British Journal of Cancer (2001) 84(7), 926-935
© 2001 Cancer Research Campaign ® )
doi: 10.1054/ bjoc.2000.1698, available online at http://www.dealibrary.com on | DE L http://www.bjcancer.com

Pancreatic cancer cells require an EGF receptor-
mediated autocrine pathway for proliferation in serum-
free conditions
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Summary In-vitro and in-vivo studies have shown that autocrine growth factors and receptors are frequently expressed in human
malignancies. Few of these studies, however, provide evidence that the identified autocrine pathway is functional. In this study, a functional
autocrine growth pathway in pancreatic cancer has been identified using an in-vitro cell culture system. When pancreatic cancer cells were
grown without change of medium, proliferation was greater than when either medium was replaced frequently (HPAF, CAPAN-2, PANC-1 or
SW1990) or cells were grown in the presence of the EGF receptor tyrosine kinase inhibitor AG1478 or the MEK inhibitor PD098059 (HPAF or
CAPAN-2). Activity of extracellular-regulated kinases (ERK) 1 and 2 and c-jun and c-fos mMRNA levels were significantly elevated in CAPAN-
2 cells cultured continuously in serum-free medium. Collectively, the observations indicate that the EGF receptor and the ERK MAP kinase
pathway mediate autocrine signals. In contrast to previous reports, the GRP and IGF-I receptors were shown not to be required for autocrine
effects on pancreatic cancer cell proliferation. Autocrine stimulation of the EGF receptor can contribute to sustained mitogenic activity and
proliferation of pancreatic cancer cells. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Human pancreatic carcinoma is an extremely aggressive diseag@hmura et al, 1990) produces modest effects on cell proliferation.
that currently is the fourth leading cause of cancer death in maldsis possible that stimulation of growth pathways by endogenous
and females in the USA (Landis et al, 1999). Several studies haggowth factors, produced by cells in culture, could explain the
shown that genes such @&3 Ki-ras, pl16 and DPC4 are poor response to exogenous factors. In the current study, we have
frequently mutated in this cancer (Apple et al, 1996; Hahn et ainvestigated the relative importance of different autocrine growth
1996; Lynch et al, 1996). These genetic aberrations are similar fgathways in pancreatic cancer. The results presented below indi-
those detected in other human cancers and are unlikely to be thate that growth factor receptors and ligands expressed by pancre-
reason why pancreatic cancer is more aggressive than others. ltaisc cancer cells do not necessarily constitute a functional
possible that activation of mitogenic pathways by autocrineautocrine growth pathway in vitro.
growth factors contributes to the devastating nature of pancreatic
cancer (Korc, 1991). MATERIALS AND METHODS
Autocrine growth can occur when a cell co-expresses a
membrane-bound growth factor receptor and soluble ligand(s) for
this receptor. Over the past decade, a variety of autocrine grow
pathways have been implicated in the pathogenesis of humdPorcine heparin was obtained from Sigma Chemical Company
cancers. Techniques such as radioligand binding analysis, coluni§t. Louis, MO). Recombinant human EGF, T&G&d amphireg-
chromatography and immunohistochemistry have demonstratadin (long form) were from Intergen (Purchase, NY). The EGF
the presence of receptors and ligands in tumour tissues and in cedceptor tyrosine kinase inhibitor AG1478 and the MEK inhibitor
lines. In pancreatic cancer cells, these receptors and ligands &@®098059 were obtained from Calbiochem (La Jolla, CA) and
thought to collectively provide the cell with a trophic signal (Korc, dissolved in dimethyl sulphoxide. The final concentration of
1991; Wang et al, 1996). Previous studies have demonstrated ttstlvent in the well was not more than 0.1% (shown to have no
exposure of these cells to recombinant growth factors such asfect on proliferation). The TGFneutralizing polyclonal anti-
transforming growth factar (TGFa) (Korc, 1991), amphiregulin - serum was purchased from R&D Systems (Minneapolis, MN).
(Munehiro et al, 1994) or insulin-like growth factor-1 (IGF-I) The amphiregulin-neutralizing monoclonal antibody, 16.21.28,
was provided by Dr Bruce Cohen, Bristol Myers Squibb (Seattle,
WA) and the IGF-I receptor monoclonal antibodyR3 (Kull et

