agent (SecrþAMG102) or in combination with gemcitabine (SecrþCombn).
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models and murine c-MET inhibitors. Whether such synergism
persists in an orthotopic model involving human cells is unclear.
We would submit that, in contrast to the use of tyrosine kinase

inhibitors (for c-MET inhibition) that likely have multiple targets
in addition to the c-MET receptor, our studies using AMG102
have, for the first time, reported a highly specific effect, as this
compound only neutralises human HGF and not murine HGF.
Nonetheless, a logical next step for our work would be to
determine the effects of a combination of human HGF inhibition
and c-MET inhibition on PC progression. These studies are
currently underway in our laboratory.

The above in vivo findings were supported by the results of our
in vitro experiments examining the effects of hPSCs on cancer cell
migration, proliferation and apoptosis. In keeping with previously
reported studies, we found that cancer cell migration was
stimulated by hPSC secretions (Hwang et al, 2008; Masamune
et al, 2008; Vonlaufen et al, 2008a). This induction in migration
was prevented by HGF inhibition alone but persisted in the
presence of secretions containing gemcitabine (alone or in
combination with AMG102). These results further support our
in vivo observations that any antimigratory influence of HGF
inhibition is overcome in the presence of gemcitabine, owing to
gemcitabine-induced increase in EMT in cancer cells which would
facilitate their migratory potential (Shah et al, 2007; Wang et al,
2009; Quint et al, 2012).

Cancer cell proliferation was induced in presence of hPSC
secretions as reported previously and this induced proliferation
was inhibited to a modest extent in the presence of the HGF
inhibitor. These observations support our in vivo observations,
which implied a significantly reduced proliferative rate of cancer
cells in mice treated with AMG102. Cancer cell proliferation was
also reduced by gemcitabine, as expected (owing to its known
cytotoxic effects). Unexpectedly, proliferation remained unchanged
in cancer cells treated with gemcitabineþAMG102. The reasons
for this and lack of any additive effects on AsPC-1 proliferation
and migration are unclear. It has to be acknowledged that overall
the effects of HGF inhibition with and without gemcitabine on
cancer cell proliferation were modest. This may reflect the fact that
hPSC secretions containing several other mitogenic factors could
sustain cancer cell proliferation during the short incubation
periods used in the study.

HGF has been reported to inhibit cancer cell apoptosis in a
number of cancers (Bowers et al, 2000; Grotegut et al, 2010).
Several studies have indicated similar protective effects on cancer
cell apoptosis by hPSCs (Vaquero et al, 2003; Boehrer et al, 2006;
Hwang et al, 2008; Vonlaufen et al, 2008a). In our in vitro
experiments, apoptosis was induced by serum-starving cancer cells.
We found that this induced apoptosis was prevented in the
presence of hPSC secretions, while inhibition of HGF in hPSC
secretions reversed the antiapoptotic effect. These findings suggest
a key role for HGF in hPSC secretions as an antiapoptotic and pro-
survival factor for cancer cells, a postulate that is further supported
by our observations that, in hPSC secretions pretreated with
gemcitabine alone, the antiapoptotic effects of hPSC secretions
were maintained.

