Gut 1994; 35: 1468-1473

1468

M Korc, H Friess, Y Yamanaka, M S Kobrin, M Buchler, H G Beger

Abstract
The epidermal growth factor (EGF)
receptor is a transmembrane protein
that binds EGF and transforming growth
factor a (TGF a), and that stimulates
phospholipase C yl (PLC -yl) activity.
In this study the role of the EGF receptor
in chronic pancreatitis was studied. By
immunohistochemistry, the EGF receptor, TGF a, and PLC -yl were found to
be expressed at high concentrations in
pancreatic ductal and acinar cells from
chronic pancreatitis patients. Northern
blot analysis showed that, by comparison
with normal controls, 19 of 27 chronic
pancreatitis tissues exhibited a 5*7-fold
increase in EGF receptor mRNA concentrations, and 20 of 27 chronic pancreatitis
tissues exhibited a sixfold increase in
TGF a mRNA concentrations. In situ
hybridisation confirmed that overexpression occurred in ductal and acinar
cells, and showed that both mRNA
moieties colocalised with their respective
proteins. These findings suggest that
TGF a may act through autocrine and
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may contribute to the cellular changes and
fibrosis that occurs in chronic pancreatitis in

humans.6

It is not clear how TGF ae overexpression
leads to the histological changes that occur
in the pancreas of these transgenes. It is
established, however, that the first step in the
initiation of TGF a action is dependent on its
binding to the epidermal growth factor (EGF)
receptor. EGF receptor activation leads to a
cascade of biochemical reactions, which
include the phosphorylation of phospholipase
C -yl (PLC yl).7 The last factor induces the
hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP2), and the generation of
diacylglycerol and inositol 1,4,5-trisphosphate
(Ins(1,4,5)P3).8 Diacylglycerol activates protein
kinase C, whereas Ins(1,4,5)P3 releases calcium
from intracellular stores.9 10 It is conceivable
that excessive activation of these critical signal
transduction pathways may interfere with
important cellular functions, thereby causing
the histopathological changes that occur in
the pancreas of these transgenes. The relevance,
however, of the TGF a transgene model
to chronic pancreatitis in humans is not
paracrine mechanisms to excessively known.
In this study we examined the expression
activate the overexpressed EGF receptor
in the two major cell types of the exocrine of the EGF receptor and TGF at in the
pancreas, thereby contributing to the pancreas of patients with chronic pancreatitis.
Because of the importance of PLC -yl in the
pathobiology of this disorder.
mediation of TGF a action, we also studied
(Gut 1994; 35: 1468-1473)
the distribution of this protein in the pancreas.
We now report that the EGF receptor and
Chronic pancreatitis is a debilitating disease of TGF a are overexpressed in the pancreas of
the exocrine pancreas that may be associated many patients with chronic pancreatitis by
with pancreatic exocrine and endocrine comparison with normal human pancreatic
insufficiencies. In the Western world, about tissues, and that this overexpression is
70% of the cases are believed to result associated with increased concentrations of
from chronic alcohol ingestion.1 Additional PLC -y 1.
predisposing causes include cholelithiasis,
pancreatic duct obstruction, and hereditary
factors.1 Histologically, the pancreas in this Methods
condition shows areas of fibrosis, inflammatory
cell infiltrates, acinar cell degeneration, and TISSUE SAMPLES
dedifferentiation into duct like tubular Normal human pancreatic tissue samples from
complexes, and ductal cell proliferation.2 3 17 subjects were obtained through an organ
Although the biochemical and molecular donor programme at the University of Ulm.
mechanisms that underlie these histological There were 13 male and four female organ
changes are unknown, transgenic mice that donors, ranging in age from 21 to 55 years,
overexpress transforming growth factor ao with a median age of 41 years. Chronic pan(TGF a*) exhibit similar histological changes in creatitis tissues were obtained from 27 patients
the pancreas despite the absence of inflamma- undergoing surgery for chronic pancreatitis.
tory cells.46 On the basis of these histological There were 23 male and four female chronic
similarities it has been suggested that TGF aL pancreatitis patients, ranging in age from 23 to
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Chronic pancreatitis is associated with increased
concentrations of epidermal growth factor
receptor, transforming growth factor oa, and
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Chronic pancreatitis and EGF receptor, TGF a, and phospholipase Cy
IMMUNOBLOTrING