aterials

Received 11 May 2000 al, 1983), was provided by Dr. Steve Jacobs (Burroughs Wellcome
Revised 19 December 2000 Co., Research Triangle Park, NC). The GRP receptor antagonist
Accepted 21 December 2000 RC-3950-11 and the synthetic human EGF B-loop analogue,
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previously described (Otvés et al, 1994; Qin et al, 1995). Alland the cells were washed with phosphate buffer (B00The
reagents used to immunoprecipitate and assay ERK1 and ERK®propriate serum-free medium (2 ml) was then added to each
activity were supplied by New England Biolabs Incorporatedwell. In control experiments, cells continued to receive fresh
(Beverly, MA) and used as described in the kit instruction manuaserum-free medium every 12 hours (Figure 1). Otherwise, cells
(version 1.3). The Prism Ready Reaction DyeDeoxy Terminatoremained in the same medium for the duration of the experiment
Cycle Sequencing Kit was purchased from Perkin Elmer (Fostefcontinuous culture). Inhibitors used to implicate specific recep-
City, CA). AmpliscribeT7 RNA polymerase solution, nucleotide tors or ligands in the autocrine process were added to medium at
triphosphates and dithiothreitol were obtained from Epicentethe beginning of the continuous culture. For cell cycle analysis,
Technologies (Madison, WI). RT-PCR reagents were purchaseHRK1 and ERK2 assays andasand cjun mRNA quantification,
from Perkin Elmer (Foster City, CA). CAPAN-2 cells (1.5 million) were cultured in T-25 culture flasks
for different times and processed as described below.

Receptor binding

Analysis was performed as described previously (Wang et al,H-methyl] thymidine incorporation

1996). Cells were harvested, resuspended in binding buffer angk the end of incubations, medium was removed and cells were
seeded in 96-well filter plates (100000 cells per wel]{  washed with phosphate buffer. Cells were incubated withu560
labelled EGF, GRP, IGF-I or insulin (20 000 cpm) was added tq3H-methy] thymidine solution (0.5 mCi wef) for 2 hours at
each well along with various concentrations of unlabelled EGF37°C. After the labelling period, the cells were precipitated with
bombesin or insulin. Filter plates were incubated at 37°C in aglacial acetic acid:methanol (1:3, v/v) and then washed with a
atmosphere of 5% CQJor 120 minutes. Binding was terminated solution of 80% (v/iv) methanol in water. DNA in the acid-
by rapid filtration using a 96-well plate vacuum manifold. Theinsoluble fraction was dissolved by addition of 0.5 M NaOH (300

individual wells were subsequently washed twice with @56f  |1l) and radioactivity contained in aliquots (10 was counted in
ice-cold wash buffer and the cell-surface-associated radioactivity liquid scintillation counter (LKB Wallac, Turku, Finland).

was counted.

. ) Cell number
Gel chromatography of TGF a, bombesin and IGF-I-like
immunoreactivity in conditioned medium The number of cells in each well was determined by harvesting the

) ) - ) cells with trypsin-EDTA solution (500! well%) and counting
The peptide fraction of HPAF conditioned medium (1L) wasqgs in an aliquot (10Ql) on a Z1 Coulter Counter (Coulter
adsorbed on a SepPak cartridge and eluted with a solution (2 Mjengific Instruments, Hialeah, FL).
of 30% acetonitrile in water containing 0.1% trifluoroacetic acid.
This solution (10Qul) was applied to a Superdex Peptide HR10/30
size exclusion column (0.5 ml min 0.6 Mpa) which had been Cell cycle analysis
equnlbrgted with the same sqlvent. Recombinant hum.anaTGF Cells were cultured as described above and harvested with trypsin-
synthetic mammalian bombesin analogues and recombinant IGF= DTA solution (2 ml) which was then diluted with phosphate
were similarly chromatographed. Peptide-like immunoreactivity inbuffer (5 ml). Samples were centrifuged at 1@0@r 10 minutes

