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Increased expression of transforming growth
factor r3s after acute oedematous pancreatitis in
rats suggests a role in pancreatic repair
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Abstract
Background-Transforming growth fac-
tor 0 isoforms (TGF(s) belong to a family
of multifunctional regulators of cellular
growth and differentiation. They are

mitogenic and chemotactic for fibroblasts
and are potent stimulators ofextracellular
matrix production (collagen) and depo-
sition. Upregulation of TGF, transcrip-
tion has been reported for several in vivo
systems during repair after injury.
Aims-To study the expression ofthe three
mammalian isoforms of TGFDi (TGFO1-3)
and their relation to collagen expression as

a marker for fibroblast response in acute
oedematous pancreatitis in rats.
Methods-Using northern blot analysis and
immunohistochemistry, the expression
and localisation of TGF(i isoforms,
collagen, and amylase were analysed
during the course of acute oedematous
pancreatitis in rats, experimentally in-
duced by intravenous caerulein infusion.
Results-Induction of acute pancreatitis
resulted in a biphasic peak pattern of
expression of TGF,l1, 02, and (P3 mRNA,
with a pronounced increase from day 1 to
day 3 (sixfold, 2-5-fold, fivefold, respect-
ively) and again from day S to day 7 (three-
fold, 2-3-fold, 3-5-fold, respectively). The
temporal changes in TGFji mRNA identi-
cally paralleled the expression in collagen
mRNA. In contrast, amylase mRNA
expression, used as a general indicator of
acinar celi integrity, was slightly de-
creased after induction of acute pancrea-
titis. Immunohistochemical analysis of
pancreatitis tissue showed that increased
expression of TGFos was mainly present
in the pancreatic acinar and ductal cells;
this was evident within one day after
pancreatitis induction.
Conclusion-Overexpression of TGFIis
after induction of acute pancreatitis
suggests a role for these proteins in pan-

creatic repair and remodelling. The in-
creased levels of TGF,s may help
suppress immune activation, and may

contribute to the increase in the extra-
cellular matrix including collagen and to
the repair ofthe pancreatic parenchyma.
(Gut 1997; 40: 73-79)

Keywords: acute experimental pancreatitis, pancreatic
repair, transforming growth factor (, collagen, amylase.

Sarner defined acute pancreatitis as an acute
condition typically presenting with abdominal

pain and usually associated with increased
pancreatic enzymes in blood or urine, due to
inflammatory disease of the pancreas.' Clini-
cally, mild and severe forms of acute pan-
creatitis are differentiated. Mild acute pan-
creatitis is morphologically characterised by
pancreatic oedema with rapid recovery and an
uncomplicated clinical course. In contrast, sig-
nificant local and systemic complications are
associated with severe acute pancreatitis,
including extensive peripancreatic and intra-
pancreatic fat necrosis, parenchymal necrosis,
haemorrhage, and in the later course with the
beginning of fibrosis.2"
As the inflammatory response sequests or

degrades the inflammatory stimulus, or both,
tissue repair begins.5 6 If the inflammatory
process succeeds in eliminating the inciting
stimulus, the inflammation is resolved.5 Inflam-
matory mediators and growth factors released
by the complement system, activated platelets,
and endothelial cells contribute to mesenchymal
cell recruitment and proliferation.7 Among
these early cellular products, platelet factor 4,
platelet derived growth factor (PDGF), and
transforming growth factor Ps (TGF,s) initiate
fibroblast chemotactic activity, recruiting
fibroblasts to the inflammatory site.8
TGFI3s belong to a family of multifunctional