Whole pancreas homogenates were prepared
from three normal pancreatic tissues obtained
from organ donors and from three chronic
pancreatitis tissues.1' Samples were subjected
to 7-5°/0 sodium dodecyl sulphate (SDS)polyacrylamide gel electrophoresis (PAGE),
and transferred to nitrocellulose membranes.'2 13 After washing with 5% bovine
serum albumin, filters were incubated for 18
hours at 4°C with the respective primary
antibody dilutions (EGF receptor, 1:400;
PLC y1 1 :100), as previously reported. "I The
filters were then washed with a buffer containing 20 mM TRIS (pH 7-5), 500 mM NaCl,
and 0 05% TWEEN-20."1 For epidermal
growth factor receptor analysis, the filters
were incubated sequentially with rabbit antimouse IgG (1:2500 dilution) and '251-protein
A (0-33 ,uCi/ml), and exposed for 48 to
72 hours at -80°C to Kodak XAR-5
IMMUNOHISTOCHEMISTRY
Serial paraffin wax embedded sections (5 pLm film using intensifying screens. For PLC
thick) were subjected to immunostaining, yl analysis, the antigen was visualised
using an avidin-biotinylated immunoperoxi- using avidin-biotinylated immunoperoxidase technique (ABC Kit, Oncogene Sciences dase.14 The intensity of the bands was
quantitated by laser densitometry."
Inc, Uniondale, NY), as previously reported."I
Optimal results were obtained with the
following antibody dilutions: EGF receptor,
1 :100; TGF a 1:50. Counterstaining was NORTHERN BLOT ANALYSIS
performed with Mayer's haematoxylin. For Total RNA was extracted in the presence of
immunofluorescent analysis, frozen tissue guanidine isothiocyanate, fractionated on
sections (10 ,urm thick) were placed in 1 2% agarose/1 8 M formaldehyde gel, and
phosphate buffered saline containing 0-1% stained with ethidium bromide to verify RNA
bovine serum albumin, and incubated for 60 integrity and loading equivalency"I 15 16
minutes at 23°C with the respective primary After transfer onto Gene Screen membranes
antibody. "l Optimal results were obtained with (Du Pont Inc, Boston, MA), the blots were
antibody dilutions of 1:100 for EGF receptor, prehybridised, hybridised, and washed under
and 1:20 for PLC y1. After washing to remove two high stringency conditions, depending on
unbound antibody, the sections were whether antisense riboprobes or cDNA probes
incubated for 40 minutes at 23°C with a 1:20 were used, as previously described." In the
dilution of FITC labelled goat antimouse IgG, case of antisense riboprobes, prehybridisation
and washed with phosphate buffered saline. was for 16 hours at 65°C in 50% formamide,
The coverslips were then mounted on glass 0.50/o SDS, 5X SSC (lX SSC= 150 mM NaCl,
slides in Citifluor (Ted Pella Inc, Redding, 15 mM Na-citrate, pH 7 0), 5X Denhardt's
CA) and viewed with a Nikon Optiphot (iX Denhardt's=0 02% ficoll, 0-02%
epifluorescence microscope with B filter polyvinylpyrrolidone, and 0.02% bovine serum
albumin), 250 ,ug/ml salmon sperm DNA, and
composition.
Anti-EGF receptor antibodies were 50 mM Na2PO4, pH 6-5. Hybridisation was
purchased from Sigma Chemical Co (Clone for 16 hours at 65°C in the presence of I X 106
no F4, E3138, St Louis, MO), anti-TGF at cpm/ml of the labelled probe, followed by
antibodies from Oncogene Sciences Inc, and washing at 65°C in IX SSPE (150 mM NaCl,
anti-PLC -yl antibodies from Upstate 10 mM NaH2PO4, and 1 mM EDTA) conBiotechnology Inc, (Lake Placid, NY). All taining 1% SDS, and at 68°C in 01X SSPE
three antibodies were monoclonal mouse IgG containing 1% SDS. In the case of cDNA
and were raised against human antigens. probes, prehybridisation was for 16 hours
Specificity of anti-EGF receptor antibodies at 42°C in a buffer that contained 50%
was verified by preincubation for six hours at formamide, 1% SDS, 0-75 M NaCl, 5 mM
23°C with A43 1 cells, which resulted in EDTA, 5X Denhardt's, 100% dextran sulphate,
complete loss of signal." Specificities of 100 ug/ml salmon sperm DNA, and 50 mM
anti-TGF a antibodies were verified by Na2PO4, pH 7.4. Hybridisation was for 16
preincubation for one hour at 37°C and 14 hours at 42°C with prehybridisation buffer
hours at 4°C with recombinant human EGF containing the labelled cDNA probe (5x105
(rH-EGF, a gift from Dr C George- cpm/ml). Filters were then washed at 23°C in
Nascimento at Chiron Inc, Emmeryville, CA), 2X SSC/1% SDS, and at 55°C in 0 2X
or recombinant human TGF a (rH-TGF at, a SSC/2% SDS. The blots were exposed at
gift from Dr M Winkler at Genentech Inc, -80°C to Kodak XAR-5 film with intensifying
South San Francisco, CA).1' The signal screens, and the intensity of the radiographic
obtained with anti-TGF al antibodies was abol- bands was quantified by laser densitometry."I
A 0-86-kb BamHI/Eco RI fragment of
ished by incubating antibodies with rH-TGF a
human EGF receptor HER pA21 cDNA'7 and
but not with rH-EGF. "I
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56 years, with a median age of 43 years. In
both groups, the tissue samples used for
analysis were obtained from the head of the
pancreas, and, immediately after surgical
removal, either fixed in Bouin solution for 12
to 24 hours or frozen in liquid nitrogen.11 The
frozen samples were maintained at -80°C
until use. All studies were approved by the
human subjects committees of the University
of California, Irvine, and the University of
Ulm, Germany.
Histologically, the chronic pancreatitis
was graded independently by a pathologist
as being moderate to severe in all the patients.
The pancreatic tissue samples contained areas
of fibrosis, acinar cell atrophy, and ductal
dilatation. Occasionally, small lymphocytic
infiltrations were also present.
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STATISTICAL ANALYSIS