column fractions was measured using specific radioimmunoasénd pellets resuspended in phosphate buffer @00ce-cold
says. The .TGG and IGF-I assays show no significant cross- ethanol (1 ml) was added to each cell suspension, which was ther
reactlvny with other growth factor; (S"””“?a“ et al., 1994). Thein ubated for 12 hours at 4°C. Tube contents were centrifuged at
bombesm_assay measures gastrin-releasing peptide (GRP) g for 10 minutes and the resultant pellets were washed with
neuromedin C (NMC) equally (Wang et al, 1996). phosphate buffer (1 ml). Following centrifugation at Bpfr 10
minutes, pellets were reconstituted in the Telford reagent (1 ml)
Cell culture and shaken for 12 hours in the dark at 4°C. Fluorescence emissior

. between 580 nm and 750 nm was determined using a FACScan.
HPAF, CAPAN-2, SW1990 and PANC-1 cells were obtained from
the American Type Culture Collection (Rockville, MD). The
HPAF cells used in this study had been adapted to serum-frammunoprecipitation and Western blot analysis
culture and were routinely maintained in IMDM. McCoy's 5A

Medium (CAPAN-2), L-15 Medium Leibovitz (SW1990), or \ o i lysis buffer (500l) on ice for 1 min and snap-frozen

DMEM (PANC-1 di | ted with 10% fetal o .
( ) media were supplemented wi o ‘et on liquid nitrogen. The thawed samples were collected using a cell

bovine serum. All cell culture media contained 1% antibiotic- ; r and sonicated 3 times on ice. Lvsates were clarified b
antimycotic solution and all the cell lines were cultured at 37°C jpcraper and sonicate 4 y

a humidified sterile atmosphere of 5% (&cept SW1990, which centnfugat!on _at 12 00@ for 10 mlnute_s at 4 C and p_roteln
was grown in a CQfree environment. Each series of eXperimemsconcentratlon in the samples was determined using the BioRad DC
was performed on cells within 5 paséages protein kit. ERK1 and ERK2 were immunoprecipitated from

lysates and assayed for activity according to the manufacturer.

Cells were washed with ice-cold phosphate buffer (5 ml), incu-

Growth studies

HPAF, PANC-1, SW1990 (35000 weé)l or CAPAN-2 cells
(50 000 welt?) were seeded in 24-well plates and grown for 72The phosphormidite method of olignonucleotide synthesis was
hours in the above culture conditions. Media were then removedsed to synthesize primers for RT-PCR ofos-(forward:

Quantitative RT-PCR

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(7), 926-935
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5-ACCAGTCCGGACCTGCAGTGG-3reverse: 5GCGGCATT- (Figure 2). Cell number also increased significantly after 96 and
TGGCTGCAGCCATC-3) or gun (forward: 3-CTGTCCCCCAT- 120 hours but not after 72 hours (Figure 2ji-fnethy] thymi-
CGACATGGAGT-3;reverse:5AAGGAGTACTACAGAAGC- dine incorporation into HPAF cells, receiving fresh serum-free
ATCTAC-3') mRNA. Competitor RNA molecules for fos or medium every 12 hours, during a 120-hour time course, did not
c4jun were produced by PCR-amplifying sequences from thesignificantly change (72 h, 4580 + 480 cpm; 96 h, 4660 + 780
pGL2 basic plasmid (fes 1470-1588, ¢un; 1063-1619) and cpm; 120 h, 5330 £ 620 cpm). Frequent changes of medium
cloning them into pCR2.1. The recognition sequences for thalso had a significant inhibitory effect on the proliferation of
primers listed above were also engineered into these sequenc€APAN-2, SW1990 and PANC-1 pancreatic cancer cells
Clones were sequenced to verify correct insert orientation and théR < 0.01,n = 6).