regulators of cellular growth and differ-
entiation of a wide variety of cells.9 TGFI 1 was
initially identified as a factor stimulating the
anchorage independent growth of rodent
fibroblasts, but was subsequently found to act
as a potent growth inhibitor for most cell types,
including epithelial cells, endothelial cells, and
haematopoietic progenitor cells.'0 In general,
TGFI3s inhibit the growth of epithelial cells
and stimulate the growth of mesenchymal cells
such as fibroblasts." There are three mam-
malian TGFP isoforms (TGF, 1, TGF,2, and
TGFP3). They exert numerous and diverse
biological activities depending on the target
cell. TGF,Bs are mitogenic and chemotactic for
fibroblasts and immune cells and are potent
stimulators of extracellular matrix production
and deposition, increasing the synthesis of
matrix components including procollagen type
I and fibronectin and diminishing matrix
degradation through the induction of protease
inhibitors. 12
The exact mechanisms that are involved in

pancreatic repair after acute pancreatitis are
not known. Therefore, in this study we have
induced acute oedematous pancreatitis in rats
using caerulein hyperstimulation and have
analysed the expression of TGFI 1, TGFI2,
TGFP3, collagen and amylase in a time
dependent manner for seven days.
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Methods

EXPERIMENTAL PROTOCOL

Approval for the experiments was obtained
from the Animal Ethics Committee of Canton
Berne, Switzerland.
Male Wistar rats weighing 240 g to 280 g

were kept in single cages exposed to a 12 hour
light/dark cycle with free access to chow and
water. The chow (Altromin 1314, obtained
from Altromin GmbH, Lage, Germany) con-

tained 23% protein, 5% fat, 6-5% ashes, 4-5%
fibre, 47 5% nitrogen free extracts, and 3 5%
water, minerals, and vitamins.3 14

After an overnight fast, the animals destined
for pancreatitis induction or sham treatment
were preanaesthetised with ether, followed
by intramuscular injection of pentobarbital
(Nembutal Sodium Solution, Abbott Labora-
tories, USA) at a dosage of 2 mg/kg and bupre-
norphine (Temgesic, Boehringer Mannheim
GmbH, Germany) at a dosage of 6 ,ug/kg to
induce anaesthesia and analgesia, respectively.
A plastic catheter was placed in the right
external jugular vein to take blood samples and/
or to infuse saline solution or caerulein.13 14

The animals were divided into three experi-
mental groups.

Group 1: Control (untreated) animals
Pancreatic tissue samples (n=8) were obtained
from untreated rats serving as the control
group. The animals were anaesthetised with
ether and blood samples were taken by needle
puncture at the heart. After a median laparo-
tomy the whole pancreas was removed and
trimmed free of fat. Parts of pancreas were

fixed in Bouin solution for 24 hours and finally
embedded in paraffin wax for histological
analysis. The remaining pancreas was imme-
diately frozen in liquid nitrogen and stored at
-80°C until use for RNA extraction.

Group 2: Oedematous acute pancreatitis
Acute oedematous pancreatitis was induced by
infusion of 10 jig/kg body weight caerulein
(Takus, Farmitalia Carlo Erba GmbH,
Bremen, Germany) with a flow of 0-9 ml/h
intravenously within four hours, as described
in earlier studies.'4 1' After induction of acute
pancreatitis, the jugular vein catheter was

removed. The animals (six at each time point)
were killed four, eight hours, one, two, three,
four, five, six, or seven days after the com-

pletion of the caerulein infusion as described
for group 1. The whole pancreatic gland was

removed and quickly trimmed of fat. Tissue
samples from the pancreatic head and the
pancreatic tail were taken for histological
analysis. The tissues were fixed in Bouin
solution for 24 hours. Subsequently, the tissue
samples were stored in alcohol (50%) and
embedded in paraffin wax. The tissue
remnants were frozen in liquid nitrogen and
stored at -80°C until they were used for RNA
extraction for northern blot analysis.
Blood samples were taken from all animals

before induction of acute pancreatitis and

when the animals were killed. The blood
samples were centrifuged at 3000 rpm and the
serum was stored in a -20°C freezer until
further analysis. The samples were then
thawed at -4°C and taken to measure serum
amylase concentrations.

Group 3: Sham treatment group (saline infusion)
The same number of rats were treated under
the same conditions as group 2, but received
an infusion ofNaCl 0/9% instead of caerulein.

