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Abstract
Background/Aims—Chronic pancreatitis
is an inflammatory disease of the exocrine
pancreas associated with extensive fibro-
sis, enlarged pancreatic ducts, acinar cell
degeneration, and the formation of tubu-
lar complexes. The molecular and bio-
chemical alterations associated with these
histological changes are not kown. Gener-
ally, the new family of TFF peptides
(formerly known as P-domain peptides or
trefoil factors) is aberrantly expressed
during chronic inflammatory diseases of
the gastrointestinal tract.
Methods—Using human pancreatic tis-
sues obtained from patients with chronic
pancreatitis and murine pancreatic tis-
sues obtained from transgenic mice over-
expressing transforming growth factor á
(TGF-á), the expression and cellular dis-
tribution of TFF1 was analysed using
northern blot analysis, polymerase chain
reaction (PCR), and immunohistochem-
istry.
Results—In the normal human pancreas,
TFF1 was scarce, with only a few ducts
exhibiting cytoplasmic TFF1 immunoreac-
tivity. In contrast, human chronic pancrea-
titis tissue specimens exhibited strong
TFF1 immunoreactivity in ductal cells,
areas of ductal hyperplasia, and tubular
complexes. Semiquantitative PCR analysis
of TFF1 mRNA levels showed enhanced
expression of TFF1 in the pancreas of
patients with chronic pancreatitis. Fur-
thermore, TFF1 mRNA levels were detect-
able in the pancreas in four of five
transgenic mice overexpressing TGF-á. In
contrast, four of five wild type mice did not
exhibit a TFF1 mRNA transcript. In addi-
tion, while no specific TFF1 immunoreac-
tivity was present in the pancreas of the
wild type mice, ductal epithelial cells and
duct-like tubular complexes in the pan-
creas of the transgenic mice overexpressing
TGF-á exhibited pronounced TFF1 immu-
noreactivity.
Conclusions—Ductal cells and tubular
complexes in pancreatic fibrosis express
TFF1. As the 5'-flanking region of TFF1
contains an epidermal growth factor re-
sponsive enhancer region and the expres-
sion of epidermal growth factor and TGF-á
is enhanced in pancreatic fibrosis, the
enhanced expression of TFF1 in pancreatic
fibrosis may be mediated by TGF-á.
(Gut 1999;45:105–111)
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Chronic pancreatitis is an inflammatory dis-
ease of the exocrine pancreas, which is charac-
terised by the destruction of pancreatic paren-
chyma leading to exocrine and endocrine
insuYciency.1 2 The histomorphological
changes present in chronic pancreatitis include
tubular complexes, enlarged pancreatic ducts,
pseudoductular hyperplasia, atrophy, replace-
ment of the functional parenchyma by variable
amounts of fibrosis, and infiltration by mono-
nuclear cells.3 4 The biochemical and molecu-
lar mechanisms that underly the pathophysiol-
ogy of chronic pancreatitis are poorly
understood. Release of cytokines from inflam-
matory cells may be involved in stimulating
fibroblast proliferation and collagen
biosynthesis.4 Recent analysis showed overex-
pression of growth factors and their receptors
in the fibrotic areas. The pancreas of patients
with chronic pancreatitis overexpresses the
epidermal growth factor (EGF) receptor and
transforming growth factor á (TGF-á), as well
as acidic and basic fibroblast growth factors
and platelet derived growth factors.5–8 These
observations suggest that changes in the
pattern of growth factor expression may be
involved in the pathophysiological processes
that occur in chronic pancreatitis. Further-
more, transgenic mice that overexpress TGF-á
exhibit marked pancreatic fibrosis and transdif-
ferentiation of acinar cells into tubular struc-
tures in the absence of an inflammatory
reaction.9

Secretory TFF peptides (formerly called tre-
foil factors or P-domain peptides)10 constitute a
family of three members, TFF1 (formerly
named pS2), TFF2 (formerly named human
spasmolytic peptide), and TFF3 (formerly
named intestinal trefoil factor/hP1.B), which
exhibit a characteristic TFF domain containing
three conserved disulphide bridges.11–14 As their
expression is greatly enhanced in areas of
gastrointestinal damage after peptic ulceration
and chronic inflammation, TFF peptides are
attributed a key role in mucosal restitution and
repair.11 15 TFF1 consists of a single TFF
domain which is cleaved from a precursor.16