transcribed in vitro using T7 RNA polymerase (AdLDNA per

incubation). The transcription template (pCR2.1) was eliminated

with DNase | (verified by PCR analysis) and RNA remaining WasEGF receptor function is required for autocrine growth
precipitated using 2.5 M ammonium acetate. Competitor RNAfactor action in pancreatic cancer cells

was first quantified by measuring the absorbance at 260 nm and | ) o o
then stored at —80°C. Quantitative analysis dbsor c{un The increase irfifl] thymidine incorporation into HPAF DNA due to

mRNAs was performed by incubating a sample of total cellulasOluble endogenous growth factors was completely inhibited by the
RNA (0.5ug) with various amounts of competitor RNA as indi- EGF receptor tyrosine kinase inhibitor, AG1478 or an EGF analogue,
cated in the legend to Figure 7. The mRNA and competitor RNAADU?*INEGF(20-31)-NH (Figure 3A). Both AG1478 and

were co-reverse transcribed and amplified using either thgag- ~ [APU**INEGF(20-31)-NH inhibited thymidine incorporation in a
c-jun primer pairs. concentration-dependent manner (Figure 4A and C, respectively).

In contrast, the GRP receptor antagonist, RC3950-Il, or the IGF-I
) receptor blocking antibodyIR3, had no effect on the thymidine
Data analysis incorporation into cells cultured continuously for 4 days (Figure 3A

Statistical analysis of data was performed using a paired analy<¥9d B). ThedH] thymidine incorporation into HPAF cells cultured in
of variance with Dunnett's multiple comparisons test as a post-te{f€¢ Presence of 1M AG1478 was lower than that into cells
for individual comparisons to appropriate control data. Digital®C€Ving fresh serum-free medium every 12 hours. AG1478 also
analysis of GST-Elk-1 phosphorylation and quantitative RT_PCRS|gn|f|cantIy reduced the number of HPAF cells grown continuously
reaction products was performed using the UV Gel Documentd®’ 96 hours < 0.05,n =5; data not shown). When HPAF cells
tion System. For the later, the lgof the CRNA/MRNA band ~\Were exposed to 1 nM EGF after 72 hours of continuous culture in
intensity was plotted against the Jogf the cRNA concentration serum-free medium?Hl] thymidine incorporation increased signifi-

of each reaction tube. Linear regression analysis of the data poirfiéntly (Figure 4B and D). This increase was completely prevented
was performed using the Prism Il software package. The inverdd) 10MM AG1478 (Figure 4B) or [ABH]EGF(20-31)-NH

log,, of the x-intercept corresponded to the amount of mRNA in(Figure 4D).

the total RNA analysed and mRNA levels were expressed as Affinity-purified anti-TGFa 1gG had no significant effect on the
moles pepg of total RNA. [®H] thymidine incorporation into HPAF cells cultured continu-

ously (Figure 5A) but did inhibit incorporation induced by exoge-
nous TGk (Figure 5B). In contrast, when cells were cultured

RESULTS continuously in the presence of hepar#hi] fthymidine incorpora-

tion was inhibited in a concentration-dependent manner (Figure
HPAF cells express components for different autocrine 5C). Heparin had no effect on EGF-inducd][thymidine incor-
growth pathways poration into HPAF cells but did inhibit the growth effect observed

The binding of P]-EGF, -GRP or IGF-I to HPAF cells was with recombinant amphiregulin (data not shown). The amphireg-

specific and could be competitively prevented with unlabelledlin monoclonal antibody, 16.21.28, significantly inhibited the
ligand (Figure 1A—C). Approximately 100-fold more unlabelled Incorporation of {H] thymidine into these cells (Figure 5D).
insulin was required to inhibit the binding of¥]-IGF-I than

[*?9]-insulin to HPAF cells (Figure 1C). The chromatographs

for gel permeation analysis of the peptide fractions fromAutocrine activation of EGF receptors leads to
HPAF-conditioned medium showed that T(FGRP and IGF- ERK1/ERK2 activation