a 1-3 kb Eco RI fragment of human TGF a
cDNA'8 were subcloned into the pGem
3 plasmid vector, and used to prepare cRNA
probes.1" In addition, two cDNA probes were
used for filter hybridisations: a 1-2 kb Pst I
fragment of mouse amylase cDNA'9 that cross
hybridises with human amylase, and a 0 19 kb
Bam HI fragment of the mouse 7S cDNA20
that cross hybridises with human 7S RNA.
cDNA probes were labelled with ao 32P-dCTP

(3000 Ci/mmol, Amersham Co, Arlington
Heights, IL) to a specific activity of 0*5X109
cpm/,g." Antisense probe synthesis was
carried out with a 32P-CTP (3000 Ci/mmol,
Amersham Co), to a specific activity of 0-8
to I 0 X li0 cpm/g. "I
IN SITU HYBRIDISATION

Data were analysed by Student's t test, using
the StatView 512 computer program
(Brainpower Inc, Calabasas, CA).

Results
In the normal human pancreas, EGF receptor
immunoreactivity was present on the apical
surface of ductal cells and, to a lesser extent, in
the cytoplasm of these cells in most ductules
and intralobular ducts (Fig IA), as well as on
the surface and in the cytoplasm of many
acinar cells (Fig IB). TGF ao immunoreactivity
was also present on the surface and in the
cytoplasm of both ductal (Fig 1C) and acinar
(Fig ID) cells. In the chronic pancreatitis
tissues, the intensity of the immunoreactivity
for the EGF receptor (Fig 1E-F) and TGF cx
(Fig 1G-H) was considerably increased in the
acinar and ductal cells. In the case of TGF oc,