HISTOLOGICAL CLASSIFICATION OF THE

SEVERITY OF ACUTE PANCREATITIS
To quantify the histological changes, two
blinded independent pathologists judged the
tissue samples using a point score as formally
described by Spormann et al. 6 Four horizontal
serial sections (4 ,um thick) were taken from
each block and stained with haematoxylin and
eosin. Oedema, inflammatory infiltration, fat
necrosis, parenchymal necrosis, and haemor-
rhage were evaluated on an arbitrary scale
without knowledge of the treatment of the
animal. The scores for each histopathological
parameter were totalled, with a maximum
obtainable score of 27.

BIOCHEMICAL ANALYSIS

Serum oc amylase was measured using
4 6-ethylidene-(G7)- 1-4-nitrophenyl-(GI)-oc,
D-maltoheptaoside as the substrate (EPS
method), (oc Amylase (EPS); Boehringer
Mannheim, Mannheim, Germany). 17

MOLECULAR ANALYSIS

Northern blot analysis
Total RNA was extracted by the guanidine
isothiocyanate method, size fractionated on
1-2% agarose/1 8 M formaldehyde gels, and
stained with ethidium bromide for verification
of RNA integrity and loading equivalency.'8 19

The RNA was electrotransferred onto nylon
membranes (GeneScreen, DuPont, Boston,
MA, USA) and cross linked by ultraviolet
irradiation.'9 The blots were then prehybridised,
hybridised, and washed under conditions
appropriate for antisense riboprobes (TGFI3)
or cDNA probes (TGF,B1, TGF,B2, amylase,
collagen type I, 7S RNA), as previously
described.20 21 In the case of the TGF,B3 anti-
sense riboprobe, the blots were prehybridised
overnight at 65°C in 50% formamide, 0.5%
sodium dodecyl sulphate (SDS), 5X SSC, 5X
Denhardt's solution (1 x Denhardt's=0-02%
ficoll, 0-02% polyvinylpyrrolidone, and 0-02%
bovine serum albumin), 250 ,ug/ml salmon
sperm DNA, and 50 mM Na2PO4, pH 6-5. The
blots were then hybridised for 18 hours at 65°C
in the presence of 1x 106 cpm/ml of the labelled
antisense riboprobe, washed twice at 65°C in a
solution containing 1>x SSPE (150 mM NaCl,
10 mM NaH2PO4, and 1 mM EDTA), and
0 5% SDS, and twice at 65°C in a solution
containing 0-1 x SSPE and 0.5% SDS.'9
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In the case of cDNA probes, blots were

prehybridised overnight at 42°C in a pre-

hybridisation buffer that contained 50%
formamide, 1% SDS, 0-75 M NaCl, 5 mM
EDTA, 5 X Denhardt's solution, 100 ,ug/ml
salmon sperm DNA, 10% Dextran sulphate,
and 50 mM NaH2PO4, (pH 7.4). The hybrid-
isation was carried out at 42°C for 12 hours
with the labelled cDNA probe (1 X 106 cpm/

ml), rinsed twice (50°C) in 2x SSC, and
washed three times at 55°C in 0-2X SSC and
2% SDS."9

All blots were then exposed at -80°C to Fuji
x ray films with intensifying screens, and the
intensity of the radiographic bands was

quantified by video densitometry (Biorad 620,
USA), as previously reported.'9

Probe synthesis
TGF,B1 cDNA, TGFP2 cDNA, and TGFP3
cRNA probes were derived from rat clones and
have been described in previous reports.2' The
TGF1I probe consisted of a 507 bp PCR
fragment cloned from rat pancreas cDNA,
corresponding to nucleotides 467-951.21 The
TGF,B2 probe consisted of a 544 bp PCR
fragment cloned from rat pancreas cDNA,
corresponding to nucleotides 1220-1751.21
The TGFP3 probe consisted of a 389 bp PCR
fragment cloned from rat pancreas cDNA,
corresponding to nucleotides 793-1151 21
The collagen cDNA probe consisted of a