1:-(')'Ir(ree;::)nonrqlsirr]%reag:t%t\izeriei:?ittjid I?Fitgjresan;eDE%S'tlchﬁlit‘?:l'he cell permeable inhibitor of MEK1/2, PD098059, significantly
. > : ; ) . inhibited the proliferation of HPAF cells (Figure 6A). The prolifer-
|mmunoreat_:t|V|ty was de_tected N a major peak cc_)rrespondmg tgtion of CAPAN-2 cells cultured continuously in serum-free
Se?zr)orizginl% (aFiEr;:leé)rlEl;nmunoreactlve peak with the of medium was completely inhibited by PD098059, as well as to
' AG1478 (Figure 6B). To detect changes in ERK-MAPK activation
in CAPAN-2 cells, culture conditions were scaled up. Although
exogenous EGF had nsignificant effect on the activity of
ERK1/ERK2 in CAPAN-2 cells, PD098059 significantly inhib-
ited the activity of ERK1/ERK2 in CAPAN-2 cells cultured
The PH] thymidine incorporation into HPAF cells after 72, 96 continuously in serum-free medium. Using conditions identical
and 120 hours of continuous culture was significantly higheto those for Figure 6C, the proportion of CAPAN-2 cells in S
than into cells receiving fresh serum-free medium every 12 hourghase after 6 hours of continuous culture in serum-free medium

Frequent change of medium prevents autocrine growth
stimulation

British Journal of Cancer (2001) 84(7), 926-935 © 2001 Cancer Research Campaign



was inhibited by AG1478 or PD098059 (Figure 6D)

Autocrine activation of EGF receptors increases
expression of AP-1 genes
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The steady-state level offesand cjun mMRNA in CAPAN-2 cells
cultured continuously in serum-free medium increased transiently
and after 6 hours, the mRNA levels returned to those measured in
cells at the start (Figure 7A and B). When cells were cultured in
the presence of AG1478 or PD098059, the leved-jpin MRNA
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Figure 1 HPAF cells express the components for an EGF, GRP or IGF-I autocrine growth pathway. Competitive binding analysis (A—C) was performed as
described in the Methods. In panel C, the binding of [*?I]-IGF-I (solid symbols) or [*?*[]-insulin (open symbols) to HPAF cells was competed with unlabelled
insulin. Gel permeation of HPAF conditioned medium (D-F) was performed as described in the Methods. The void (V) and total volumes (V,) of the Superdex
Peptide column are indicated. The positions where recombinant TGFa, GRP, NMC or IGF-I elute from the column are indicated
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was reduced to baseline levels (Figure 7C). The levelsfa$ c- IGF-I receptors were also present in HPAF-conditioned medium.
mRNA after one hour of culture was similarly reduced byThese observations suggest that several autocrine gpaitvays
PD098059 or AG1478 (data not shown). FACs analysis showedctively promote the proliferation of HPAF cells in vitro. When
the distribution of cells in S phase increased with time of culture ipancreatic cancer cells received frequent changes of medim, [
serum-free medium, peaking after 9 hours (data not shot#j). [ methy] thymidine incorporation and cell numbers were decreased,
thymidine incorporation similarly increased with time, reaching aindicating that ligands such as TGFGRP or IGF-I potentially
maximum at 12 hours and decreasing thereafter (Figure 7D). Imediate autocrine stimulation of cells. Sinéd-fmethy] thym-
contrast, when cells were cultured in a larger volume of mediumidine incorporation did not change in cells that received frequent

20 ml rather than 4 ml, the peak 8H] thymidine incorporation
was sustained for a longer period (20—36 hours).

medium changes, it seems likely that this approach is successful
for making pancreatic cancer cells quiescent in vitro. Thus, the cell
culture system employed here revealed a direct role for autocrine
growth factors in the proliferation of pancreatic cancer cells.

DISCUSSION
In this study, the role of different autocrine growth factor pathways
in the proliferation of human pancreatic cancer cells was exan A I ns
ined. The expected observation that HPAF cells express bindir |
sites for EGF and GRP is in agreement with the results of previot p<0.01
studies using other cell lines (Korc, 1991; Wang et al, 1996). Sinc
unlabelled insulin was approximately 100-fold more effective in 300+
competitive inhibition of the binding ofFl]-insulin compared to = p= 0'01” p<0.01
[*]-IGF-1, it is likely that HPAF cells express high-affinity *‘g | - ‘ T
binding sites for IGF-I. Soluble ligands for the EGF, GRP anc 23
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Figure 2 The time course of [*H-methyl] thymidine incorporation into HPAF
DNA (upper panel) or the number of HPAF cells cultured in serum-free
medium (lower panel). HPAF cells were either cultured in serum-free medium
that was replaced every 12 hours (open bars) or continuously cultured
(hatched bars). [°*H-methyl] thymidine incorporation into cells was determined
as described in the Methods and is expressed as a percentage of the
incorporation into cells receiving new medium every 12 hours. Data shown
represents the mean + SEM from 6 (thymidine incorporation) or 5 (cell
number) separate experiments
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Figure 3  Inhibitors of the EGF growth pathway block HPAF proliferation in
serum-free medium. Cells were either cultured in medium which was
replaced every 12 hours (open bars) throughout the experiment or
continuously cultured (hatched bars) for 96 hours in the presence and
absence of 10 pM AG1478, 300 uM [Abu?**]hEGF (20-31)-NH, or 1 pM
RC3950-II. In (B), cells cultured continuously were treated with 10 pM
AG1478 or 1 pg/ml alR3. Data shown represents the mean + SEM from 6 (A)
or 3 (B) separate experiments