Tissue sections were placed on slides
coated with poly-L-lysine, deparaffinised, cytoplasmic immunoreactivity was especially
and treated for 10 minutes with 1 ,ug/ml
proteinase K (Boehringer Mannheim Biochemicals, Indianapolis, IN), as previously
described." Sections were then incubated
for 10 minutes with 0-5XSSC, and for three
hours at 42°C in hybridisation buffer, which
contained 0 3 M NaCl, 20 mM TRIS, pH 8-0,
5 mM EDTA, 50%/o formamide, 1X
Denhardt's, 100% dextran sulphate, and 10 mM
dithiothreitol."I 21 Hybridisation with the above
or
EGF receptor and TGF ac antisense probes
was performed overnight at 500C with 100 RI
of buffer containing 100 000 cpm of the
probe and 50 ,ug of yeast tRNA (GIBCO BRL
Inc, Gaithersburg, MD). The sections were
digested with RNAse A (20 Kuglml; Sigma
Chemical Co) for 30 minutes at 23°C, washed,
dehydrated by immersion in graded alcohol Figure 2: Immunofluorescent staining. Immunofluorescence
pancreatitis
containing 0 3 M ammonium acetate, dried, of EGF receptor in normal (A) and chronic
(B-C) tissue samples, showing staining in acinar (open
coated with NTB2 emulsion (Eastman arrows)
The
upper portion
and ductal (solid arrows) cells.
Kodak Co, Rochester, NY), and exposed of panel C illustrates a large duct whose cells exhibit
for five days." Pretreatment of the slides considerable immunofluorescense for the EGF receptor.
Immunofluorescence of PLC yl in normal (D) and chronic
with RNAse abolished the hybridisation pancreatitis
(E-F) tissue samples, showing staining in
signals, and sense probes corresponding to acinar (open arrows) and ductal (solid arrows) cells.
the antisense probes failed to produce a Original magnification X 1 00.
41
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Figure 1: Immunohistochemical staining. Normal ducts (A, C) and acini (B, D) and
chronic pancreatitis ducts (E, G) and acini (F, H) exhibited immunostaining for the EGF
receptor (A-B, E-F), and TGF a (C-D, G-H), as shown by solid (ductal cells) and
open (acinar cells) arrows. Original magnification x 250.

signal. The slides were counterstained with
Mayer's haematoxylin.
Quantitative analysis of the in situ hybridisation data was performed with a dark field filter
using a Nikon Diaphot microscope and Nikon
FX microscopic photometric system (Tokyo,
Japan) equipped with a video camera and
an Image 1 video image analysis system
(Universal Imaging Co, Media, PA). Images
were routinely scanned for average pixel
intensity and background density, which
allows for computer based correction of
uneven image illumination, as previously
reported. I ' Densitometric analysis of the
silver grains was performed under 400Xmagnification in 12 fields per slide that were
randomly selected, using five normal tissues
and five chronic pancreatitis tissues. The data
were then expressed as a percentage of the area
occupied by the silver grains in a total area of
each field.
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increase in EGF receptor mRNA values, and
20 of 27 chronic pancreatitis tissues exhibited a
sixfold increase in TGF at mRNA values
(Table). EGF receptor and TGF ot mRNA
values were significantly greater by comparison
EGFR with the corresponding values in the normal
control values even when the data from all the
chronic pancreatitis samples were pooled
together (Table).
In situ hybridisation with antisense probes
..UM M~
showed the presence of specific grains
corresponding to EGF receptor mRNA in
the ductal (Fig 5A) and acinar (Fig 5B) cells of
the normal human pancreas. In both cell
PLC
types, the grains corresponding to TGF ao
mRNA were present at comparatively high
j~~~~~~~~~~~~~
values (Fig 5C-D). Both mRNA species
preferentially localised at the apical portion of
the ductal cells, and at the basal portion of the
Figure 3: EGF receptor and PLC yl immunoblotting Homogenates from normal and
acinar cells. In the chronic pancreatitis tissue
chronic pancreatitis tissue samples were subjected to SDS-PAGE electrophoresis followed by
samples, there was a readily evident increase in
immunoblotting with specific monoclonal anti-EGF receptor (EGFR) and anti-PLC yl
EGF receptor and TGF ao RNA grains in both
(PLC) antibodies, as described in the methods section. Each lane represents 100 ,ug of
protein. Autoradiograph exposure times was 72 hours for the EGF receptor. PLC yl was
the ductal cells and the remaining acinar cell
visualised with avidin-biotinylated immunoperoxidase.
(Fig 5E-H).
Quantitative videoimage analysis of the in
prominent at the basal aspect of the acinar cells situ hybridisation data from five normal and
(Fig 1 H). EGF receptor and TGF ao five chronic pancreatitis tissue samples showed
immunoreactivity was not seen in the stroma that there were 23-fold and fourfold increases
surrounding the acinar and ductal cells.
in the mRNA values encoding the EGF
Immunofluorescent staining showed diffuse receptor and TGF ao, respectively, in the
cellular distribution of EGF receptor in acinar chronic pancreatitis tissues by comparison
cells and apical distribution in ductal cells in with the normal pancreas. As in the case of the
the normal human pancreas (Fig 2A), and immunostaining, however, neither mRNA
diffuse but faint distribution of PLC -y I in both moiety was found in the stroma.
cell types (Fig 2D). In the chronic pancreatitis
Normal

