
Abstract. GN963 is a tyrosine kinase inhibitor with activity
against platelet-derived growth factor receptor (PDGFR) and
Src kinases. We determined whether oral administration of
GN963, alone or in combination with gemcitabine produces
therapy against L3.6pl human pancreatic cancer cells growing
orthotopically in nude mice. The optimal biological dosage
of oral GN963 was determined to be 100 mg/kg every 48 h.
Seven days after injection of L3.6pl cells into the pancreas of
nude mice, mice (n=10) were treated with vehicle (control),
thrice-weekly oral GN963 (100 mg/kg), twice-weekly
intraperitoneal gemcitabine (100 mg/kg), or GN963 plus
gemcitabine. Treatment with gemcitabine did not significantly
differ from control. In contrast, treatment with GN963 (100 mg/
kg) or GN963 plus gemcitabine produced a 52% and 81%
decrease in tumor volume, respectively. GN963 plus gem-
citabine completely inhibited the incidence of liver metastasis.
Administration of GN963 inhibited PDGFR phosphorylation
in both tumor and tumor-associated endothelial cells,
decreased Src and Akt kinase activity in tumor cells, decreased
microvessel density, and decreased tumor cell proliferation,
while increasing apoptosis of tumor and tumor-associated
endothelial cells. Collectively, these data indicate that targeting
PDGFR, Src, and Akt on tumor and tumor-associated endo-
thelial cells may be an effective therapy for human pancreatic
carcinoma.

Introduction

Pancreatic ductal adenocarcinoma is the fourth most common
cause of cancer-related death in the United States (1). At the

time of diagnosis, 90% of patients have surgically unresectable
disease owing to aggressive invasion and metastasis. Current
chemotherapy regimens with the most effective agents, such
as gemcitabine, prolong life only by 6 months or less (2,3).
Thus, a major goal of research has been the identification of
a more effective therapy for pancreatic cancer. 

Recent advances in understanding the biology of pancreatic
cancer may offer new therapeutic approaches. One such
approach is to alter the pathological signaling pathways of
cancer cells, specifically those that interact with vascular
endothelial cells in the tumor microenvironment. Human
pancreatic cancers express high levels of the epidermal growth
factor receptor (EGFR) (4-9), vascular endothelial growth
factor receptor (VEGFR) (9-11), and platelet-derived growth
factor receptor (PDGFR) (9,12-14); and overexpression of
these receptors is associated with rapidly progressive disease.
Recent data indicate that the well-recognized biological
heterogeneity of neoplasms includes the expression of tyro-
sine kinase receptors (15), and preclinical studies combining
chemotherapy with tyrosine kinase inhibitors targeting EGFR,
VEGFR, and/or PDGFR have shown potent efficacy against
human pancreatic tumors growing in the pancreas of nude
mice (9,1,2,16-21). 

The progression of pancreatic cancer has been associated
with deregulation of several signaling molecules, and inhibition
of the activity of intracellular signal transducers has been
shown to block proliferation, migration, invasion, and meta-
stasis of multiple cancers, including pancreatic cancer (22,23).
One group of these signal transducers, the Src family of
protein tyrosine kinases, is a potential therapeutic target that
has received considerable attention. The Src family comprises
a number of nonreceptor intracellular tyrosine kinases that
mediate a variety of cellular pathways (24,25). Src kinases
are overexpressed in a variety of human tumors, including
cancers of the colon (26,27), breast (28,29), and pancreas
(30), and they are an integral part of tumor cell signaling
pathways associated with migration, proliferation, adhesion,
and angiogenesis (31). Receptor tyrosine kinases that signal
through Src kinases include PDGFRs, EGFRs, and fibroblast
growth factor receptors (25,32). For example, PDGF-induced
c-Src kinase activation by PDGFR tyrosine kinase phosphoryl-
ation and c-Src binding to PDGFR constitutes an early process
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necessary for receptor signaling activation in different cell
types (33-39). The Src family kinases also regulate the
phosphatidylinositol 3'kinase (PI3K/)Akt, and the MAPK(Erk)
kinase (MEK/mitogen-activated protein kinase (extracellular
signal-regulated kinase) (40). Hence, inhibition of Src results
in inhibition of the Src-dependent matrix metalloproteinases
MMP-2 and MMP-9, inhibition of constitutive and EGF-
activated VEGF production, inhibition of interleukin-8
expression, and decreased invasiveness of pancreatic cancer
cells (41-45). Src inhibition with a newly identified Src family
tyrosine kinase inhibitor, AZM475271, was recently shown
to produce significant antitumor and antimetastatic activity in
an orthotopic model of pancreatic cancer in nude mice (46).

Strategies to inhibit PDGFR phosphorylation and Src
kinase activity, either alone or in combination with standard
chemotherapy, should be effective against the growth and
metastasis of human pancreatic cancer. However, while recent
reports have shown the effect of targeted therapy directed at
inhibiting PDGFR (8,12) or Src activity (43-46) in pancreatic
cancer, the therapeutic effect of inhibiting both PDGFR and
Src in combination with chemotherapy is unknown. GN963
[trans-4-(6,7-dimethoxyquinoxalin-2-ylamino)cyclohexanol
sulfate (47); Centelion, Paris, France], a tyrosine kinase
inhibitor of the pyrrolo-pyrimidine class, has been shown to
inhibit the intracellular domain of the PDGFR kinases with a
50% inhibitory concentration of 0.7 nM. GN963 also inhibits
other tyrosine kinases, though less effectively; for example, it
inhibits c-Src with a 50% inhibitory concentration of 3.0 nM.
The present study reports the therapeutic efficacy of GN963
against the growth and metastasis of human pancreatic cancer
cells implanted into the pancreas of nude mice. 

Materials and methods

Pancreatic cancer cell lines and culture conditions. The
human metastatic pancreatic cancer cell line, L3.6pl (48),
was maintained in Dulbecco's modified Eagle's medium
supplemented with 5% fetal bovine serum, sodium pyruvate,
nonessential amino acids, L-glutamine, a two-fold vitamin
solution (Life Technologies, Grand Island, NY), and a
penicillin-streptomycin mixture (Flow Laboratories, Rockville,
MD). Adherent monolayer cultures were maintained on
plastic and incubated at 37˚C in a mixture of 5% CO2 and 95%
air. The cultures were free of Mycoplasma and the following
pathogenic murine viruses: reovirus type 3, pneumonia virus,
K virus, Theiler's encephalitis virus, Sendai virus, minute
virus, mouse adenovirus, mouse hepatitis virus, lymphocytic
choriomeningitis virus, ectromelia virus, and lactate dehydro-
genase virus (assayed by MA BioProducts, Walkersville, MD).
The cultures were maintained for no longer than 12 weeks
after being recovered from frozen stocks. 

