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the K-ras mutation especially in the mucinous cell type (12),
although no spatial relationship between the carcinomas and K-ras
mutation positive lesions could be established (3). Of special inter-
est are duct lesions that show dysplastic changes, as they appear
to be the most likely tumor precursors. Molecular approaches have
revealed that they harbor K-ras mutations at codon 12 in a range
trom 55-75% (12, 13). In addition, Moskaluk eta!. detected muta-
tions of the p16 (MTS1) gene, which is also frequently found in
manifest carcinomas (13). A model of tumor progression compara-
ble to that for colorectal cancer has been suggested by Brat et al.
(14) with emphasis on the degree of cellular atypia. However, it has
been pointed out that it is especially difficult to distinguish papillary
ductal hyperplasia with severe dysplasia from intraductal exten-
sions of the primary carcinoma.

Lesions associated with chronic pancreatitis

Chronic pancreatitis is considered a risk factor for the development
of pancreatic ductal adenocarcinoma (15-18). So far, two histolog-
ical studies have searched for possible precursor lesions in this dis-
ease (9, 19). It was found that nonpapillary epithelial hypertrophy
(mucous cell type) was the most frequent (68%), followed by pap-
illary hyperplasia and squamous metaplasia (both 11%). Severe
dysplasia or ductal carcinoma in situ lesions were not observed. In
contrast, in a study of 70 resection specimens from patients with
chronic pancreatitis, severe dysplasia was reported in 8.6% of the
cases and advanced fibrosis associated with dysplasia in 65%
(20). The authors even concluded that surgical removal of these
lesions should be recommended. Tabata eta!. (21) and MOller eta!.
(22) also reported severe dysplasia in chronic pancreatitis,
although this is not convincingly demonstrated by their illustrations.
Because of the clinical importance and the major consequences for
the patients, a general and reproducible definition and classifica-
tion of the degree of cellular atypia and dysplasia are needed. An
example of this is provided by the WHO classification (2).
Moreover, such duct lesions need to be better characterized so that
true high-risk lesions can be evaluated.
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N.A. Wright

Imperial College School ot Medicine, Hammersmifh Hospital,
Imperial Cancer Research Fund Histopathology Unit, London, UK.

There are several different types of metaplasia in the gastrointesti-
nal mucosa. In the stomach, the most widely recognized of the sev-
eral different types is, of course, intestinal metaplasia, which occurs
in atrophic gastritis and Barrett’s esophagus. In the main, but with
significant differences, this mucosa replicates the functional profile
of intestinal epithelium. However, there are other metaplasias that
appear to have a secretory profile that distinguishes them. Two of
them will be discussed: the so-called ulcer-associated cell lineage
(UACL) in the intestinal mucosa and pseudopyloric metaplasia in
the gastric mucosa.

The ulcer-associated cell lineage

For many years now, pathologists have remarked on the emer-
gence, in chronic intestinal ulcers in the human gut, of tubular
structures containing mucin-producing Cells that are quite dissimi-
lar from those of the indigenous cell lineage (1-4). These complex
structures are confined to the lamina propria, usually close to the
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ulcer margins, and the contained cells produce neutral mucin stain-
ing positively with the diastase periodic acid-Schiff (0/PAS)
method, unlike the acid mucin-producing, alcianophilic intestinal
goblet cells (4). These proliferations were frequently recognized in
Crohn’s disease, ischemic bowel disease and intestinal tuberculo-
sis (1); they were usually explained away as “pyloric” or “pseudopy-
loric” metaplasia (1, 2), or even as “Brunner’s gland” metaplasia
because of morphological similarities with these cells (1). The sug-
gestion was made that the production of these cells in some way
“protected” the mucosa. However, Kawel and Tesluk (1) were quick
to point out that until the function of these cells was established, it
would be fruitless to speculate on their nature.