Originally, the TFF1 transcript was identified
by diVerential screening of a cDNA library

Abbreviations used in this paper: TFF, trefoil
factor family; EGF, epidermal growth factor; TGF-á,
transforming growth factor á; RT-PCR, reverse
transcription polymerase chain reaction; GAP,
glyceraldehyde-3-phosphate dehydrogenase.
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prepared from MCF-7 breast cancer cells
grown in the presence of oestrogen. Transcrip-
tion of TFF1 is inducible by EGF and phorbol
myristate acetate, as well as c-Jun, because of
the existence of a complex enhancer region
apart from its oestrogen responsive promoter,
located 5' upstream of the TFF1 gene on chro-
mosome 21q22.3.17 This factor was shown to
be overexpressed in a variety of epithelial
malignancies, such as gastric, pancreatic,
breast, and ovarian cancers.18–21 Furthermore,
its expression is highly correlated with the
presence of oestrogen receptors in breast and
ovarian cancers.19 Recent analysis points to a
role for TFF1 in the promotion of epithelial
cell migration, promoting the hypothesis that
TFF peptides act as motogens.22–25 In contrast,
inactivation of TFF1 leads to the development
of severe hyperplasia and dysplasia, as well as
adenomas and carcinomas of the antral and
pyloric mucosa in TFF1 null mice, indicating
that TFF1 may also be essential for the diVer-
entiation of epithelial cells in the gastro-
intestinal tract.26

As the formation of tubular complexes
occurs in the inflammatory pancreas27 and
recent data point to the existence of an acinar-
ductal-carcinoma sequence arising in the duct-
like epithelium of these tubular complexes,28 29

we sought to assess the expression of TFF1 in
the pancreatic parenchyma of patients with
chronic pancreatitis and in the pancreas of
transgenic mice overexpressing TGF-á which
share similar histomorphological changes.9

Using northern blot analysis, immunohisto-
chemical, semiquantitative and qualitative
polymerase chain reaction (PCR) approaches,
we analysed the expression of TFF1 in ductal
epithelial and acinar cells in chronic pancreati-
tis, in tubular complexes in the pancreatic
parenchyma of patients with chronic pancreati-
tis, and in the pancreas of transgenic mice
overexpressing TGF-á.

Materials and methods
The following products were purchased: Hy-
bond membranes and [á-32P]dCTP (3000
Ci/mmol) from Amersham (Braunschweig,
Germany); Taq polymerase from Gibco-BRL
(Eggenstein, Germany); pGEM3Zf vector
from Promega Biotech (Mannheim, Ger-
many); oligonucleotides from MWG-Biotech
(Ebersberg, Germany). All other chemicals
and reagents were of molecular biology grade
and were purchased from Sigma Chemical
(Deisenhofen, Germany).

TRANSGENIC MICE

Transgenic mice were obtained from E Sand-
gren (University of Pennsylvania, Philadelphia,
PA, USA). This line was generated by the

introduction of the elastase promoter fused to
the rat TGF-á cDNA, leading to the overex-
pression of TGF-á mRNA and protein in the
pancreas.30 Five transgenic animals were used
for this study; control animals were of the BL6
strain. All animals were maintained on labora-
tory chow and tap water. They were housed
and treated in accordance with appropriate
guidelines. On day 120 they were killed, the
pancreas was removed, and tissues were snap
frozen in liquid nitrogen. In all transgenic mice
the pancreas exhibited characteristic cytologi-
cal and histological changes, such as fibrosis
and transdiVerentiation of acinar cells, as the
result of the overexpression of TGF-á in the
pancreas.9 30