Reagents. GN963 was stored at room temperature in 0.5%
w/v methylcellulose and 0.2% Tween-80 in sterile water (47).
Gemcitabine (Gemzar, Eli Lilly, Indianapolis, IN) was kept
at room temperature and dissolved in 0.9% NaCl on the
day of use (2). All of the reagents used in tissue culture were
free of endotoxin, as determined by the Limulus amebocyte
lysate assay (sensitivity limit of 0.125 ng/ml) purchased from
Associates of Cape Cod (Falmouth, MA). We used the

following antibodies: polyclonal rabbit anti-PDGFBB,
polyclonal rabbit anti-PDGFR-ß and polyclonal rabbit anti-
phosphorylated PDGFR-ß (PDGFR-ß-P) (Santa Cruz
Biotechnology, Santa Cruz, CA); rat anti-mouse CD31/
PECAM (platelet/endothelial cell adhesion molecule)-1
(PharMingen International, San Diego, CA); mouse anti-
proliferative cellular nuclear antigen (PCNA) clone PC-10
(Dako A/S, Copenhagen, Denmark); polyclonal rabbit anti-
phosphorylated SrcY418 (P-Src), rabbit anti-Akt and rabbit
anti-phosphorylated AktS473 (P-Akt) (Cell Signaling, Beverly,
MA); monoclonal mouse anti-human c-Src (mAb 327;
Calbiochem, La Jolla, CA); AffiniPure goat anti-mouse IgG
F(ab)2, Texas Red-conjugated goat anti-rat IgG, peroxidase-
conjugated goat anti-rat IgG, and peroxidase-conjugated goat
anti-rabbit IgG (Jackson Research Laboratories, West Grove,
CA); peroxidase-conjugated rat anti-mouse IgG2a (Serotec;
Harlan Bioproducts for Science, Indianapolis, IN); and Alexa
Fluor 488-conjugated goat anti-rabbit IgG. Other reagents
used for IHC analysis included Hoechst Dye 3342 (molecular
weight 615.9 g/mole; Hoechst, Warrington, PA), stable 3,3'-
diaminobenzidine (Research Genetics, Huntsville, AL), Gill's
hematoxylin (Sigma Chemical, St. Louis, MO), and pepsin
(Biomeda, Foster City, CA). The terminal deoxynucleotidyl
transferase-mediated dUTP-biotin end-labeling (TUNEL)
assay was performed using a commercial apoptosis detection
kit (Promega, Madison, WI) with modifications.

Cell proliferation. Tumor cells (1x103) were seeded into
39-mm2 wells of flat-bottomed 96-well plates in triplicate
and allowed to adhere overnight. The cultures were then
washed and refed with medium (negative control) or medium
containing increasing concentrations of GN963. After 3 days
(control cultures did not reach confluence), the number of
metabolically active cells was determined by MTT assay (49).
After 2-4 h of incubation in medium containing 0.42 mg/ml of
MTT, cells were lysed in DMSO. The conversion of MTT to
formazan by metabolically viable cells was monitored by an
MR-5000 96-well microtiter plate reader at 570 nm (Dynatech,
Inc, Chantilly, VA). Growth inhibition was calculated using
the following formula: cytostasis (%) = [1- (AB)] x 100, where
A is the absorbance of treated cells and B is the absorbance
of control cells.

Animals and orthotopic implantation of tumor cells. Male
athymic nude (NCI-nu) mice were purchased from the Animal
Production Area of the National Cancer Institute's Frederick
Cancer Research and Development Center (Frederick, MD).
The mice were housed and maintained under specific pathogen-
free conditions in facilities approved by the American
Association for Accreditation of Laboratory Animal Care and
in accordance with current regulations and standards of the
U.S. Department of Agriculture, Department of Health and
Human Services, and National Institutes of Health. The mice
were used in accordance with institutional guidelines when
they were 8-12 weeks old.

For production of tumors, L3.6pl cells were harvested from
subconfluent cultures by brief exposure to 0.25% trypsin and
0.02% EDTA. Trypsinization was stopped with medium
containing 10% fetal bovine serum, and the cells were washed
once in serum-free medium and resuspended in HBSS.
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Suspensions consisting of single cells with >90% viability
were injected into the pancreas of each mouse as described
previously (48). The mice were sacrificed when moribund (5
weeks after injection) and subjected to necropsy, as described
below. 

Pharmacodynamic endpoint of target inhibition. Seven days
after implantation of L3.6pl human pancreatic cancer cells
into the pancreas, mice were randomized to receive one of
four treatments (n=50 mice per group): daily oral administration
of vehicle solution alone (0.5% w/v methylcellulose and
0.2% Tween-80 in sterile water; control group) or daily oral
administration of 50, 100, or 250 mg/kg GN963. Mice from
each group were treated for 2 consecutive days, at which
time treatment was stopped and, 15 min later, five mice were
bled and sacrificed. The remaining mice in each group were
sacrificed (five mice at a time) 30 min or 1, 2, 4, 8, 12, 24,
48, or 72 h after cessation of treatment. All tumors were
processed for IHC as described below.

Treatment of established orthotopic human pancreatic
carcinomas. Seven days after implantation of tumor cells into
the pancreas of each mouse, five mice were sacrificed to
confirm the presence of tumor lesions. Tumor volumes were
calculated using the following formula: 0.5 x length x (width)2.
At that time, the median tumor volume was 21 mm3. Histo-
logical examination confirmed the lesions to be actively
growing pancreatic carcinomas. 