Recent morphological, immunohistochemical and in situ
hybridization studies have shown that far from being an inert meta-
plasia, these cells do in fact have novel functional properties: they
have a definable life history during which they sequentially acquire
differentiation antigens constituting a distinct phenotype and they
synthesize and secrete large amounts of regulatory peptides of con-
siderable interest. The presence of these cells in the ulcerated
mucosa also appears to induce peptide gene expression in the local
intestinal cells. They also develop their own proliferative organization
(4-8). For these reasons, we propose that these cells, while differen-
tiation progeny of intestinal stem cells, constitute a cell lineage in
their own right: the “ulcer-associated cell lineage”.

Origins and life history of the UACL
The UACL has so far been found only in conditions, which cause
chronic intestinal ulceration, or indeed in ulcerative disease in
endodermal derivatives, such as the pancreas, biliary system and
salivary glands. It can perhaps best be seen in Crohn’s disease of
the small intestine — Crohn’s ileitis. It appears first as a small,
intensely 0/PAS-positive bud at the base of the intestinal crypts
adjacent to the ulcer. These buds push outwards into the sur-
rounding stroma of the lamina propria as small tubules, which
quickly coalesce with tubules from other crypts to form a more or
less complex acinar arrangement. They also lie within a distinctive,
immature, acid mucopolysaccharide-rich stroma. It is interesting to
note that, at this stage, the buds and acini are devoid of mitotic fig-
ures or indeed of proliferative activity as assessed by Ki67 (4) or
proliferating cell nuclear antigen (PONA) staining (5). In larger
gland formations, a single duct is formed by the joining of two or
more smaller ductules and this duct grows upwards through the
core of an adjacent villus towards the epithelial surface. At the
epithelial surface, the duct emerges through a distinct pore. While
secretions can readily be seen within the tubules and the duct sys-
tem, and emerging onto the surface in histological sections, the
UACL itself also moves out of the tubule and onto the villus surface,
where it replaces the indigenous surface cell lineages. The entire
villous surface can thus become covered with the UACL cells.

While most commonly seen in the small intestine, particularly
in Crohn’s disease, the UACL also appears in the colon, although
by no means as commonly. In peptic ulcer disease in the stomach
and duodenum it is very readily seen. Nor is the UACL confined to
the luminal gastrointestinal tract; its presence has been detected in
pancreatic ducts in chronic pancreatitis, frequently in the gall blad-
der in chronic cholecystitis and even in the fallopian tube in chron-
ic salpingitis and in inflammatory nasal polypi (7). It could therefore
be that the UACL is a newly defined pathway of endodermal differ-
entiation, induced in response to chronic inflammation in mucosal
surfaces.

Morphogenesis and proliferative organization
of the UACL

It is singular that mitotic figures and indeed cycling cells as indicat-
ed by Ki67 or PONA staining are not found in the buds or acini of
the UACL. Since the tubules clearly bifurcate, it is interesting to
speculate how this occurs in the absence of cell division. However,
once the duct is formed, the UACL develops its own proliferative
architecture: about two-thirds of the way up the duct, a clearly
defined zone of PCNA-positive cells appears in which mitotic fig-
ures can also sometimes be seen. This zone is quite discrete and
ends well before the duct emerges onto the surface. This pattern,
with the proliferative compartment towards the top of the duct, is
similar to that found in the gastric glands in the antral part of the
stomach.

However, this mode of histogenesis is not unique. It is not gen-
erally appreciated that Brunner’s gland primordia begin as small
buds that grow out of the duodenal crypts at about 16 weeks of
intrauterine life in the human, grow as tubules in the submucosa,
and by 36 weeks achieve the familiar adult tubuloalveolar pattern
(6). However, in the adult Brunner’s gland, there is no defined pro-
liferative organization in contact with the UACL. It thus appears as
if the UACL reiterate the histogenetic program of Brunner’s glands
but then develop the proliferative organization of gastric gland
tubules (6).