TISSUE SAMPLES

Chronic pancreatitis tissues were obtained
from patients undergoing pancreatic surgery
(three women and seven men). Normal pan-
creatic tissues were obtained from five men and
five women through an organ donor pro-
gramme. To ensure sampling uniformity, tissue
samples from organ donors and patients with
chronic pancreatitis were always obtained from
the head of the pancreas. The median age of
the patients with chronic pancreatitis was 42
years (range 27–50), and that of the organ
donors was 42 years (range 14–60). Immedi-
ately after surgical removal, all tissue samples
were either fixed in Bouin’s solution or frozen
in liquid nitrogen. All chronic pancreatitis
tissue samples were graded independently by a
pathologist, and classified histologically as
exhibiting moderate to severe disease with
areas of fibrosis, acinar cell atrophy, and ductal
cell proliferation.31

RNA EXTRACTION

Total RNA was extracted from the human
pancreatic tissues and the pancreas of the
transgenic mice by the acid guanidinium thio-
cyanate method.32

POLYMERASE CHAIN REACTION (PCR)
Two primer sequences, corresponding to the
respective mRNA of human and mouse TFF1,
mouse TFF2 and TFF3, and rat
glyceraldehyde-3-phosphate dehydrogenase
(GAP) were used for reverse transcription
PCR.33 34 Table 1 gives all the primer sequences.
â-Actin cDNA was amplified as previously
described.8 cDNAs were synthesised from total
RNA (1 µg/sample) isolated from human and
mouse pancreatic tissues, using oligodeox-
ythymidylate and reverse transcriptase.32 After
inactivation, 1 µl of the reaction mixture was
incubated in buVer containing 0.2 mM concen-
trations of dATP, dCTP, dGTP, and dTTP, 0.2
µM concentrations of each oligonucleotide

Table 1 Primer sequences used for reverse transcription polymerase chain reaction analysis

Name Sense (5'–3') Antisense (5'–3') Size (bp)

mTFF1 AAACATGTATCATGGCCC GAATTCGAGGACTAAAAGTCTG 322
mTFF2 TTCCACCCACTTCCAAAC AATGCTGTGTCTAGCCACTG 310
mTFF3 CAGATTACGTTGGCCTGTCTCC ATGCTTGCTACCCTTGGACCAC 254
rGAP GCTGGATCCTTCATTGACCTCAACTAC CGAGAATTCATACCAGGAAATGAGC 860
hTFF1 GAGAACAAGGTGATCTGCGC TGGTATTAGGATAGAAGCACC 208

m, mouse; r, rat; h, human.

106 Ebert, HoVmann, Haeckel, et al

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.45.1.105 on 1 July 1999. D

ow
nloaded from

 

http://gut.bmj.com/


primer, 3 mM MgCl2, and 10 × buVer consisting
of 200 mM Tris-HCl (pH 8.0), 500 mM KCl,
and 1 U Taq polymerase.32 Reaction cycles con-
sisting of 45 seconds at 94°C, one minute at
55°C, and 90 seconds at 72°C were repeated 35
times for amplification of human TFF1. Mouse
TFF PCR conditions consisted of 40 cycles of
30 seconds at 94°C, 30 seconds at 60°C, and 30
seconds at 72°C. The PCR products were size
fractionated on polyacrylamide gels (human
TFF1) and 1.2% agarose gels (mouse
TFF1–3).32

SEMIQUANTITATIVE PCR ANALYSIS

Semiquantitative analysis of TFF1 expression
was performed using a protocol previously
described by Dallman et al.35 Briefly, after
reverse transcription of the extracted total
RNA, 1/20th of the cDNA was used for the
PCR analysis. Primers were used at final
concentrations of 0.2 µM. Primer sequences
and PCR conditions are described above. PCR
products were analysed by gel electrophoresis
and dot blot hybridisation. A 15 µl portion of
the amplification mixture was removed every
five cycles from 20 to 35 cycles of PCR. The
samples were dot-blotted to nylon membranes
and probed using a [32P]dCTP-random primed
labelled TFF1 cDNA probe.32 35

NORTHERN BLOT ANALYSIS

Total RNA was size-fractionated, and blotted
on to nylon membranes as previously
described.32 The blots were prehybridised for
one hour at 42°C in prehybridisation buVer
containing 50% formamide, 0.1% sodium
dodecyl sulphate, 5 × SSC (0.15 M NaCl +
0.015 M sodium citrate), 2.5 × Denhardt’s,
250 µg/ml salmon sperm DNA, and 50 mM
Na2PO4, pH 6.5. The blots were hybridised at
42°C for 16 hours with the labelled cDNA
probes, and washed as previously described.34