To determine the optimal biological dose of GN963 given
orally to inhibit phosphorylation of PDGFR-ß on tumor cells
and tumor-associated endothelial cells, mice were randomized
to receive one of eight treatments (n=10 mice per group): i)
thrice-weekly oral administration of vehicle solution alone
(control group), ii) thrice-weekly oral administration of 50 mg/
kg GN963, iii) thrice-weekly oral administration of 100 mg/kg
GN963, iv) thrice-weekly oral administration of 250 mg/kg
GN963, v) twice-weekly intraperitoneal (i.p.) injection of
125 mg/kg gemcitabine alone, vi) thrice-weekly oral admin-
istration of 50 mg/kg GN963 and twice-weekly i.p. injection
of 125 mg/kg gemcitabine, vii) thrice-weekly oral admin-
istration of 100 mg/kg GN963 and twice-weekly i.p. injection
of 125 mg/kg gemcitabine, or viii) thrice-weekly oral admin-
istration of 250 mg/kg GN963 and twice-weekly i.p. injection
of 125 mg/kg gemcitabine. Treatments were continued for 4
weeks. The mice were sacrificed on day 35 and subjected to
necropsy. The volumes of the pancreatic tumors and the
incidence of liver metastases were recorded. 

In a second experiment, the most effective dose of GN963
(100 mg/kg) was used. Groups of mice (n=10) were treated
as follows: thrice-weekly oral administration of vehicle solution
alone (control group), thrice-weekly oral administration of
100 mg/kg GN963, twice-weekly i.p. injection of 100 mg/kg
gemcitabine, and a combination of GN963 and gemcitabine.
The mice were treated for 4 weeks and then sacrificed and
subjected to necropsy as described below.

Necropsy procedures and histological studies. Mice were
sacrificed, and their body weights were recorded. Primary
tumors in the pancreas were excised, measured, and weighed.
For IHC and hematoxylin and eosin (H&E) staining

procedures, part of the primary tumor tissue was fixed in
formalin and embedded in paraffin. Another part of the tumor
was embedded in OCT compound (Miles, Elkhart, IN), snap-
frozen in liquid nitrogen, and stored at -70˚C. Visible liver
metastases were counted and recorded with the aid of a
dissecting microscope, and the tissues were processed for
H&E staining. 

Immunohistochemical analysis. Frozen tissues used for
identification of CD31/PECAM-1 and phosphorylated Src
(P-Src; green fluorescence) were sectioned (8-10 μm), mounted
on positively charged Plus slides (Fisher Scientific, UK), and
air-dried for 30 min. The sections were fixed in cold acetone
for 5 min, followed by 1:1 acetone:chloroform (vol:vol) for
5 min, and then acetone for 5 min. The sections were then
washed with PBS and immunohistochemical staining for
CD31 was performed as previously described (50). A CD31-
positive reaction was visualized by incubating the slides in
stable 3,3'-diaminobenzidine (DAB) for 10-20 min. The
sections were rinsed with distilled water, counterstained with
Gill's hematoxylin for 1 min, and mounted with Universal
Mount (Research Genetics, Huntsville, AL). Control samples
were exposed to secondary antibody alone and demonstrated
no specific staining. 

Sections analyzed for P-Src were incubated with rabbit
anti-P-Src (1:50 dilution in PBS) for 18 h at 4˚C. The samples
were then rinsed three times for 3 min each with PBS and
incubated at room temperature for 1 h with a 1:200 dilution
of secondary Alexa Fluor 488 conjugated goat anti-rabbit
avoiding exposure to light. All samples were washed twice
with PBS containing 0.1% Brij and washed with PBS for 5 min,
and nuclear staining was performed by incubating the samples
with 300 mg/ml Hoechst dye diluted in PBS for 2 min. The
nuclei were identified by blue staining and P-Src was identified
by green fluorescence. Control samples were exposed to
secondary antibody alone and demonstrated no specific
staining. 

Paraffin-embedded tissues were used for identification of
PCNA, PDGF BB, PDGFR-ß, PDGFR-ß-P, Src, and activated
Akt (P-Akt). Sections (4-6 μm thick) were mounted on
positively-charged Superfrost slides (Fischer Scientific, Co.,
Houston, TX) and dried overnight. Sections were deparaffin-
ized in xylene and then treated with a graded series of alcohol
[100, 95, and 80% ethanol (v/v) in double distilled H20] and
rehydrated in PBS (pH 7.5) Sections were treated with 10 mM
citrate buffer, pH 6.0 and microwaved for 10 min for antigen
retrieval. Sections were blocked with 3% H202 in PBS for
12 min and washed with PBS (3x5 min). Sections analyzed
for PCNA, PDGF BB, and PDGFR-ß were incubated with
protein blocking solution containing 5% normal horse serum
and 1% normal goat serum for 20 min. Sections analyzed for
PDGFR-ß-P, Src and P-Akt were blocked with 4% fish gel
for 20 min. Samples were then incubated with the appropriate
primary antibody; anti-PCNA (1:100), anti-PDGF BB (1:100
dilution), anti-PDGFR-ß and anti-PDGFR-ß-P (1:200 dilution),
anti-Src (1:50 dilution), and anti-phospho-Akt (1:100 dilution),
overnight at 4˚C. IHC for Src was carried out using Avidin-
Biotin blocking (Biocare Medical, Concord, MA), followed
by goat anti-rabbit biotinylation (Biocare Medical) and
streptavadin-HRP incubation for 30 min each at room temp-
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erature. IHC for phospho-Akt was carried out using goat-
anti-rabbit biotinylation and streptavadin-HRP (Dako,
Denmark) incubation for 30 min each at room temperature. A
positive reaction was visualized by incubating the slides in
stable 3,3'-diaminobenzidine (DAB) for 10-20 min. The
sections were rinsed with distilled water, counterstained with
Gill's hematoxylin for 1 min, and mounted with Universal
Mount (Research Genetics, Huntsville, AL). Control samples
were exposed to secondary antibody alone and demonstrated
no specific staining. 

For double-staining procedures, the samples were incubated
with rat monoclonal anti-mouse CD31 antibody (human cross-
reactive; 1:400) for 18 h at 4˚C. After the samples were rinsed
for 4x3 min with PBS, they were incubated with Texas Red-
conjugated secondary goat anti-rat antibody (1:200) for 1 h at
room temperature in the dark. Immunostaining for PDGFR-ß-P
was performed after CD31 staining. Samples were incubated
with protein-blocking solution for 5 min at room temperature
and incubated with a 1:200 dilution of anti-PDGFR-ß-P
antibody for 18 h at 4˚C. The samples were then rinsed four
times with PBS for 3 min each, and the slides were incubated
with a 1:200 dilution of Alexa Fluor 488-conjugated goat
anti-rabbit IgG for 1 h at room temperature in the dark. All
samples were washed twice with PBS containing 0.1% Brij and
then washed with PBS alone for 5 min. Nuclear staining was
performed by incubating the samples with 300 μg/ml Hoechst
dye diluted in PBS for 2 min. Endothelial cells were identified
by red fluorescence, and activated PDGFR-ß was identified
by green fluorescence. Colocalization (yellow) of red-stained
endothelial cells with green-stained PDGFR-ß-P was obtained
by superimposing two images.