© 2001 Cancer Research Campaign
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Figure 4  The effect of AG1478 and of [Abu?**]hEGF (20-31)-NH, on [*H-methyl] thymidine incorporation into HPAF cells cultured in serum-free medium.
Cells were either cultured in medium which was replaced every 12 hours (open bars) throughout the experiment or continuously cultured (hatched bars) for 96
hours in the presence and absence of the indicated concentrations of AG1478 or [Abu?**']nEGF (20-31)-NH, (A and C). During the final 24 hours of continuous
culture, cells were incubated with or without 1 nM EGF in the presence and absence of 10 UM AG1478 (B) or the indicated concentrations of [Abu?**hEGF
(20-31)-NH, (D). The data are expressed as a percentage of the proliferation of cells cultured in new medium every 12 hours (A and C) or continuously (B and
D). Data shown represent the mean + SEM from 5 separate experiments

Surprisingly, inhibiting the function of the EGF-receptor with  The effect of [Ab&=]hEGF (20-31)-NH on PH-methy]
an EGF receptor tyrosine kinase inhibitor, AG1478 (Osherov anthymidine incorporation provides further evidence that soluble
Levitzki, 1994) but not a GRP receptor antagonist (RC3950-Il) oendogenous EGF-like growth factors mediate autocrine growth
an IGF-I receptor blocking antibodgIR3) inhibited the prolifera-  effects in HPAF cells. This synthetic EGF analogue, competes for
tion of HPAF cells cultured continuously in serum free medium.*24-EGF binding in a concentration-dependent manner (unpublished
AG1478 had no effect on IGF-1-stimulated proliferation in HPAF observations). Like AG1478, [ABt#] hEGF (20-31)-NHreduced
or PANC-1 cells; a further indication of the specificity of this [®*H-methy] thymidine incorporation below control levels,
agent for the EGF receptor tyrosine kinase (unpublished observauggesting that the autocrine pathway detected may still be partly
tions). CAPAN-2 and SW1990 pancreatic cancer cells were alsactive in cells which received serum-free media every 12 hours (due
sensitive to EGF receptor inhibition (unpublished observations)o residual factors remaining after the medium change). Recently,
This indicates that the GRP and IGF-I receptor-mediated autocrinsotato carboxypeptidase inhibitor was shown to be an effective
pathway is not functionally active under standard in-vitro condi-inhibitor of binding of EGF to receptors on pancreatic cancer cells
tions. We and others have suggested a role for a bombesin-likeit it had no effect on basal cell proliferation (Blanco-Aparicio et al,
autocrine growth pathway in pancreatic cancer (Qin et al, 1994t998). It is likely that the particular choice of cell density and
Wang et al, 1996). These studies showed that the components ofredium volume in this study is responsible for the lack of effect.
bombesin-like autocrine growth pathway were expressed by pancre- Exogenous EGF was able to stimulatd-fethy] thymidine
atic cancer cells and that a GRP receptor antagonist could inhibit thecorporation into cells cultured continuously, suggesting that
modest growth effect of exogenous GRP receptor ligands. Thendogenous growth factors are not maximally stimulating cells
present study indicates that endogenous GRP and neuromedin Cdl@ring continuous culture. It is also possible that the signaling
not contribute to autocrine growth in pancreatic cancer cell lines. pathways activated by recombinant EGF are different from those