The blots were exposed at −80°C to Kodak
XAR-5 film with Kodak intensifying screens.

cDNA PROBE SYNTHESIS AND LABELLING

A 208 bp cDNA fragment of human TFF1 was
amplified by PCR and specific primers as out-
lined above.33 34 The PCR product was size
fractionated on an agarose gel to determine the
correct size. After elution from the agarose gel,
the cDNA fragment was sequenced using an
automated fluorescence sequencer in order to
confirm the sequence of the cDNA fragment.
Subsequently the TFF1 cDNA fragment, cor-
responding to nucleotides 52–260,33 34 and a
190 bp BamHI fragment of the mouse 7S
cDNA,36 which cross hybridises with human 7S
RNA and which was used to verify equivalent
RNA loading, were random prime labelled
with [32P]dCTP.32

IMMUNOHISTOCHEMISTRY

The presence of human TFF1 was assessed
using paraYn wax embedded tissue sections (n
= 10 for chronic pancreatitis and normal pan-
creas), and the presence of mouse TFF1 was
assessed using frozen tissues obtained from
three transgenic mice and three controls. The
human tissues were fixed in Bouin’s solution

and paraYn wax embedded, and the murine
tissues were snap frozen. A highly specific
polyclonal antibody for TFF1 (pNR-2/pS2)
(Dianova, Hamburg, Germany) was applied.
This antibody was raised against a synthetic 31
amino acid peptide corresponding to the
C-terminus of the human TFF1/pS2 protein37,
KGCCFDDTVRGVPWCFYPNTIDVP-
PEEECEF. The specificity of the antibody had
been previously confirmed by preadsorption of
the primary antiserum with the synthetic pep-
tide and the immunogen and by western blot
analysis.37 38 ParaYn wax sections (4 µm thick)
were deparaYnised and rehydrated. The frozen
tissues were fixed in acetone (4°C) for five
minutes. The antiserum was diluted to 1:120
(paraYn wax) and 1:150 (frozen) in buVer
containing 50 ml RPMI 1640, 450 ml distilled
water, and 50 ml fetal bovine serum (pH 7.5).
For negative controls, the primary antibody
was omitted. For a positive control we used
gastric tissues and breast cancer tissues from
humans and gastric tissues from wild type
mice. All sections were subjected to microwave
treatment for 3 × 10 minutes in citrate buVer.
Endogenous peroxidase activity was inhibited
by immersing the sections in 3% H2O2 for five
minutes. The sections were incubated with the

Figure 1 TFF1 immunoreactivity in tubular complexes in
pancreatic fibrosis. (A) Transgenic mice overexpressing
transforming growth factor á. Strong TFF1
immunoreactivity was observed in the duct-like cells of
tubular complexes (arrowheads). (B) Human chronic
pancreatitis. TFF1 immunoreactivity was also present at the
surface of these duct-like cells forming a central lumen
(arrowheads). Original magnifications: A, 120 ×; B, 400 ×.
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antiserum at 37°C for one hour and washed
with Tris buVered saline. The reaction was
detected using the ABC detection kit labelled
with alkaline phosphatase (Vector, Burlingame,
California, USA). The analysis was performed
according to the manufacturer’s recommenda-
tions and all reactions were performed at 23°C.
Finally, the sections were counterstained with
Mayer’s haematoxylin.32