The life history of the UACL is complex. Certainly, in the absence
of cell division, the buds and early tubules appear to be direct differ-
entiation progeny of the stem cells from the parent crypts. They
migrate downwards into the evolving tubule, whose structure may be
dictated by the newly formed mesenchyme. This proposal is sup-
ported by the presence, within the UACL tubules and even the duct,
of other stem cell derivatives — Paneth, goblet and neuroendocrine
cells. This concept of downward migration in the intestinal crypt is not
novel: the stem cell zone hypothesis of Bjerknes and Cheng (9)
states that beneath cell position 5 in the crypt, cells which are des-
tined to differentiate into all lineages migrate downwards into the
base of the crypt and that the only cells which divide in this zone are
the crypt stem cells. In the case of the UACL, once differentiation to
this pathway is triggered, most stem cell production destined for
downward migration is directed into the UACL with, however, an
admixture of other intestinal cell lineages.

However, once the duct is formed, a defined proliferative zone
develops. In the paradigm of the gastric gland, cells born in the isth-
mus-neck region migrate upwards to renew the foveolar and sur-
face mucous cells and downwards to replace the parietal and chief
cell populations, i.e., there is a bidirectional flux of cells. If this were
to happen in the UACL, the proliferative zone would take over
replacement of the entire UACL, producing the surface cells and
also the cells to migrate downwards to expand the acinar cell pop-
ulation. If this is the case, how the proliferative zone interrelates
with the parent crypts is obscure but is likely to be complex.

Gene expression in the UACL

Genes related to differentiation
The UACL itself is a differentiating cell lineage, i.e., cells express
different proteins depending on their position within the UACL. All
parts of the UACL secrete neutral mucin, which is intensely D/PAS-
positive. However, the pattern of immunostaining with monoclonal
antibodies that recognize different but overlapping epitopes in the
polymorphic epithelial mucin core protein varies. Thus, the acinar
cells show membrane staining only with HMFG1 while the surface
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cells express membrane and cytoplasmic staining with HMFG2 (4).
The positivity with these antibodies indicates that the UACL shows
aberrant expression of the MUCi gene, which is not constitutively
expressed in the intestine. Moreover, the surface cells stain
intensely with Lens cu/mans lectin (which recognizes binding sites
for c~-mannose, ri-galactose and N-acetylgalactosamine, in that
order of preference) while the acinarcells are negative (4). The sur-
face cells also stain with PR3B1O, a monoclonal antibody that rec-
ognizes a 150 kDa glycoprotein related to carcinoembryonic anti-
gen, but the acinar cells are negative (4).

Reoulatory veotide pene expression in the UACL
The UACL also expresses different secretory proteins. Again, there
is a very distinctive pattern of synthesis within the organized struc-
ture. The acinar portion contains abundant immunoreactive epider-
mal growth factor (EGE) and urogastrone, which is also seen in the
secretions (4). It is significant that EGE/urogastrone should be pro-
duced locally around ulcers in the intestine for several reasons.
EGF/urogastrone is a very potent stimulator of cell proliferation in
the rodent and human gastrointestinal mucosa (10, 11) and also
modulates intestinal epithelial cell differentiation (12). In normal
conditions, EGE/urogastrone is produced by gut-associated sali-
vary and Brunners glands but not by other cell lineages in the gut
(13). The location of EGF/urogastrone receptors in gastrointestinal
cells is currently under dispute. There is evidence that EGE/uro-
gastrone receptors in the gut are polarized to the laterobasal mem-
branes in the rat (14) but Thompson (15) has shown apically sited
EGF/urogastrone receptors in the neonate. However, these EGF
receptors on the microvillar membrane are apparently not associ-
ated with phosphorylation of membrane proteins after ligand:recep-
tor binding (16). Radiolabeled EGF/urogastrone given orally to nor-
mal rats does not bind to the intact mucosa but readily binds local-
ly when a mucosal defect is present. Moreover, EGE/urogastrone
has been reported to be mitogenically active parenterally but not
when given directly into the intestine (17), although this too has
been disputed (18). Whatever the exact binding mechanism, the
secretion of EGE/urogastrone by the UACL ensures that the pep-
tide is available locally to stimulate repair and regeneration in the
local ulcer environment and we have suggested that this is an
important in vivo role for EGE/urogastrone (4).