TUNEL was performed using a commercially available
apoptosis detection kit (Promega, Madison, WI) with the
following modifications. Samples were fixed with 4% para-
formaldehyde (methanol-free) for 10 min at room temperature,
washed twice with PBS for 5 min, and incubated with 0.2%
Triton X-100 for 15 min at room temperature. After being
washed for 2x5 min with PBS, the samples were incubated
with equilibration buffer (from the kit) for 10 min at room
temperature. The equilibration buffer was drained, and reaction
buffer containing equilibration buffer, nucleotide mix, and TdT
enzyme was added to tissue sections, which were incubated
in a humidified chamber at 37˚C for 1 h, avoiding exposure to
light. Immersing the samples in 2X SSC for 15 min terminated
the reaction, and samples were washed for 3x5 min to remove
unincorporated fluorescein-dUTP. Fluorescent bleaching
was minimized by treating slides with an enhancing reagent
(ProLong solution). 

Immunostained sections were examined using a x40
objective (Zeiss Plan-Neofluar) on an epifluorescence micro-
scope equipped with narrow bandpass excitation filters
mounted in a filter wheel (Ludl Electronic Products,
Hawthorne, NY) to individually select for green and red
fluorescence. Images were captured using a cooled charge-
coupled device camera (Photometrics, Tucson, AZ) and
SmartCapture software (Digital Scientific, Cambridge, UK)
on a Macintosh computer. Images were further processed
using Adobe Photoshop software (Adobe Systems, Mountain
View, CA). Endothelial cells were identified by red fluor-
escence, and DNA fragmentation was detected by localized

green and yellow fluorescence within the nuclei of apoptotic
cells. Quantification of apoptotic endothelial cells was
expressed as an average of the ratio of apoptotic endothelial
cells to the total number of endothelial cells in 5-10 random
0.011-mm2 fields at x400 magnification. 

Quantification of microvessel density, PCNA and absorbance.
Microvessels were quantified according to a previously
described method (50,51) in 10 random 0.159-mm2 fields at
x100 magnification. The number of PCNA-positive cells was
quantified in 10 random 0.159-mm2 fields at x100 magnific-
ation. The absorbance of 100 PDGFR-b and activated
PDGFRb-positive cells in 10 random 0.039-mm2 fields at
x100 magnification of tumor tissues was measured using
Optimas image analysis software (48). The samples were not
counterstained, so the absorbance was due solely to the product
of the immunohistochemical reaction. 

Statistical analysis. Pancreatic tumor volumes, numbers of
PCNA- and CD31-positive cells, and percentages of apoptotic
endothelial cells were compared by unpaired Student's t-test.
The incidence of liver metastasis between the groups was
compared using Fisher's exact test. 

Western blot analysis of Src and Akt phosphorylation after
treatment with GN963. Serum-starved L3.6pl cells were treated
with GN963 (0-350 μM) for 1 h and then incubated with or
without 10 ng/ml recombinant human PDGF BB for 15 min,
washed, scraped into phosphate-buffered saline (PBS)
containing 5 mM EDTA and 1 mM sodium orthovanadate,
and centrifuged. The pellet was resuspended in lysis buffer
[20 mM Tris-HCl (pH 8.0), 137 mM NaCl, 10% glycerol,
2 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 20 μM
leupeptin, and 0.15 unit/ml aprotinin], sonicated, and centri-
fuged to recover insoluble protein. Protein lysates were
separated by SDS-PAGE on 7.5% polyacrylamide gels and
transferred onto 0.45-μm nitrocellulose membranes. The
membranes were blocked with 3% bovine serum albumin in
Tris-buffered saline [20 mM Tris-HCl (pH 7.5) and 150 mM
NaCl], probed with polyclonal rabbit anti-PDGFR-ß (1:500),
polyclonal rabbit anti-phosphorylated PDGFR-ß (1:200),
monoclonal mouse anti-human c-Src antibody (1:1000), poly-
clonal rabbit anti-P-Src antibody (1:1000) in TTBS, rabbit
anti-Akt (1:1000), or rabbit anti-P-Akt antibody (1:1000). The
membranes were then incubated with sheep anti-mouse IgG
(1:2000) or horseradish peroxidase-conjugated donkey anti-
rabbit IgG (1:2000) in TTBS. Protein bands were visualized
using the ECL detection system.

Immunoprecipitation and immune complex kinase assay.
Cleared cell lysates (500 μg protein) were incubated overnight
at 4˚C with 10 μl of monoclonal anti-c-Src antibody. Immune
complex kinase assays were performed as previously described
(52). Briefly, immune complexes were formed by the addition
of 10 μl of rabbit anti-mouse IgG for 2 h, followed by 50 μl
of 10% (v/v) formalin-fixed Pansorbin (Staphylococcus aureus,
Cowan strain; Calbiochem) for 60 min. Pellets were then
washed three times in a buffer consisting of 0.1% Triton
X-100, 150 mM NaCl, and 10 mM sodium phosphate.
Reactions were initiated at 22˚C by adding 10 μCi of [Á~32P]-
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ATP, 10 mM Mg2+, and 100 μM sodium orthovanadate in
20 mM HEPES buffer to each sample. To analyze the phos-
phorylation of an exogenous substrate, 10 μg/μl rabbit muscle
enolase (Sigma-Aldrich, St. Louis, MO) was added to the
reaction buffer. After 10 min, reactions were terminated by
the addition of SDS sample buffer. Proteins were separated
by SDS-PAGE on 8% polyacrylamide gels, and radioactive
proteins were detected by autoradiography.