Results
TFF1 IS LOCATED IN DUCTAL CELLS AND
TUBULAR COMPLEXES IN THE PANCREAS OF
TRANSGENIC MICE OVEREXPRESSING TGF-á
Whereas the pancreas of wild type mice
exhibited no histopathological alterations of
pancreatic morphology (not shown), the pan-
creas of all transgenic mice overexpressing
TGF-á exhibited an increase in total organ size,
extensive fibrosis, and the formation of tubular
complexes9 (fig 1A). In addition, acinar cell
height was decreased in the transgenic mice
leading to the formation of duct-like structures.
To assess the localisation of TFF1 within the
pancreas of the transgenic mice, we performed
an immunohistochemical analysis. Acinar cells
and fibroblasts did not exhibit TFF1 immuno-
reactivity. However, TFF1 immunoreactivity
was found on the surface and the cytoplasm of
ductal cells in the pancreas of the transgenic
mice. Furthermore, while acinar cells in pancre-
atic fibrosis did not exhibit TFF1 immunoreac-
tivity, acinar complexes with decreased acinar
cell height and the formation of a lumen exhib-
ited strong TFF1 immunoreactivity which was
present at the apical surface towards the lumen
of these duct-like structures (fig 1A, arrow-
heads). These duct-like formations, correspond-
ing to the tubular complexes within the pancre-
atic fibrosis of the transgenic mice, exhibited
strong TFF1 immunoreactivity throughout the
pancreas of these transgenic mice (fig 1A).

INDUCTION OF TFF 1 mRNA LEVELS IN THE
PANCREAS OF THE TRANSGENIC MOUSE
OVEREXPRESSING TGF-á
The mRNA transcripts corresponding to the
three TFF peptides in the pancreas of trans-
genic mice overexpressing TGF-á was assessed
using the reverse transcription PCR method.

Figure 2 Reverse transcription polymerase chain reaction (PCR) analysis of TFF1 expression in the pancreas of wild type
and transgenic mice. With cDNAs obtained from total RNA which had been extracted from the pancreas of wild type mice
(wt; n = 4) and mice overexpressing transforming growth factor á (tg; n = 5), a band corresponding to TFF1 was observed
in the pancreas in four of five transgenic mice. In contrast, only one wild type mouse exhibited the TFF1 transcript in the
pancreas. TFF2 was expressed in all transgenic and wild type mice, whereas TFF3 expression was detectable in three of five
transgenic mice. Parallel PCR amplification of the cDNAs using two primers specific for glyceraldehyde-3-phosphate
dehydrogenase (GAP) confirmed the integrity of the cDNAs used. M, DNA marker.
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Figure 3 TFF1 immunoreactivity in chronic pancreatitis.
Strong TFF1 immunoreactivity was present in the vast
majority of pancreatic ducts (A) and areas of ductal
hyperplasia also exhibited intense TFF1 immunoreactivity
(B,C). However, not all ducts exhibited TFF1
immunoreactivity (B, arrowheads), and acinar and islet
cells, as well as fibroblasts and inflammatory cells, were
generally devoid of TFF1 immunoreactivity. Original
magnifications: A, B, 120 ×; C, 400 ×.
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Total RNA was extracted from the pancreas of
wild type and transgenic mice and subjected to
PCR amplification using primers specific for
mouse TFF1, TFF2, and TFF3. Whereas we
could detect no diVerences in TFF2 expression
between the transgenic and wild type mice,
expression of TFF1 and TFF3 in four of five
and three of five transgenic mice respectively
was observed in two subsequent independent
reverse transcription PCR analyses (fig 2). In
contrast, only one of five wild type mice
showed TFF1 mRNA. To confirm the integrity
of the RNA extracted from the pancreas we
performed reverse transcription PCR using
primers specific for GAP, which showed the
presence of GAP in all cases. Northern blot
analysis of TFF1 mRNA levels in the pancreas
of wild type and transgenic mice, however,
failed to detect a specific band corresponding
to TFF1 mRNA.39 The subsequent hybridisa-
tion with a 7S probe and ethidium bromide
staining of total RNA run on agarose gels,
however, confirmed the integrity of the ex-
tracted RNA (not shown).

TFF1 PEPTIDE IS PRESENT IN DUCTAL CELLS AND
TUBULAR COMPLEXES IN HUMAN CHRONIC
PANCREATITIS

In the normal human pancreas, TFF1 immuno-
reactivity was present in a few ductal cells. Nei-
ther acinar nor islet cells exhibited TFF1 immu-

noreactivity (not shown). In the pancreas of
patients with chronic pancreatitis, strong TFF1
immunoreactivity was detectable in the cyto-
plasm and on the surface of ductal epithelial
cells (fig 3). Furthermore, TFF1 was expressed
in areas of ductular hyperplasia and tubular
complexes (fig 1B). Again, acinar and islet cells,
as well as infiltrating mononuclear cells and
fibroblasts, were devoid of TFF1 immunoreac-
tivity in chronic pancreatitis (figs 1 and 3).