Other regulatory peptide genes are also expressed by the
UACL in a site-specific manner. Human spasmolytic polypeptide
(hSP,TFF2) and pS2/TFF1 messenger RNA (mRNA) expression
can be readily demonstrated by hybridization in situ using 35S-
labeled riboprobes: hSPiTFF2 mRNA is found in the acini and
lower duct cells whereas pS2,TFF1 mRNA and protein are local-
ized in large amounts in the upper duct and in all surface cells.
hSP/TFF2 and pS2/TFF1 are members of the trefoil peptide fami-
ly, a growing group of proteins that share the unique “trefoil’ motif,
a three-leafed domain held by disulfide bonds based on cysteine
residues (19). The canonical molecule is pS2/TFF1, a 60 amino
acid secretory protein that was originally found by differentially
screening a complementary DNA library from the human breast
carcinoma cell line MCF-7 (20). It is highly homologous with spas-
molytic polypeptide (SP/TFF2), a known gastrointestinal regulatory
peptide, in which the trefoil domain is tandemly repeated (21).

Porcine spasmolytic polypeptide was said to inhibit gastric acid
secretion and also intestinal motility (22, 23) and to be mitogenic for
MCF-7 and colorectal carcinoma cells in vitro (24). Ligand:receptor
binding results in inhibition of adenylate cyclase (22). However,

more recent studies (25) have shown that these peptides are not
growth factors in the usual sense, having no effect on cell division,
but instead are motogens, stimulating the migration of gut epithe-
hal cells. In the process known as epithelial restitution, cells migrate
over the denuded stroma to make good the deficit, without the ben-
efit of cell division. After mucosal injury, trefoil peptides are among
the first genes to be upregulated and they probably play a part in
this process. How they actually work, whether or not they bind their
own receptor, act via the EGE receptor or interact with mucins
themselves to produce their effects, is not yet known.

In normal stomach, pS2,TFF1 and hSP,TFF2 are secreted and
are coexpressed by the foveolar and surface cells (26), although
they are products of different genes (27). Moreover, hSPiTFF2 is
expressed in large amounts in the pyloric glands of the gastric
antrum and in Brunner’s gland acini. In the UACL, however, expres-
sion of these genes is evidently defined by position in the UACL.
Moreover, it has been shown that the UACL expresses a third mem-
ber of the trefoil peptide family, intestinal trefoil factor (ITF/TFF3), a
single trefoil domain peptide (16), constitutively expressed by intesti-
nal goblet cells but not by gastric mucous cells (28). ITFiTFF3 is
expressed throughout the UACL; addition of recombinant rat
ITFITFF3 to the basolateral surface of rat small intestine results in an
increase in short-circuit current, associated with increased chloride
secretion, and binding sites have been demonstrated on the surface
of the rat small intestinal mucosa (28). Thus, the UACL secretes at
least four peptides with potentially important biological effects. A fur-
ther protein of significance is produced by the UACL: lysozyme,
which has antibacterial and putative immunoregulatory function, is
also secreted. Both lysozyme mRNA and protein are found in abun-
dance in the UACL.

In addition, it is becoming clear that the UACL is also associated
with trefoil peptide gene expression in the indigenous cell lineages in
the adjacent mucosa (7). The normal cell lineages in the intestine
include the mucin-producing goblet cells, neuroendocrine cells and
enterocytes; the mucous cells in the vicinity of the UACL express
abundant immunoreactive pS2ITFF1 in the basal parts of the cyto-
plasm in formalin-fixed paraffin-embedded sections. In glutaralde-
hyde-f ixed, resin-embedded sections, in addition to labeling in the
Golgi area, pS2,TFF1 is also seen within the theca. In situ hybridiza-
tion with an 35S-labeled ant isense riboprobe shows pS2,TFF1 mRNA
localized in considerable concentration in the cytoplasm beneath the
mucus-filled theca. Ultrastructural immunocytochemistry confirms
that immunoreactive pS2 is found in the HER of these cells and that
it is also copackaged via the Golgi into the mucous granules. Thus
the mucous cells adjacent to peptic ulcers where the UACL is seen
show pS2iTFF1 expression and also cosecrete pS2 with the liberat-
ed mucus into the intestinal lumen.