In view of the above effects of HGF inhibition in the presence
and absence of gemcitabine on cancer cell functions, we examined
the activation (phosphorylation) as well as the expression of the
HGF receptor c-MET and the downstream signalling pathways
ERK1/2 and PI3K/AKT that are known to influence cancer cell
survival and migration (Hwang et al, 2008; Menakongka and
Suthiphongchai, 2010; Collisson et al, 2012). We have shown for
the first time that hPSC secretions significantly induced c-MET
activation as well as total c-MET expression in cancer cells. Similar
c-MET activation upon treatment with hepatic stellate cell
secretions has been reported in hepatocellular carcinoma (Yu
et al, 2013). Importantly, our data showed that HGF inhibition
significantly reduced c-MET activation (but not total c-MET
expression) back to control levels, indicating that HGF has a major
role (via its receptor c-MET) in the hPSC-induced proliferation
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Figure 6. Effect of HGF Inhibition on signaling pathways in AsPC-1
cells. (A) ERK1/2 pathway: (i) Representative immunoblots for
phosphorylated and total ERK1/2 in AsPC-1 cell lysates collected after
exposure of cells to hPSC secretions pretreated with IgG or AMG102
for 15 min. The top panel shows phosphorylated ERK1/2 while the
lower panel indicates total ERK1/2, used as a loading control. GAPDH
blots are provided to additionally show equal loading. (ii) Graph
showing densitometry results (calculated by correction for respective
loading controls and expressed as the percentage of control (co-culture
medium)). Compared with medium control, hPSC secretions
significantly increased ERK1/2 phosphorylation (Secrþ IgG; *Po0.05 vs
medium control). This hPSC-induced phosphorylation of ERK1/2 was
inhibited with HGF inhibition (SecrþAMG102; **Po0.01 vs
Secrþ IgG, n¼5 separate PSC preparations). (B) c-MET pathway:
(i) Representative immunoblots for phosphorylated (top panel) and total
c-MET (middle panel) in AsPC-1 cell lysates collected after exposure of
cells to hPSC secretions pretreated with IgG or AMG102 for 10 min.
The lowest panel shows GAPDH used as a loading control. (ii a and ii b)
Graphs showing densitometry results (corrected for respective loading
controls and expressed as the percentage of control (co-culture
medium)). Compared with medium control, hPSC secretions increased
phospho-c-MET (ii a) and total c-MET expression (ii b) (Secrþ IgG;
*Po0.05 vs medium control, n¼ 3 separate hPSC preparations). This
hPSC-induced phosphorylation of c-MET was inhibited with HGF
inhibition (SecrþAMG102; **Po0.002 vs Secrþ IgG, n¼ 3 separate
hPSC preparations); however, reduction in total c-MET expression with
AMG102 did not reach statistical significance.
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and migration of cancer cells and that these effects are mediated, at
least in part, via activation of the ERK1/2 (but not the PI3K)
pathway.

A majority of reports in the literature support the concept that
the stromal PSCs facilitate tumour growth and metastasis.
Controversially, two recent studies (Ozdemir et al, 2014; Rhim
et al, 2014) have suggested that PSCs and the stroma produced by
them may represent a protective reaction by the host tissue to PC
cells. It is possible that the role of the stroma changes as the
carcinogenic process proceeds, with the stroma in early stages
(PanIns) likely representing an effort to seal off the disease from
the surrounding normal parenchyma, while that in later stages
representing the successful subversion of stromal cells by cancer
cells to their own advantage. As early diagnosis of PC continues to
be a challenge, the development of alternative therapies to
reprogram the stroma remains an essential step to improve
outcome of the disease.

In this study, we have demonstrated that targeting of a specific
pathway such as the HGF-c-MET pathway, by inhibiting its active
ligand, is as effective as a chemotherapeutic agent in inhibiting
pancreatic tumour growth. Importantly, HGF inhibition is clearly
superior to gemcitabine with regard to protection against
metastasis. Our findings indicate that gemcitabine selects
out a population of treatment-resistant and aggressive cancer cells,
which may explain the gemcitabine resistance commonly
observed in the clinical situation. Integrating targeted therapies
with systemic chemotherapy has had limited success despite
encouraging results in vivo models (Li et al, 2014). The
results of our study reinforce the need to use models optimised
to more closely resemble the human setting and demonstrate that
simple combination approaches may not always yield the expected
results. Our findings also suggest that targeting the stroma as
monotherapy may be an effective maintenance or neoadjuvant
approach.

We believe that our study provides a very strong rationale for
the use of targeted therapy to inhibit key stromal pathways as a
component of novel strategies to improve outcomes of PC.
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