TFF1 mRNA LEVEL IS ENHANCED IN CHRONIC

PANCREATITIS

Using total RNA and a cDNA probe specific
for the TFF1 transcript, we were unable to
detect a band corresponding to TFF1 mRNA
in our northern blot analysis. Subsequent
hybridisation with a 7S probe and ethidium
bromide staining of total RNA run on agarose
gels confirmed the integrity of the extracted
RNA (not shown). Therefore we performed
reverse transcription PCR analysis using two
specific TFF1 primers. After polyacrylamide
gel electrophoresis, a single band correspond-
ing to the TFF1 transcript was detectable in
extracts from normal pancreas and patients
with chronic pancreatitis (fig 4A). To assess the
levels of TFF1 mRNA in the normal pancreas
and in chronic pancreatitis, we performed a
semiquantitative PCR analysis of TFF1 ex-
pression. Dot blot hybridisation of PCR prod-
ucts obtained after 25, 30, and 35 cycles
showed enhanced expression of TFF1 in
chronic pancreatitis as compared with the nor-
mal pancreas (fig 4B).

Discussion
Chronic pancreatitis is an inflammatory disease
of the exocrine pancreas characterised by the
replacement of pancreatic parenchyma by
fibrosis.1 2 Apart from fibrosis, the pancreatic
parenchyma may also exhibit enlarged ducts,
infiltration by inflammatory cells, the formation
of duct-like tubular complexes, regions of acinar
cell degeneration, and duct cell proliferation.3 In
human acute and chronic pancreatitis, pancre-
atic cancer, and animal models of acute
pancreatitis, duct-like structures, referred to as
tubular complexes, have been described.4 8

Tubular complexes evolve as the acinar cells
decrease in height and lose acinar cell specific
antigens, paralleled by increased expression of
duct cell markers.9 39

The molecular alterations underlying the
fibrotic changes and the formation of these
duct-like complexes are largely unknown.
Recently, tyrosine kinase receptors, comprising
the large family of growth factor receptors,
have been shown to be overexpressed in the
pancreas of patients with chronic
pancreatitis.5–8 Thus, growth factors of the
EGF, fibroblast growth factor, and platelet
derived growth factor family and their respec-
tive receptors are aberrantly expressed in
chronic pancreatitis.5–8 Furthermore, immuno-
histochemical analysis of the pancreatic paren-
chyma in chronic pancreatitis has shown
enhanced expression of these growth factors in
areas of ductal hyperplasia and ductal metapla-
sia or tubular complexes.5 6 8 The aberrant