1-8 kb EcoR I fragment of human fibroblast
type I collagen cDNA (ATCC, Rockville,
Maryland, USA).
The amylase cDNA probe consisted of a 545

bp EcoR I/Sau3A fragment of human amylase
(ATCC, Rockville, Maryland, USA).
The 7S cDNA probe consisted of a 190 bp

BamHI fragment of the mouse 7S cytoplasmic
cDNA.'9 20

The TGF,B3 antisense probe used for
northern blot analysis was radiolabelled with
[t32P]CTP (DuPont, Boston, MA, USA) using
a transcription kit (Promega, Madison, WI,
USA). [CK_32 P] dCTP (DuPont, Boston, MA,
USA) was incorporated into cDNA probes
using a random primer labelling system
(Boehringer-Mannheim, Mannheim,
Germany).22 All the membranes were re-

hybridised with the 7S cDNA probe to assess

equivalent RNA loading.'9 20

IMMUNOHISTOCHEMISTRY FOR TGFI ISOFORM

Paraffin wax embedded tissue sections (2-3
,um) were subjected to immunostaining using
the alkaline phosphatase staining procedure
(Kirkegaard & Perry Laboratories,
Gaithersburg, MD, USA).22 Tissue sections
were submerged for 15 minutes in TBS buffer
(10 mM TRIS-HCL, 0-85%, NaCl, pH=7-4)
containing 0)3%/- (vol/vol) Triton X-100, and

then were washed for five minutes in TBS
solution. After treatment with hyaluronidase (1
mg/ml in 100 mM sodium acetate, 0-85%
NaCl), the sections were incubated for 30
minutes at 37°C with 10% normal goat serum
before overnight incubation at 4°C with the

specific polyclonal antibodies against TGFP1,
32, and 13 (Leslie Gold) diluted in 10%
normal got serum (final concentration 2-5
,ug/ml each). Bound antibody was detected
with a biotinylated goat antirabbit IgG secon-
dary antibody and a streptavidin alkaline phos-
phatase complex. This was followed by incu-
bation ofPhThaloRED solution (Kirkegaard &
Perry Laboratories, USA) as the substrate and
counterstaining with Mayer's haematoxylin.
The isoform specific antibodies to mature

TGF13, TGFP2, and TGFP3 were generated
in the laboratory of L I Gold and their
preparation and characterisation are described
in detail previously.23 No cross reactivity
among the antibodies was observed.20 21 23
To ensure specificity of the immunostaining

reactions, consecutive sections were either
incubated in the absence of the primary anti-
body or with a non-immunised rabbit IgG
antibody. In both cases no immunostaining
was detected.

STATISTICAL ANALYSIS

Results were expressed as median and range.
For statistical analysis the non-parametric test
of Wilcoxon was used.24 Significance was
defined as p<0-05.

Results
In the following analyses, similar results were
obtained for the untreated control (group 1)
and the sham treated (group 3) group at all
time points and all parameters examined.

HISTOLOGICAL CLASSIFICATION OF THE

SEVERITY OF ACUTE PANCREATITIS

Severity of acute pancreatitis was determined
using the Spormann classification. Animals in
the control group (group 1) and the sham
treatment group (saline infusion; group 3, all
time points) had a median point score of 0
points (range: 0-2 points). Animals in the
oedematous acute pancreatitis group (group 2)
showed an increase in the median Sporman
point score after induction of acute pancreatitis
by caerulein infusion. In these animals, the
median score increased to 16 (range: 15-18),
15 (range: 13-16), and 12 (range: 11-13)
points after four hours, eight hours, and one
day, respectively, with the highest Spormann
point score found four hours after caerulein
infusion. After four hours, the histomorpho-
logical severity of acute pancreatitis decreased
continuously. On day 5, the median Spormann
score in group 2 animals was 1 1 (range: 9-12)
points, and on day 7 it was 7 (range: 6-8)
points.