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(7), 926-935
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Figure 5 Effect of anti-TGFa 1gG, heparin and of 16.21.28 on the incorporation of [*H-methyl] thymidine into HPAF cells. Cells either received fresh medium
every 12 hours (open bars) or were cultured continuously (hatched) in the presence or absence of anti-TGFa IgG (anti-TGFa, 5 pg ml) (A), heparin (C) or
16.21.28 (10 pg mi?) (D) for 96 hours. During the final 24 hours of continuous culture, cells were incubated with or without 1 nM TGFa in the presence and
absence of anti-TGFa IgG (B). The data are expressed as a percentage of the [*H-methyl] thymidine incorporation into cells cultured in new medium every 12
hours (A, C and D) or continuously (B). Data shown represent the mean + SEM from 5 (A and B), 6 (C) or 3 (D) separate experiments

activated by the endogenous EGF-like autocrine factors, leading t®lls cultured continuously in serum-free medium indicates that
different effects on cell proliferation. the functional autocrine growth factors produced by these cells
The inability of the anti-TG& IgG to affect proliferation of contain heparin-binding domains. However, the proliferation of
HPAF or CAPAN-2 cells cultured continuously indicates thatcells in the presence of heparin (1aPml?) remained higher than
TGFa is not a functional autocrine growth factor, despite beingthat of cells cultured in fresh medium every 12 hours which
readily detected in medium conditioned by pancreatic cancer cellsuggests that other EGF-like factors, in addition to those which
A previous study showed that an anti-T@GFG could partially ~ bind heparin, are involved in autocrine growth regulation. Heparin
inhibit PANC-1 cell proliferation (Wagner et al, 1996). It is likely has been used in the present study as a potential modulator of
that differences between pancreatic cancer cell lines and expehieparin-binding growth factor activity. Any change in cell prolif-
mental procedures could explain this discrepancy. Nevertheless, @ration in the presence of heparin can indicate the importance of
the present study, the effect of the anti-BABG on exogenous heparin-binding growth factors (Cook et al, 1991; Jayson and
recombinant TG& shows that the 1gG can inhibit the bioactivity Gallagher, 1997). The effect of heparin on EGF-stimulated prolif-
of a concentration of TGF which exceeds that produced by eration of pancreatic cancer cells is consistent with another study
pancreatic cancer cells under the experimental conditions used.vihich showed that heparin sulphate does not affect theaTGF
is also possible that the concentration of endogenousaTGFstimulated clonal growth of human keratinocytes (Cook et al,
secreted into the culture medium may be too low to have a mitdt991). Other investigators have provided evidence to suggest that
genic effect. Other investigators have found that immumtrede ~ HB-EGF-like growth factor and amphiregulin may play important
izing endogenous T@Fdoes not inhibit cancer cell proliferation roles in growth regulation of human pancreatic cancer (Ebert et
(Mulder and Brattain, 1989), but a T@Fantisense oligonu- al, 1994; Schuger et al, 1996; Kobrin et al, 1994; Funatomi et
cleotide does (Howell et al, 1998). This group and othersl, 1997). Since heparin had no effect on EGF-stimulated prolifer-
(Hollande et al, 1997) have suggested that ligand-receptation in the present study, it is likely that exogenous heparin inter-
complexes could be involved in signiad in the cytosol by an acts with the basic amino acid residues in the amino-terminal
intracrine mechanism. regions of endogenous amphiregulin and/or HB-EGF (Schuger et
The inhibitory effect of heparin on the proliferation of HPAF al, 1996) thus preventing productive interactions between these
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Figure 6 Proliferation of pancreatic cancer cells in serum-free medium is sensitive to ERK-MAPK inhibition. HPAF cells (A) were cultured continuously for