Results

In vitro effect of GN963 on human pancreatic cancer cells.
To determine the antiproliferative activity of GN963, L3.6pl
human pancreatic cancer cells were cultured for 3 days in
medium containing increasing concentrations of GN963 (0-
500 μm). The MTT assay revealed that the IC50 was 150 μm
(data not shown). The high concentration necessary to achieve
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Figure 1. IHC detection of activated PDGFR-ß in pancreatic tumor sections after withdrawal of GN963. L3.6pl human pancreatic cancer cells were implanted
into the pancreas of nude mice, and daily oral doses of 50, 100, or 250 mg/kg GN963 were given for 2 consecutive days. Groups of mice (n=5) were
sacrificed 15 or 30 min or 1, 2, 4, 8, 12, 48, or 72 h after cessation of therapy. The pancreatic lesions were harvested and processed for IHC, which showed
that treatment with all doses of oral GN963 inhibited phosphorylation of PDGFR-ß for up to 48 h.
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an IC50 is probably due to the low levels of expression of
PDGFRs by the L3.6pl cell line in vitro.

In vivo pharmacokinetics of GN963. Mice injected with L3.6pl
human pancreatic cancer cells were treated orally with 50,
100, or 250 mg/kg GN963 or vehicle solution alone daily
for 2 days and sacrificed at various times after the second
treatment. IHC analysis of tumor tissue using specific anti-
PDGFR-ß and anti-PDGFR-ß-P antibodies revealed that
treatment with oral GN963 at any of the three doses inhibited
phosphorylation of PDGFR-ß for up to 48 h (Fig. 1). All
tumors expressed similar levels of PDGFR-ß protein (data
not shown). These data indicate that the inhibition of PDGFR-ß
phosphorylation by GN963 requires oral administration of
the drug every 48 h. 

Effect of GN963 dose on in vivo therapy of orthotopic human
L3.6pl pancreatic tumors. We first evaluated the optimal
biological dose and therapeutic efficacy of thrice-weekly oral
administration of GN963 against human pancreatic cancer
cells growing in the pancreas of nude mice. We also determined
whether GN963 treatment is associated with downregulation
of activated PDGFR-ß on the tumor cells and tumor-associated
endothelial cells. L3.6pl cells were injected into the pancreas
of nude mice. Seven days later, groups of mice (n=10 per
group) began receiving thrice-weekly oral administration of
vehicle solution alone, twice-weekly i.p. injection of 125 mg/kg
gemcitabine, or thrice-weekly oral administration of 50, 100,
or 250 mg/kg GN963 with or without concomitant twice-
weekly i.p. injection of 125 mg/kg gemcitabine. The mice
were treated for 4 weeks and then sacrificed and necropsied.

Detailed necropsy revealed that all of the mice had tumors
in the pancreas (Table I). Thrice-weekly oral administration
of single-agent GN963 at 50 or 100 mg/kg significantly
decreased the median tumor volume compared with vehicle-
only (control) treatment. Mice receiving twice-weekly i.p.
single-agent gemcitabine or 250 mg/kg GN963 developed
smaller pancreatic tumors than control mice, but the difference
was not statistically significant. Interestingly, GN963 at 100
or 250 mg/kg significantly decreased the incidence of liver
metastasis, whereas GN963 administered at 50 mg/kg did not.
Furthermore, treatment with any dose of GN963 in combination
with gemcitabine produced the greatest decreases in median
volume of pancreatic tumors compared with control treatment.
Once again, the incidence (as determined by dissecting
microscope and histology) of liver metastasis was significantly
lower in mice treated with 100 or 250 mg/kg GN963 combined
with gemcitabine. No significant effects on the incidence of
liver metastasis were observed with GN963 administered at
50 mg/kg combined with gemcitabine. Finally, treatment
with GN963 administered alone was well tolerated by the
mice, as indicated by maintenance of body weight (Table I).
However, GN963 administered at 250 mg/kg, combined with
gemcitabine, significantly decreased body weight by 24%.
Considering the data on pancreatic tumor weight and volume,
incidence of liver metastasis, and level of toxicity as measured
by body weight, we concluded that the most effective and
safe dose of GN963 was 100 mg/kg.

To determine the biological effect of the three doses of
GN963, administered alone or in combination with gem-
citabine, pancreatic tumors from mice in all treatment groups
were analyzed by IHC for expression of PDGFR-ß and
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Table I. Treatment of orthotopically implanted L3.6pl human pancreatic cancer cells by GN963 and gemcitabine.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Pancreatic tumor
–––––––––––––––––––––––––––––––––––––––

Tumor volume (mm3) Tumor weight (g) Incidence Body weight (g)
Tumor –––––––––––––––––––––– –––––––––––––– of liver ––––––––––––––

Treatment groupa incidenceb Median Range Median Range metastasisb Median Range
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Vehicle control 10/10 1427.2 700.1-3651.2 2.7 1.2-3.4 8/10 28 26-30

Gemcitabine (125 mg/kg) 10/10 1109.5 729.2-3323.5 1.3 1.7-2.8 7/10 30 22-34

GN963 (50 mg/kg) 10/10 1097.5c 534.0-1523.5 1.0c 0.8-1.1 8/10 29 24-32

GN963 (100 mg/kg) 10/10 1043.2c 220.5-1672.3 1.1c 0.9-2.2 3/10 32 27-33

GN963 (250 mg/kg) 10/10 1324.4 676.0-1568.3 1.4 0.9-2.5 2/10 24 21-28

GN963 (50 mg/kg) + 10/10 966.0c 134.5-2075.2 0.9c 0.5-1.7 6/10 26 24-28
gemcitabine (125 mg/kg) 

GN963 (100 mg/kg) + 10/10 702.1c 79.2-998.5 1.0c 0.3-1.8 3/10 26 22-29
gemcitabine (125 mg/kg)

GN963 (250 mg/kg) + 10/10 846.8c 520.5-1322.4 0.8c 0.5-1.4 2/10 22d 21-27
gemcitabine (125 mg/kg)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aL3.6pl human pancreatic cancer cells (1x106) were injected into the pancreas of nude mice. Seven days later, groups of mice were treated
with vehicle solution, twice-weekly i.p. gemcitabine (125 mg/kg), thrice-weekly oral GN963 (50 mg/kg, 100 mg/kg or 250 mg/kg), or
combination of gemcitabine (125 mg/kg) and GN963. All mice were sacrificed on day 35. bNumber of positive mice/number of mice
injected. cP<0.005 compared to control. dP<0.01 compared to control.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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activated PDGFR-ß on the tumor cells and tumor-associated
endothelial cells. Tumors from all treatment groups appeared
to have the same pattern of PDGF BB and PDGFR-ß. How-
ever, the expression of activated PDGFR-ß was significantly
reduced in tumors from mice treated with GN963 alone or in
combination with gemcitabine than in tumors from mice treated
with vehicle alone or gemcitabine alone. Fig. 2 shows the
expression patterns in tumors from mice treated with GN963
in combination with gemcitabine. 