QUANTIFICATION OF SERUM AMYLASE
The serum amylase concentrations in animals
of group 1 and group 3 (before and all time
points after saline infusion) were comparable
with those in animals before the induction of
acute pancreatitis in group 2. After induction
of acute pancreatitis by caerulein infusion,
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between TGF/1, T(
the median of six an
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were detectable in the pancreases of rats in
group 1 (control group) and group 3 (sham
treated group) (=controls, Fig 1). In contrast,
TGF,B1 mRNA levels were considerably in-

-, * > creased in group 2 rats after induction of acute
oedematous pancreatitis. Expression of the 2-4
kb TGFB1 mRNA levels showed a biphasic
peak pattern after caerulein infusion. The

_*_t highest TGF,13 mRNA expression levels were
found on day 1, day 2, and day 3, with a sharp
decrease on day 4. On days 5 to 7 TGFI 1
mRNA levels showed a less pronounced
increase (Figs 1 and 2). Densitometric analysis

*i _ :.xi: _ . ..........................
......

of the northern blots showed sixfold and
threefold increases in the mRNA levels of
TGF, 1 in the pancreatitis induced animals
compared with animals of group 1 and 3, when
measured at day 3 (p<001) and day 7
(p<001), respectively (Figs 1 and 2).

Figure 1: Northern blot analysis of TGF,81, TGF(32, and TGFI2 mRNA expression was also
TGF,83, in the normal rat pancreas (controls=lanes 1 and detectable in the pancreases of all control and
2: control (untreated) pancreas ofgroup 1; lane 3: sham sham treated animals. However, five times
treated rats day 1; lane 4: sham treated rats day 3) and longer exposure times for the 5a1 and 2d1 kb
one, two, three, four, five, six, and seven days after TGF*2mRNA moieties were required toinduction of acute pancreatitis (acute pancreatitis).
Hybridisation of the northern blots with a 7S cDNA probe equal the signal observed for TGF,B 1 (Fig 1).
venfied equivalent RNA loading. TGF/31 migrates as a In contrast, TGF,B2 mRNA levels had already
2T4 kb band, TGF382 as 21 and S1 kb bands, and increased in group 2 animals within four hoursTGFI33 as a 3-8 kb band.

after the induction of acute pancreatitis (Fig 1).
There was also a biphasic TGF02 mRNA peak

serum amylase levels in group 2 animals pattern, with peaks at day 1 and day 5 (Fig 2).
increased by 830% and by 730% at four hours In contrast with TGF,1 mRNA, TGFB2
and eight hours, respectively. The first day mRNA decreased continuously between day 1
after acute pancreatitis induction, the serum and day 4. Comparable to TGF 1, there was
amylase values returned to normal. an increase in TGFP2 mRNA expression on

day 5, with mRNA levels similar to those
measured on day 1 (Figs 1 and 2). Densito-

NORTHERN BLOT ANALYSIS metric analysis of the northern blots indicated
To determine TGFP mRNA levels in pan- that, in comparison with the control and sham
creatic repair after oedematous pancreatitis, pancreases, the acute pancreatitis tissues
northern blot analysis of total pancreatic RNA showed a 2*5-fold and 2-3-fold increase in the
was performed. Low levels of TGF 1 mRNA mRNA levels encoding TGFP2 at days 1 and

5 (both p<0-01) (Fig 2).
TGF,B3 mRNA (3-8 kb) expression was

TGF I3 detectable in the pancreases of all control and
TGF 2 ------ sham treated animals. TGF,B3 mRNA levels
TGF p1 were considerably increased in the rats of

group 2 after the induction of acute oede-
matous pancreatitis (Figs 1 and 2), and a
biphasic peak pattern was also seen, with a
TGF,3 mRNA peak at eight hours and at day
2 and again at day 5 after induction of acute
pancreatitis. Similar to the expression pattern
ofTGF,31 and TGFB2 mRNA, lower TGF,33
mRNA levels were found on day 4 after

/ / ,> XV. , pancreatitis induction (Figs 1 and 2). Densito-
metric analysis of the northern blots showed
that, in comparison with the control and sham