96 hours with fresh media every 12 hours (open bars) or continuously (hatched bars) in the presence or absence of the indicated concentrations of PD098059.
[®H-methyl] thymidine incorporation was then assayed as described above. CAPAN-2 pancreatic cancer cells (B) were cultured as in (A) in the presence or
absence of AG1478 (10 uM) or PD098059 (20 uM). Measurement of ERK1/ERK2 activity in CAPAN-2 cells (C) was performed as described in the Methods.
CAPAN-2 cells were incubated with 1 nM EGF for 2, 5 or 10 minutes (lanes 2—4) or in serum-free medium in the presence (lane 5) or absence (lane 1) of 20 uM
PD098059 for 10 minutes. GST-EIk-1 phosphorylation was quantified using a Gel Documentation System and was expressed as a percentage of the
phosphorylation detected in the absence of EGF (endogenous activity, lane 1). In lane 6, the phosphorylation of GST-Elk-1 by recombinant active ERK2 (2 ng)
is shown. A representative autoradiograph and the data from 3 individual experiments (mean + SEM) is shown. The percentage of CAPAN-2 cells in S-phase
after 6 hours of continuous culture in the presence or absence of AG1478 or PD098059 (D) was determined as described in the text

ligands and the EGF receptor. Experiments using monoclonal anti- The kinetics and magnitude of the increase joncand cfos
body 16.21.28 confirms that HPAF cells proliferate in serum-freenRNA are consistent with the effect of growth factors, such as
medium, at least in part, by autocrine stimulation from endogenousGF, on the expression of these genes (Greenberg and Ziff, 1984
amphiregulin. Quantin and Breathnach, 1988). The culture environment in which
PD098059 significantly inhibited the proliferation of all cell mRNA levels have been monitored in the present investigation
lines suggesting that autocrine activation of EGF receptors leads pzrmits the interpretation that endogenous growth factors signal
activation of the ras/MEK/ERK pathway. This was confirmed bythrough the EGF receptor and ras/raf/MEK pathway leading to an
the observation that GST-Elk-1 was significantly phosphorylatedncrease in des or cjun mRNA. In these experiments®H-
by ERK1/ERK2 from CAPAN-2 cells when cultured continuously. methy] thymidine incorporation increased with culture time,
Although cell proliferation of CAPAN-2 cells was increased revealing that the increase irffasand cjun mMRNA precedes that
by exogenous EGF, ERK activity was not further increased. Thief DNA synthesis and cell proliferation.
supports the idea that exogenous EGF may activate signalling It is possible that the observed changes in AP-1 gene expressior
pathways which are distinct from those activated by endogenous CAPAN-2 cells is due to stress arising from the addition of serum-
EGF-like factors. Cell cycle analysis shows that the number ofree medium to cells and is not a response to soluble endogenou:
CAPAN-2 cells in S phase after 6 hours of continuous culture igrowth factors. It has been reported that fluid shear-stress can acti-
reduced in the presence of AG1478 or PD098059. These experiate the MAPK pathway and inducéunt transcriptional activity in
ments were performed to show that these inhibitors are also effegascular endothelial cells (Li et al, 1996). In the present study, a role
tive in a larger scale study in which larger medium volume andor stress, potentially due to the physical addition of serum-free
more cells are used. medium, is unlikely since the rate and magnitude®idfnethy]
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Figure 7 Quantitative competitive RT-PCR analysis of c-fos and c-jun mRNA in CAPAN-2 cells. After 0, 0.5, 1, 2 or 6 hours of continuous culture in serum-free
medium (A, B) or 1 hour of culture in the presence and absence of 10 uM AG1478 or 20 uM PD098059 (C), total RNA was extracted from CAPAN-2 cells and
mMRNA levels were determined as described in the Methods section. The data are expressed as the number of fmoles of c-fos or c-jun mMRNA per pg of total
RNA. The amount of cRNA in each RT-PCR tube was 14.1 (lanes 2, 6, 10, 14 and 18), 1.41 (lanes 3, 7, 11, 15 and 19), 0.141 (lanes 4, 8, 12, 16 and 20) and
0.028 fmoles (lanes 5, 9, 13, 17 and 21). Molecular weight standards (base pairs) are shown in lane 1. Data shown represent the mean + SEM from 2 (A, B) or
3 (C) separate experiments. [*H-methyl] thymidine incorporation into CAPAN-2 cells cultured continuously in 4 ml (solid circles) or 20 ml (open circles) of
medium was also determined (D)
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