These observations cast some light on the possible function of
pS2/TFF1 and also indicate a new functional role for intestinal
mucous cells: they indicate that pS2/TFF1 is cosecreted with mucin
into the viscoelastic layer that covers the intestinal epithelium. That
pS2/TFF1 is induced in goblet cells only in disease states (29) sug-
gests that pS2/TFF1 has a role is cytoprotection or regeneration.
This hypothesis is reinforced by the constitutive secretion of
pS2/TFF1 by the foveolar and surface cells of the gastric mucosa,
where cytoprotection is a constant need (25). There is also indirect
evidence that the association of trefoil peptides and mucus is not
merely coincidental, since the Xenopus mucin gene product has
trefoil sequences on either side of the protein (30).
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Hitherto, intestinal goblet cells were regarded solely as a
source of mucin. It is now clear that they are a major source of tre-
foil peptides if conditions are appropriate. It appears that p52/TEFi
is processed and packaged by the Golgi apparatus: the mucous
granules are also processed here and the two secretory products
are packaged together. p52/TFF1 is, in fact, not the only trefoil pep-
tide expressed in the goblet cell theca: Suemori et al. (31) have
demonstrated ITE in the theca of normal rat goblet cells; ITF/TFF3
mRNA has been localized to small and large intestinal goblet cells
in the rat (28), and the human homolog is also found in small
intestinal and colonic goblet cells (30). It thus appears as if intesti-
nal goblet cells are a rich source of potentially active regulatory
peptides, especially in damaged tissues.

In addition, neuroendocrine cells adjacent to the UACL also
express p52/TEFi protein. The finding of the same peptide copack-
aged in both mucous and neuroendocrine granules is highly unusu-
al: mucous granules are secreted into the lumen, whereas neuroen-
docrine granules are released into the basal and lateral membranes.
The function of these granules is of course very different. Mucus has
lubricating and protective functions in the gut but endocrine secre-
tions release various regulatory peptides that act via paracrine or
autocrine mechanisms to produce manifold effects on the gut (32).
Thus pS2lTFF2 may be involved in the secretory mechanism itselfor
may be presented to receptors on both apical and basolateral mem-
branes.

However, it should be asked why the mere presence of the
UACL should induce trefoil peptide gene expression in the mucous
and endocrine cells. The 5’ upstream sequences of the pS2/TFF1
gene contain a complex enhancer sequence, responsive, inter al/a
and, most powerfully, to EGF/urogenase (33). Thus the EGE/uro-
genase secreted locally by the UACL could induce pS2 expression
in the adjacent mucosa. However, why the enterocytes do not
express pS2, when they do bear EGE receptor, is not explained by
this hypothesis. In this respect, it is possible that there is a mecha-
nism controlling phosphorylation that is overridden in the chroni-
cally inflamed environment, which might explain the presence of
non functional EGF receptors on the enterocytes (16).

The pattern of peptide expression in the UACL also points to its
histogenesis. Brunner’s gland primordia begin as bud-like out-
growths from the bases of duodenal crypts, which form tubules
which, by 28 weeks of intrauterine life, show the familiar tubuloalve-
olar pattern of adult Brunners glands. At 18 weeks, immunoreactive
EGE/urogenase is present in abundance while pS2ITFF1 peptide is
confined tothe developing ducts. However, hSPITFF2 mRNA is pre-
sent in considerable concentrations throughout Brunner’s gland acini
and ducts. This pattern of trefoil gene expression is maintained
throughout fetal life. Moreover, in the adult, p52/TEFi peptide and
transcripts are expressed by the ductal cells and large amounts of
hSPiTFF2 protein and mRNA are present in the acini (6). These
observations indicate that the UACL reiterate the developmental pro-
gram of Brunner’s glands. However, it then acquires the proliferative
organization of gastric gland tubules, as explained above.