In a previous study (12), we found that double immuno-
fluorescence staining identified activated PDGFR-ß on endo-
thelial cells in human pancreatic adenocarcinoma specimens
and liver metastases from primary pancreatic cancer. We
therefore used a double immunofluorescence staining technique
to examine the expression of activated PDGFR-ß on endo-
thelial cells in pancreatic tumors from mice in all treatment
groups. Tumors from control (vehicle-treated) mice showed
significant colocalization of CD31 and PDGFR-ß-P (Fig. 2),
indicating the presence of activated PDGFR-ß on endothelial
cells. This expression was significantly lower in tumors from

mice in all GN963 treatment groups (as compared to control
mice). Not surprisingly, the lowest expression of activated
PDGFR-ß by endothelial cells was found in tumors from mice
treated with GN963 in combination with gemcitabine (Fig. 2). 

Optimal biological dose of GN963 and gemcitabine for therapy.
In the next set of experiments, we determined whether admin-
istration of the optimal biological dose of GN963 (100 mg/kg)
combined with gemcitabine would produce additive or syner-
gistic therapeutic effects on pancreatic tumors. Groups of
nude mice (n=10 per group) received injection of L3.6pl
human pancreatic cancer cells into the pancreas. One week
later, when the tumors were well established, the mice began
receiving thrice-weekly oral administration of vehicle solution
(control group), twice-weekly i.p. injection of 100 mg/kg
gemcitabine alone, thrice-weekly oral administration of
100 mg/kg GN963, or GN963 combined with gemcitabine.
The mice were treated for 4 weeks, at which time all mice
were sacrificed and necropsied. The data from one represent-
ative experiment (of two) are summarized in Table II. There
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Figure 2. IHC detection of PDGF BB, PDGFR-ß and activated PDGFR-ß. Pancreatic tumors were harvested from nude mice after 4 weeks of treatment with
vehicle solution or thrice-weekly oral GN963 (three different doses) + twice-weekly i.p. gemcitabine. Pancreatic tumors in mice from all treatment groups had
similar expression levels of PDGF BB and PDGFR-ß. There was a significant decrease in activation of PDGFR-ß in tumors from mice treated with GN963.
Frozen sections of the tumors were stained for PDGFR-ß-P (green) and the endothelial cell marker, CD31/PECAM (red). The expression of activated
PDGFR-ß on tumor cells and tumor-associated endothelial cells was lower in all GN963 + gemcitabine treatment groups than in the control group. Yellow
staining indicates PDGFR-ß-P-positive endothelial cells.
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were no significant changes in body weight in any of the
treatment groups. Treatment with gemcitabine alone did
not result in significantly lower pancreatic tumor volumes
compared with control treatment. Mice treated with single-
agent GN963 had significantly smaller pancreatic tumors
than did control mice, but the most significant difference in
pancreatic tumor volumes was observed between control
mice and mice treated with GN963 and gemcitabine. 

To further characterize and determine the biological effects
of treatment with 100 mg/kg GN963, alone or in combination
with gemcitabine, pancreatic tumors from mice in different
treatment groups were processed as either paraffin-embedded
or frozen sections for IHC. All tumors were analyzed for
expression of PDGFR-ß activated PDGFR-ß and CD31/
PDGFR-ß-P. Tumors from all mice expressed similar levels
of PDGFR-ß. The expression of activated PDGFR-ß, however,
was significantly lower in tumors from mice treated with
GN963, both alone and combined with gemcitabine, than in

tumors from control mice (Fig. 3). Immunofluorescence
double-labeling of tumors for CD31 expression and PDGFR-
ß-P revealed colocalization in endothelial cells in tumors
from mice treated with vehicle or gemcitabine alone. Endo-
thelial cells in tumors of mice treated with GN963 alone or in
combination with gemcitabine expressed significantly lower
levels of PDGFR-ß on their surfaces. 

We also analyzed cell proliferation, microvessel density,
and endothelial cell apoptosis using anti-PCNA and anti-CD31/
PECAM-1 antibodies and CD31/TUNEL double labeling,
respectively. The IHC data summarized in Table III show
that the inhibition of tumor growth observed in mice treated
with thrice-weekly oral GN963, alone or in combination with
twice-weekly i.p. gemcitabine, was accompanied by a
significant reduction in tumor cell proliferation and tumor
vascularization. The number of proliferating tumor cells and
the density of microvessels were significantly lower in tumors
from control mice than in tumors from mice treated with the
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Table II. Therapy of L3.6pl human pancreatic adenocarcinoma cells growing in the pancreas of nude mice.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Pancreatic tumors
–––––––––––––––––––––––––––––––––––––
Tumor volume (mm3) Tumor weight (g) Incidence Body weight (g)

Tumor ––––––––––––––––––– ––––––––––––––– of liver ––––––––––––––
Treatment groupa incidenceb Median Range Median Range metastasisb Median Range
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Vehicle control 10/10 1765.7 758.2-2331.1 1.5 0.7-2.8 6/10 30 22-34

Gemcitabine (100 mg/kg) 10/10 1030.0 546.7-1872.7 0.8 0.4-1.9 5/10 28 22-34

GN963 (100 mg/kg) 10/10 839.0c,d 84.5-1922.5 0.7c,d 0.2-1.2 1/10 25 23-28

GN963 (100 mg/kg) + 10/10 330.0e 105.9-526.5 0.4e 0.3-0.9 0/10 28 21-30
gemcitabine (100 mg/kg)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aL3.6pl human pancreatic cancer cells (1x106) were injected into the pancreas of nude mice. Seven days later, groups of mice were treated
with vehicle solution, twice-weekly i.p. gemcitabine (100 mg/kg), thrice-weekly oral GN963 (100 mg/kg), or combination of gemcitabine
(100 mg/kg) and GN963 (100 mg/kg). All mice were sacrificed on day 35. bNumber of positive mice/number of mice injected. cP<0.005
compared to control. dP<0.4 compared to gemcitabine alone. eP<0.0005 compared to control or gemcitabine alone.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. IHC analysis of dividing tumor cells, endothelial cells and apoptotic endothelial cells, after treatment with GN963
and gemcitabine.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Tumor cells Endothelial cells
–––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––