- ~---pancreases, there were fivefold and 3*5-fold
increases in the mRNA levels encoding
TGFP3 at days 2 (p<0-01) and 5 (p<0-01),

I I I I I I I I I respectively (Fig 2).
4 8 1 2 3 4 5 6 7 Because TGF,3s are potent inducers of

collagen synthesis, we analysed the expression
Ll of collagen type I mRNA before and after the

Hours Days induction of acute pancreatitis. In the control
tric quantification of the northern blot results of TGFf31, TGFI82, and and sham rat pancreases, collagen type I
ression. The RNA levels are expressed as the ratio ofoptical density mRNA expression was only visible in one
'GF/2, and TGF,83 and the corresponding 7S signals. The values are sample by northern blot analysis (Fig 3). Eight
itmals. The median of the control (untreated) and sham treated animals
rats with acute pancreatitis the percentage change ofmRNA was hours after the induction of acute oedematous

pancreatitis, collagen type I mRNA expression
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Controls Acute pancreatitis
'Hours Days

| 1 ~~~~48 1 2 3 4 5 6 7

Collagen

*WUlUVqP9 USPW-,p..a Amylase

Aft 7S

Figure 3: Northern blot analysis of collagen type I and
amylase in the normal rat pancreas (controls=lanes I and
2: control (untreated) pancreas ofgroup 1; lane 3: sham
treated rats day 3; lane 4: sham treated rats day 4) and
one, two, three, four, five, six, and seven days after
induction ofacute pancreatitis (acute pancreatitis). The
northern blots were rehybridised with a 7S cDNA probe to
verify equivalent RNA loading.

started to increase (Figs 3 and 4). The highest
expression levels were found from day 1 to day
3, with a sharp decline on day 4. On day 5,
collagen mRNA expression increased again,
followed by a slow decrease on day 6 and day
7 (Figs 3 and 4). Densitometric analysis of the
northern blots showed that, in comparison with
the control and sham pancreases, there were
fivefold and 5-6-fold increases in the mRNA
levels encoding collagen type I, at days 1
(p<0-01) and 3 (p<0O01), respectively (Fig 4).
Thus, in general the induction of collagen
mRNA followed a biphasic pattern of
expression similar to TGFB isoforms. To
investigate whether mRNA synthesis generally
shows a time dependent increase after
inducting acute pancreatitis, the expression of
amylase mRNA was analysed. In contrast with

Controls

Figure 4: Densitome
mRNA expression.
collagen or amylase i

animals. The media;
percentage change oj

TGFI 1, 12, 1B3, and collagen mRNA
expression, amylase mRNA levels were com-
parable with those of control and sham rats.
There was only a slight decrease of amylase
mRNA expression visible on days 1 to 3 (Figs
3 and 4). Densitometric analysis of the
northern blots showed that, in comparison with
the control and sham pancreases, at day 3 there
was 1-6-fold decrease in the mRNA levels
encoding amylase (not significant) (Fig 4).

IMMUNOHISTOCHEMISTRY
In the control and sham pancreases, mild cyto-
plasmic TGF1 1 (Fig 5A), TGFP2 and TGF,3
immunoreactivity was present only in a few
acinar and ductal cells. After induction of acute
pancreatitis, there was a considerable increase
in the intensity and frequency of TGF,B 1
immunostaining in the pancreatic acinar cells
of group 2 rats (Fig 5B, day 1). The immuno-
histochemical findings are consistent with the
results obtained by northern blot analysis.
Intense TGF,B1 immunoreactivity was found
from day 1 to day 3 and from day 5 to 7 in
almost all acinar cells. On day 4 TGFI3 1
immunoreactivity was slightly weaker, but still
more intense than in the control or sham
pancreases.
TGF,B2 immunostaining in acute pan-

creatitis was also increased after pancreatitis
induction (Fig 5C, day 1). Most acinar cells
exhibited moderate TGF,B2 immunoreactivity,
comparable to that of TGF1 1. The most
intense immunostaining was found on days 1
and 7. On days 2 to 6, TGF,B2 immuno-
staining was slightly weaker, but still more
intense than in the control or sham
pancreases.