Figure 4 (A) Reverse transcription polymerase chain reaction (PCR) analysis of TFF1
expression in the normal pancreas and in chronic pancreatitis. With cDNA obtained from
total RNA extracted from normal pancreatic tissue samples (n = 3) and samples from
patients with chronic pancreatitis (n =3), a band corresponding to TFF1 was present in all
samples, as detected by polyacrylamide gel electrophoresis. Parallel PCR amplification of the
cDNAs using two primers specific for â-actin confirmed the integrity of the cDNAs used.
M, DNA marker. (B) Semiquantitative PCR analysis of TFF1 expression in chronic
pancreatitis. Total RNA was extracted as previously described and PCR analysis was
performed. A 15 µl portion of the amplification mixture was removed every five cycles from
cycles 25 to 35. The samples were dot-blotted to Nylon membranes and probed using a
[32P]dCTP random prime labelled TFF1 cDNA probe.
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expression of growth factors and their tyrosine
kinase receptors in focal proliferative lesions,
such as ductal hyperplasia and ductal metapla-
sia or tubular complexes in pancreatic cancer
and chronic pancreatitis, has given rise to the
hypothesis that tyrosine kinases may contribute
to the formation of potentially preneoplastic
lesions in pancreatic carcinogenesis.40 Further
evidence for the role of tyrosine kinases in pan-
creatic carcinogenesis has come from the
generation of transgenic mice overexpressing
TGF-á.30 The pancreas of these mice is
increased in size, which is accounted for by the
increased formation of connective tissue. Fur-
thermore, transdiVerentiation of acinar cells
leading to the formation of tubular complexes
as described above has been reported in the
pancreas of these mice.9 30 In a recent study, the
formation of tumours originating from these
tubular complexes in the pancreas of TGF-á
transgenic mice has been reported,28 raising the
hypothesis that tubular complexes form pre-
neoplastic lesions in pancreatic carcinogenesis
and supporting the hypothesis of an acinar-
ductal-carcinoma sequence in pancreatic
carcinogenesis.28 29 To assess the role of other
factors that may contribute to the formation of
these complexes, we analysed the expression of
TFF1 in the pancreas of patients with chronic
pancreatitis and in the pancreas of transgenic
mice overexpressing TGF-á, as the two tissues
exhibit comparable histomorphological
changes, such as fibrosis and the formation of
tubular complexes. We chose to assess the
expression of TFF1 in human and experimen-
tal pancreatic fibrosis for several reasons: (1)
TFF1 has been reported to be overexpressed in
pancreatic cancer20 41; (2) TFF1 contains a
complex enhancer region responsive to EGF,
which is overexpressed in chronic pancreatitis
and pancreatic cancer17; (3) TFF1 may act as a
motogen, raising the hypothesis that this factor,
upon induction by EGF and/or TGF-á, may be
involved in the generation of tubular complexes
in pancreatic fibrosis.22–25 In our study, the
expression of TFF1 was enhanced in human
and experimental pancreatic fibrosis. Further-
more, TFF1 expression was localised to ductal
epithelial cells in human chronic pancreatitis
and duct-like cells forming tubular complexes.

Immunohistochemical analysis of the ex-
pression of growth factors and TFF peptides in
human disease, and experimental models of
gastrointestinal mucosal restitution and repair
have led to the understanding that TFF
peptides play an important role in the process
of mucosal repair.11 12 42 Furthermore, an ulcer
associated cell lineage was defined which
exhibits abundant TFF1 expression at the sur-
face cells and the upper duct cells, while TFF2
expression is abundant in the lower duct and
coexpressed with EGF in the glandular area.42

This lineage has been identified in the
intestine, gall bladder, and pancreatic ducts in
chronic pancreatitis.15 42 As the TFF1 gene is
induced by EGF, it was speculated that
secretion of EGF in the basal compartment of
the ulcer associated cell lineage would induce
the expression of TFF1 in the surface cells.
Further evidence for a growth factor depend-

ent induction of TFF1 expression resulted
from the analysis of a complex enhancer region
responsive to oestrogens, EGF, phorbol myr-
istate acetate, and the c-Ha-ras oncoprotein
and the c-Jun protein.17 The induction of
TFF1 expression by growth factors of the EGF
family, such as EGF and TGF-á, was further
supported by analysis of TGF-á knockout and
TGF-á transgenic mice.43 44 The stomach of
transgenic mice overexpressing TGF-á has a
mucosal phenotype closely resembling Men-
etrier’s disease, and an expansion of the foveo-
lar compartment and decrease in the gastric
gland neck and fundic region has been
reported.43 TFF1 expression in the stomach of
these mice is observed in the cells deep in the
gland covering the entire region of foveolar
hyperplasia, raising the hypothesis that TGF-á
may induce the expression of genes related to
the process of diVerentiation along the surface
cell lineages. In a model of TGF-á knockout
mice, expression of TFF2 and TFF3 after gas-
tric ulceration was increased in wild type mice
and unchanged in knockout mice, supporting a
role for TGF-á in the regulation and induction
of gastrointestinal regeneration and diVerentia-
tion mediated by TFF peptides.44

In conclusion, our observation of TFF1
expression in the duct-like tubular complexes
in the pancreas of transgenic mice overexpress-
ing TGF-á and in human chronic pancreatitis,
in which TGF-á is overexpressed in the
pancreatic parenchyma, along with the re-
ported induction of TFF1 by TGF-á in other
transgenic models, raises the hypothesis that
TFF1 may be involved in the formation of
tubular complexes upon induction by TGF-á
and thus points to a role for TFF peptides as
diVerentiation factors.
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