Treatment groupa PDGFR-ß+b PDGFR-ß-P+b PCNA+c CD31+d %TUNEL+e

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Vehicle control 298±28 125±20 489±38 62±3 0±0

Gemcitabine (100 mg/kg) 322±21 112±16 198±17 32±2 2±1

GN963 (100 mg/kg) 289±26 40±11f 36±8f 7±3f 8±4f

GN963 (100 mg/kg) + 300±25 28±7f 18±4f 3±1f 12±8f

gemcitabine (100 mg/kg)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aL3.6pl human pancreatic cancer cells (1x106) were injected into the pancreas of nude mice. Seven days later, groups of mice were treated
with vehicle solution, twice-weekly i.p. gemcitabine (100 mg/kg), thrice-weekly oral GN963 (100 mg/kg), or gemcitabine (100 mg/kg) and
GN963 (100 mg/kg). All mice were sacrificed on day 35. bMean ± SD absorbance, determined as described in Materials and methods.
cNumber (mean ± SD) of PCNA+ tumor cells per field in 10 random 0.159-mm2 fields at x100 magnification. dNumber (mean ± SD) of
CD31+ cells per field in 10 random 0.159-mm2 fields at x100 magnification. ePercentage (mean ± SD) of CD31/TUNEL+ cells (out of total
number of cells) in 10 random 0.011-mm2 fields at x400 magnification. fP<0.005 compared to control
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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combination therapy (Fig. 4 and Table III). Finally, tumors
from mice treated with GN963 alone or in combination with
gemcitabine had a significantly greater percentage of apoptotic
endothelial cells than tumors from gemcitabine-treated or
control mice.

Inhibition of Src and Akt phosphorylation. The observation
that Src can be activated in response to PDGF suggests that it
contributes to PDGF-dependent responses (39,53-57). Src is
activated in more than 70% of primary human pancreatic
adenocarcinomas (58) and several studies have demonstrated
that Src activity can directly or indirectly regulate members

of the MAP kinase family as well as PI3 kinase activity
(42,43,45,59-61). Therefore, we next examined the ability of
the PDGFR inhibitor, GN963, to inactivate Src and Akt (as a
PI3K kinase substrate) signaling. In vitro treatment of L3.6pl
cells with increasing doses of GN963 (0-300 μM) reduced
the amount of activated PDGFR-ß, activated Src and activated
Akt (Fig. 5A), suggesting a link between the effects of GN963
at the membrane level and activated Src-induced control of
PDGFR signaling pathways. The minor increase in the activity
of Src and Akt upon stimulation with PDGF BB illustrates
that there are constitutively high levels of activated Src (and
Akt) in L3.6pl human pancreatic cancer cells. Moreover, there
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Figure 3. IHC detection of PDGFR-ß and activated PDGFR-ß and immunofluorescence double-labeling analysis of pancreatic tumors in an orthotopic nude
mouse model treated with GN963. Pancreatic tumors were harvested from nude mice after 4 weeks of treatment with vehicle solution, twice-weekly i.p.
gemcitabine alone, thrice-weekly oral GN963 (100 mg/kg) alone, or a combination of GN963 + gemcitabine. The expression level of PDGFR-ß was similar
among all treatment groups. The expression level of activated PDGFR-ß in the tumor cells and tumor-associated endothelial cells was significantly decreased
in tumors from mice treated with GN963. Frozen tumor sections were stained for activated PDGFR-ß-P (green) or CD31 (red). Yellow indicates PDGFR-ß-P-
positive endothelial cells, which were seen only in mice treated with vehicle or single-agent gemcitabine.

125-138  1/6/06  13:00  Page 133



appears to be constitutively activated PDGFR-ß (albeit to a
lesser degree in vitro than in vivo), which could contribute to
the high levels of activated Src. The level of PDGFR, Src or
Akt protein did not vary in response to treatment. Moreover,
exposure of the cells to GN963 caused a dose-dependent
reduction in Src activity, as shown by an immunocomplex
kinase assay (Fig. 5B). 

To demonstrate the ability of GN963 to disrupt Src and
PI3K/Akt activity in vivo, we examined the expression of Src,
activated Src (P-Src), and activated Akt (P-Akt) on pancreatic

tumor cells growing in the pancreas of nude mice. Consistent
with the in vitro results, IHC analyses revealed that activated
Src and activated Akt were reduced in pancreatic tumors treated
with GN963, alone or in combination with gemcitabine (Fig. 6).

Discussion

Several studies emphasize the significant contribution of
PDGFR signaling and Src activation to the progressive
growth of human pancreatic cancer and provide a rationale

BAKER et al:  BLOCKADE OF PDGFR AND Src SIGNALING134

Figure 4. IHC analysis of cell proliferation, microvessel density, and tumor and endothelial cell apoptosis in L3.6pl pancreatic tumors from mice treated with
GN963 and/or gemcitabine. Pancreatic tumors were harvested after 4 weeks of treatment, and sections were stained for PCNA or CD31/PECAM-1 (brown) or
double-labeled for CD31 (red) and TUNEL (green). Tumors from mice treated with GN963 alone or with GN963 + gemcitabine had markedly fewer PCNA-
positive cells and CD31-positive endothelial cells, in direct relation to the induction of apoptosis. Yellow indicates apoptotic endothelial cells. 
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for selecting inhibitors of the PDGFR and Src kinases. In
addition, recent reports have shown that Src regulates pan-
creatic tumor progression through the activation of several
key signaling molecules, including Akt and Erk-1/2/MAPK,
which are essential for pancreatic tumor cell survival and
increased metastatic potential (40-46). In the present study, we
confirm that targeting the PDGFR on pancreatic tumor cells
and tumor-associated endothelial cells can produce significant
therapeutic benefits. Oral administration of GN963, a novel
PDGFR inhibitor, significantly inhibited the phosphorylation
of PDGFR-ß (but not the expression of PDGF BB and
PDGFR-ß) on pancreatic tumor cells and tumor-associated
endothelial cells. Also, the activity of Src and Akt were
significantly reduced in pancreatic tumors treated with this
novel PDGFR inhibitor. 