Chronic pancreatitis

tissues there was diffuse and intense distribution of EGF receptor in the remaining acini
(Fig 2B) and in the ductal cells (Fig 2C),
and intense PLC -yl staining in the same
regions (Fig 2E-F). The increase in immunofluorescent staining was especially noticeable
in regions exhibiting multiplayered ductal
epithelial hyperplasia (Fig 2C, F).
When equal amounts of protein from three
normal and three chronic pancreatitis tissue
samples were subjected to immunoblotting
with the respective antibodies, there was a
threefold increase in EGF receptor and PLC
y 1 values in the chronic pancreatitis samples in
comparison with the normal controls (Fig 3),
as assessed by densitometric analysis. Thus, in
the case of the EGF receptor, the optical
density values (mean (SEM)) for the normal
and chronic pancreatitis tissue samples were
0 77 (0-17) and 2-39 (0.19) respectively
(p<0005). In the case of PLC -yl, these values
were 0-28 (0-15) and 082 (008) respectively
(p<0 05).
Northern blot analysis showed the presence
of low concentrations of EGF receptor and
TGF a mRNA and high concentrations of
amylase mRNA in the normal human pancreas
(Fig 4). In the chronic pancreatitis samples,
EGF receptor and TGF at mRNA values
were raised by comparison with the normal
controls, in association with a considerable
decrease in amylase mRNA values (Fig 4).
Densitometric analysis showed that, by
comparison with normal controls, 19 of 27
chronic pancreatitis tissues exhibited a 5*7-fold

Discussion
In this study, we have determined that the
EGF receptor and TGF at are overexpressed
in human pancreatic tissues obtained from
patients with chronic pancreatitis. Immunohistochemically, this overexpression was
evident in both the remaining acinar cells and
in the ductal cells. In contrast, neither protein
was detected in the stroma. In the acinar
cells, EGF receptor immunostaining was
pronounced on the surface and in the
cytoplasm, whereas TGF at immunoreactivity
was most notable in the cytoplasm. In the
ductal cells, the immunostaining for both
proteins was noticeably increased, especially
in regions exhibiting multilayered ductal
epithelial hyperplasia. In these regions, cell
surface EGF receptor immunoreactivity
was pronounced throughout the epithelial cell
layers.
In both the acinar cells and duct cells, EGF
receptor overexpression was associated with
increased values of a key regulatory enzyme
that is a substrate for EGF receptor action,
PLC -yl, as determined by immunofluorescence. The increase in PLC yl values
was confirmed by immunoblotting. The
importance of this enzyme is underscored
by the fact that activation of several
transmembrane tyrosine kinase receptors
that regulate cell proliferation leads to the
association of PLC -yl with their tyrosine
kinase domains,22 23 and by the ability of
PLC ryl to regulate several important
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significant increases in EGF receptor and TGF
mRNA values in the chronic pancreatitis
samples in comparison with the normal
controls. Furthermore, the in situ hybridisation data showed that the EGF receptor
and TGF a mRNA moieties colocalised
with their respective proteins, and were overexpressed in both ductal and acinar cells
in chronic pancreatitis. These findings suggest
that the EGF receptor and TGF ao are
synthesised at increased rates in both cell
types, and that this overexpression occurs
either as a result of enhanced transcription
of the respective genes or increased mRNA
stability, or both. The same tissues exhibited a
noticeable decrease in amylase mRNA values,
indicating that chronic pancreatitis is not
associated with a generalised increase in
pancreatic RNA.
In this study we could not investigate
whether there was a correlation between
the severity of the chronic pancreatitis and
the levels of expression of the EGF receptor
and TGF a, as only patients with severe
disease had pancreatic resection. Therefore,
all the samples that were available for
analysis exhibited moderate to severe disease
histological changes. The fact that this overexpression occurred, however, in both acinar
cells and ductal cells suggests that TGF may
excessively activate the EGF receptor through
autocrine and paracrine mechanisms in both
cell types. TGF a may thus be able to enhance
duct cell proliferation, modulate acinar cell
function, exert chemotactic effects on
fibroblasts, and enhance collagen production
by fibroblasts. These effects of TGF at may
explain, in part, the fibrosis that occurs in
chronic pancreatitis. In support of this
hypothesis, the EGF receptor and TGF a are
overexpressed in human pancreatic cancer,11
a condition that is also associated with
ductal cell proliferation and extensive
fibrosis. Furthermore, in transgenic mice that
overexpress TGF a the pancreas exhibits
histological changes that mimic those seen in
chronic pancreatitis.6 These changes include
acinar cell degeneration and dedifferentiation
into duct like cells and considerable fibrosis.46
Interestingly, in some of these transgenes there
is an appreciable increase in type I collagen in
the pancreas, and the collagen fibres seem to
preferentially associate with the basal aspect of
the TGF a expressing acinar cells.6 It will be
important to find out in future studies if a
similar distribution of type I collagen occurs in
chronic pancreatitis in humans.
Transfection experiments show that overexpression of the EGF receptor or TGF a
leads to malignant transformation.26 27
Therefore, the concomitant overexpression of
the receptor and its ligand reported in this
study may explain the epidemiological data,
which show a slight increase in the frequency
of pancreatic adenocarcinomas in patients with
chronic pancreatitis.28-30 Cancer, however, is a
multistage process. As many as 90% of human
pancreatic cancers exhibit mutations in the
K-ras oncogene.31 32. These tumours are also
associated with a significant incidence of