Also, TGFI3 immunoreactivity was more
intense in most acinar cells after pancreatitis
induction (Fig 5D, day 1). The time pattern of
TGFP3 immunostaining was comparable to
that of TGF,B 1. The strongest TGF,3
immunoreactivity was found between eight
hours and day 2 and on day 6.

Discussion
In this study we investigated the role ofTGF1s
in pancreatic remodelling after acute oede-
matous pancreatitis in rats. As a model for
oedematous pancreatitis, caerulein hyper-
stimulation was used, which leads to interstitial
oedema, inflammatory cell invasion, and
patchy degeneration or cytoplasmic destruc-
tion of acinar cells, as previously reported."5
The large autophagic cytoplasmic vacuoles
typical of caerulein induced acute pancreatitis
resemble those seen in human acute pan-
creatitis."5 After cessation of supramaximal

4 8 1 2 3 4 5 6 7 stimulation, gradual regeneration follows, with
structural and functional recovery nine to 12

Ll days after caerulein infusion.26
Induction of acute pancreatitis in our study

Hours Days led to a biphasic peak pattern of TGF131, ,B2,
,tric quantification of the northern blot results ofcollagen and amylase and 1B3 mRNA expression, with a pronounced
The RNA levels are expressed as the ratio ofoptical density between increase from day 1 to day 3 and again from
and the corresponding 7S signal. The values are the median ofsix
n of the controls was set as 100%. In rats with acute pancreatitis the day 5 to day 7. Immunohistochemical analysis
fmRNA was calculated. showed that TGF,3s were mainly present in the
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A

Figure 5: Immunohistochemical analysis of TGF,B1 (A, B), TGF,82 (C), and TGF,B3
(D) in the control (untreated, group 1) rat pancreas (A) and one day after the induction
acute pancreatitis (B, C, D) by caerulein. Induction of acute pancreatitis led to an incre4
in immunoreactivity (red colour) of TGF131 (B) TGF,82 (C), and TGF,B3 (D) in the
pancreatic acinar cells.

pancreatic acinar and ductal cells. Int
estingly, all three TGF,B mRNA moiet
showed a considerable decrease on day 4. T
changes in TGFI mRNA expression were
sociated with a comparable pattern
expression of collagen mRNA. Because TG
isoforms induce matrix proteins such
collagen and fibronectin, etc, we interp
these results to show that the change in expri
sion of collagen mRNA is due to the increas
amounts of TGF, present in the pancreati
tissues. In contrast with TGF,s and collag4
amylase mRNA expression was not chang
after induction of acute oedematous pE
creatitis. These findings show that in l
course after the induction of acute pancreatii
there is a time dependent regulation in l
levels of TGFps and collagen, which mij
contribute to the recovery of pancrea
damage and might stimulate pancreatic repa

Upregulation of TGF, 1 transcription I

been reported for several in vivo syste
involving injury and repair, such as excisioi
wounding and burn injury, phorbol es

treatment of skin, experimental myocard
infarction, bone fracture healing, pancrea
and liver regeneration.27 33 In the case

phorbol ester treatment, the increase
TGF,B1 mRNA levels is transient and can

detected as early as two to three hours after
application.29 In contrast, TGF3 response
cell injury occurs later in other cell syster
increased levels of TGFI1 mRNA were r

observed until 48 hours after ligation of
coronary artery in the experimental model
myocardial infarction30; at day 5 and again
day 15 after fracture of the femur in ri

coinciding with the onset of osteome
braneous bone formation and endochond
ossification, respectively3"; at 24 to 72 hoi
after partial hepatectomy, coinciding w
cessation of compensatory growth33; and i

peak of TGF,B activity during repair of I

thickness excisional wounds occur at five d
after injury.27

In the milieu of the inflammatory site, the
locally concentrated levels of inflammatory
mediators are chemotactic and also stimulate
monocytes to undergo increased phagocytic
and lysosomal activity, to release oxygen inter-
mediates and arachidonic acid products, and to
generate cytokines, which are important in the
maintenance and amplification of the inflam-
matory reaction.34 Recent studies show that
TGF,Bs can rapidly modulate this phagocytic