In a previous study of ours, IHC analysis revealed that all
human pancreatic adenocarcinoma specimens tested were
positive for PDGF ligands and receptors, that >90% of pan-
creatic cancer expressed activated PDGFR, but that only 10%
of adjacent nonmalignant pancreatic tissue samples were

positive for activated PDGFR (12). Furthermore, levels of
PDGFR-· and PDGFR-ß in lysates obtained from pancreatic
tumors growing in the pancreas of nude mice were higher
than levels in cultured cancer cells, implying that the tumor
microenvironment and in vivo mechanisms are responsible
for an autocrine loop that promotes the growth of pancreatic
cancer (8,13). In addition, the presence of activated PDGFR
on endothelial cells in human pancreatic cancer specimens
indicates a paracrine mechanism of activation (12). 

In this study, we show that, under in vitro and in vivo
conditions, control and GN963-treated L3.6pl human pancreatic
cancer cells expressed similar levels of activated PDGFR and
Src, but treatment with GN963 inhibited the activation of
PDGFR and Src. The PDGFR on tumor cells was rephos-
phorylated 48 h after cessation of GN963 treatment (Fig. 1).

All three doses (50, 100 and 250 mg/kg) of oral GN963,
administered thrice-weekly in combination with twice-weekly
gemcitabine, produced equivalent therapeutic effects against
primary tumors (Table I). The most significant decrease in
the incidence of liver metastasis was produced by GN963 at
does of 100 and 250 mg/kg. However, the administration of
250 mg/kg GN963 in combination with gemcitabine produced
a 24% loss in body weight, whereas GN963 at 100 mg/kg did
not. Therefore, we chose GN963 at 100 mg/kg as the optimal
biologically effective dose (Table I). 

L3.6pl cells growing in the pancreas of nude mice were
relatively resistant to treatment with gemcitabine (Table II).
The combination of gemcitabine with the optimal biological
dose of GN963 (100 mg/kg) reduced tumor growth by nearly
81% (P<0.00055). This therapeutic effect was significantly
better than that of treatment with GN963 alone (52%, P<0.005).
In addition, GN963 plus gemcitabine completely inhibited the
incidence of liver metastasis. Oral treatment with GN963
inhibited the phosphorylation of PDGFR-ß (but not its expr-
ession) on tumor cells and tumor-associated endothelial
cells. Compared to control mice, mice treated with GN963
plus gemcitabine had significantly fewer proliferating tumor
cells and significantly higher apoptosis of tumor and tumor-
associated endothelial cells, leading to decreased microvessel
density. 

Preclinical studies of human pancreatic cancer have
demonstrated that the antitumor efficacy of gemcitabine can
be enhanced by additional treatment with inhibitors of tyrosine
kinase receptors (12,17-21). Activation of PDGFR has been
shown to activate Src and PI3K/Akt signaling, which causes
an increase in resistance to apoptosis and thereby serves as a
survival mechanism for tumor-associated endothelial cells
(53,62-65). Tumor-associated endothelial cells divide up to
2,000 times faster than endothelial cells of normal tissue
(66); inhibition of their survival mechanisms by the PDGFR
inhibitor, GN963, would make them more susceptible to
chemotherapy. We therefore hypothesize that inhibition of
Src and Akt kinase function through PDGFR inhibition will
enhance the antitumor effect of gemcitabine in pancreatic
cancer. Indeed, in the present study, treatment of pancreatic
cancer cells growing in the pancreas of nude mice with
GN963 increased their sensitivity to the anticycling agent,
gemcitabine, thereby supporting the hypothesis that PDGF is
a survival factor for tumor cells and tumor-associated endo-
thelial cells. Even more notable was the finding that treatment
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Figure 5. In vitro PDGFR, Src, and Akt Activity. A, inhibition of PDGFR,
Src, and Akt activity by GN963. L3.6pl human pancreatic carcinoma cells
were incubated for 60 min in serum-free medium (control) or medium
containing 0-350 μM GN963. Cultures were then stimulated for 15 min with
PDGF BB, washed, and refed with serum-free medium. The levels of
PDGFR protein, Src protein, P-Src, Akt protein, and P-Akt were determined
by Western blotting. Expression of PDGFR, Src, or Akt did not vary among
the groups, but GN963 inhibited the phosphorylation of Src and Akt. B,
inhibitory effect of increasing concentrations of GN963 on Src kinase
activity in L3.6pl human pancreatic carcinoma cells. Cell lysates containing
500 μg of protein were incubated with anti-Src antibody, and immune
kinase complex assays were performed as described in Materials and
methods.
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with GN963 alone or in combination with gemcitabine resulted
in significantly lower levels of activated Src and Akt on pan-
creatic tumor cells (Fig. 6). 

Our current results are the first to show that the PDGFR
tyrosine kinase inhibitor, GN963, has an inhibitory effect on
human pancreatic cancer growing in the pancreas of nude
mice. Furthermore, the levels of activated Src and Akt were
significantly decreased. Whether these effects were due to
direct or indirect mechanisms remains unclear. Nonetheless,
Src has emerged as an attractive candidate molecule for targeted
therapies, and several small-molecule inhibitors of Src family
kinases have been developed (40-46,67,68) to inhibit pancreatic
tumor growth and metastasis, with an emphasis on combination

therapies with standard chemotherapeutic agents (46). The
data from those studies, coupled with the data presented here,
suggest that the inhibition of Src and Akt subsequent to PDGFR
inhibition represents an important target for therapy for human
pancreatic cancer.

In summary, human pancreatic cancer cells growing in the
pancreas of nude mice produce high levels of PDGF, which
can activate the PDGFR on both tumor cells (autocrine) and
tumor-associated endothelial cells (paracrine). The selective
inhibition of PDGFR with GN963 can nullify PDGF-induced
activation of PDGFR and downstream signaling and, moreover,
can significantly sensitize pancreatic cancer cells and the tumor
vasculature to the cytotoxic effects of gemcitabine. In addition,
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Figure 6. IHC detection of Src, activated Src, and activated Akt on tumor cells in L3.6pl pancreatic tumors from mice treated with GN963 and/or gemcitabine.
Pancreatic tumors were harvested after 4 weeks of treatment, and sections were stained for Src (DAB), P-Src (green), and P-Akt (DAB). Tumors from all
treatment groups stained positively for Src, but only tumors from mice treated with vehicle or gemcitabine alone stained positively for P-Src. Tumor cells
from mice treated with GN963 alone or in combination with gemcitabine had significantly lower expression of P-Akt. 
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interfering with Src and Akt activity could result in the
repression of other molecules required for invasion and
metastasis. Collectively, our findings recommend further
development of GN963 as a therapy for human pancreatic
cancer.
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