ot

Figure 4: Analysis of EGF receptor and TGF a mRNA values. Immobilised RNA from
normal and chronic pancreatitis tissues was hybridised with the indicated probes as follows:
EGF receptor (4X 105 cpm/ml; eight day exposure); TGF a (2X 105 cpm/ml; two day
exposure); amylase (105 cpm/ml; one day exposure); and 7S cDNA (SX 104 cpm/ml; 12
hour exposure). The EGF receptor mRNA migrated as two bands (10-5 and 5 8 kilobase);
TGF a mRNA migrated as a 4-6 kilobase band,i amylase mRNA migrated as a 1 8
kilobase band; the 7S mRNAs migrated as a 0 4 kilobase species.

signal transduction pathways.8-10 A similar
correlation between EGF receptor overexpression and increased PLC yl values has been
reported in breast cancers24 and psoriatic skin
lesions.25 Taken together, these findings
suggest that PLC yl dependent pathways
play a part in both benign and malignant
proliferative conditions.
Both by northern blot analysis of total RNA
and by morphometric analysis of the in situ
hybridisation data there were statistically
Densitometric analysis of northern blots
Relative optical density
No ofsamples TGF a/7S
EGFR/7S
Normal
All CPS
CPS with increased RNA values

10-9 (1-7)
44-2 (8-1)*
61-8 (8.7)**

17
27

19

No ofsamples

17
304 (56)
150-7 (28.3)** 27
183-5 (25.8)** 20

EGF receptor, TGF a, and 7S autoradiographs were analysed by laser densitometry. Values are
the mean (SEM) from the number of normal and chronic pancreatitis samples (CPS).
EGFR/7S: ratio of EGF receptor to 7S signal. TGF a/7S: ratio of TGF a to 7S signal. *p<0-02,
**p<0-001, when compared with respeciive controls.
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mutations in the p53 tumour suppressor
34 In contrast, p53 mutations do not
occur in chronic pancreatitis.34 Thus, in the
absence of other perturbations, overexpression
of the EGF receptor and TGF ot, may not be
sufficient to induce pancreatic malignant
transformation. In contrast, when combined
with certain gene mutations, overexpression of
the EGF receptor and TGF ot may lead to
accelerated tumour progression and abnormal
cellular proliferation.

gene.33
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