D process by modulating the expression of recep-
tors on monocytes for the constant region (Fc)
of immunoglobulins.35 This rapid modulation
of Fc y receptor expression and function by
TGFIs may play an important part in
mediating phagocytosis in the early stages of an
inflammatory response. Our data show that at
24 hours after induction of acute pancreatitis,
increased expression ofTGFIs was present in
the pancreas. The localisation ofTGFps in the

of pancreatic acinar and ductal cell shows that the
ase TGF, dependent cellular changes are pri-

marily derived directly from the pancreas and
not from infiltrating inflammatory cells.
TGF,3s have a profound impact on the

-er- deposition of the extracellular matrix that is
Lies central to tissue repair.36 In this respect, TGFIs
nhe are not only potent chemoattractants for fibro-
as- blasts, but also upregulate transcription, trans-
of lation, and release of matrix components.8 27

F,B Specifically, TGF, has been shown to stimulate
as gene expression and increase synthesis and

oret secretion of collagen type I, fibronectin, and
es- other extracellular matrix proteins.12 38 This
sed increased production ofmatrix proteins coupled
itis with the unique ability ofTGFIs to both inhibit
en, matrix degrading enzymes and increase the
red secretion of protease inhibitors may result in a
an- pronounced profibrotic influence of
the TGFPs.39A2 In the experimental model of acute
tis, oedematous pancreatitis, used in these studies,
the collagen mRNA expression was clearly
ght increased within the first three days after
ltic caerulein infusion. Collagen paralleled the
iir. expression pattern of TGF,3 mRNA, with a
has peak at day 1, for TGFI1 and TGFI2 and at
ms day 2 for TGFP3. These findings suggest that
nal the extracellular matrix synthesised in the early
;ter phase of pancreatic damage may be influenced
lial by TGFps. Our results are in agreement with
itic previous data collected in experimental
of pancreatitis. In these experiments [3H]-labelled
in thymidine incorporation into total DNA after
be induction of caerulein pancreatitis showed a
its biphasic pattern, with a sharp peak at day 1 and
to a broad peak between days 4 and 7.435 During

ns: the first 24 hours, exclusive [3Hl-labelled
not thymidine incorporation occurred in ductal cells
f a and periacinar fibroblasts. This observation
Lof shows an increased proliferative activity of
at fibroblasts at the early stage ofpancreatic repair,

ats, an activity paralleled by an increase in collagen
m- synthesis. In our study we found raised
lral expression of TGF,s and collagen mRNAs in
urs the early phase after pancreatitis induction. This
rith increase in collagen expression might be
the induced by TGF,Bs deriving from the pancreatic
full acinar and ductal cells and thus indicates a
ays possible paracrine mechanism of acinar and

ductal cells with interstitial fibroblasts. Between
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TGFJ and pancreatic repair

days 4 and 7, [3H]-labelled thymidine was
incorporated predominantly into acinar cells,
indicating that acinar repair after caerulein
induced pancreatitis might be mainly due to
mitotic activity of the remaining acinar cells.45
The second peak of TGFIs mRNA expression
was present between days 5 and 7, suggesting
that in this second phase of pancreatic repair,
TGF3s may be involved in both stromal and
parenchymal repair, in a paracrine and
autocrine fashion, respectively.

In conclusion, increased expression of all
three mammalian TGF,s seems to play an
important part in pancreatic repair and re-
modelling after acute oedematous pancreatitis.
The increased levels of TGFP1, TGFP2, and
TGFI3 might contribute to the changes in the
extracellular matrix and to the repair of the
pancreatic acinar and ductal cells.
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