The nature of the UACL

The UACL shows several features that are novel for differentiating
gastrointestinal cell lineages. It appears as direct differentiation
progeny of crypt stem cells. It appears in response to injury, grow-
ing to form new glandular formations, which make their own com-
munication with the surface of the mucosa. In histogenesis, the
UACL appears to follow the differentiation program of Brunner’s
gland primordia; it develops a proliferative organization very similar

to that of the gastric gland and shows regional differences in phe-
notype and function. It also shows a unique pattern of regulatory
peptide gene expression, producing EGE/urogenase and the two
trefoil peptides p52/TFF1 and hSP/TFF2, again produced in spe-
cific parts of the UACL. Finally the presence of the UACL modifies
the behavior of the indigenous cell lineages in the vicinity: goblet
cells actively synthesize and secrete pS2 while neuroendocrine cell
granules also contain copackaged p52/TEFi.

These observations indicate that the UACL is not a metaplasia,
which can formally be defined as a change from one defined dif-
ferentiated phenotype to another. The UACL, though sharing sev-
eral phenotypical features with other cell lineages in the gut, does
have a unique structure and function and we are therefore justified
in considering it a new pathway of gastrointestinal differentiation.
Since it is induced only in chronic inflammatory and ulcerative con-
ditions, it would certainly appear to be a primary defense reaction,
producing a cocktail of active peptides and proteins, EGE/uroge-
nase, hSP/TFF2, p52/TEFi as well as lysozyme, which would be
expected to advance mucosal healing. There are also early indica-
tions that other peptides may be produced by the UACL and
immunoreactive transforming growth factor-a (TGF-a) has been
detected, for instance (5)

Thus, the morphological organization and function of the UACL
is now being worked out and its phenotype more fully defined.
Nevertheless, the above observations raise as many questions as
they answer. What is the stimulus for the induction of the UACL?
Possibly mesenchymal induction, since profound myofibroblast
proliferation (cells usually confined to the pericryptal myofibroblast
sheath) is seen around the early UACL buds. Stem cell differentia-
tion certainly seems to be switched on directly and wholly into the
UACL pathway. How does growth of the bud continue in the
absence of cell division? If cells are being directed downwards from
the crypt stem cell compartment, then how does the tubule divide,
in the absence of cell division, if not by mesenchymal direction,
analogous to the situation in the developing salivary gland and
lung? After the morphogenesis of the new gland and duct, the new
proliferative compartment develops. What, then, are the migration
pathways of the cells emerging from the new compartment and
what is the relationship between the new proliferative compartment
and the parent crypts?

There also seems to be a very rigid positional organization of
peptide gene expression, with cells changing expression as they
migrate through the lineage. The abundance of message and pro-
tein for the trefoil peptides hSP,TFF2 and p52,TFF1 and the induc-
tion of p52/TEFi in surrounding cells, possibly by the EGE/uroge-
nase secreted by the UACL, indicates an important role for these
molecules in mucosal defense.

Pseudonyloric metaDlasia
There is no general consensus about what is meant by pseudopy-
loric metaplasia. It has been used to describe the loss and replace-
ment of parietal and other specialized cell types in the gastric body
mucosa and their replacement, within intact glandular tubules, by
cells of simple mucous format. Others have regarded it as
encroachment of pyloric glands on the body mucosa following
destruction of oxyntic glands — so-called “antralization” of the body
mucosa. Finally, we should note the possible resemblance between
psuedopyloric metaplasia and a novel hSP/TFF2-expressing
mucous cell lineage (SPEM), which is induced by He/icobacter
pylon infection, considered to be a precursor for gastric cancer in the
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antrum (12). Such mucous metaplasia has also been described in
the fundic mucosa of H. fe/is infected mice and patients with H. pylon
infection (34). Human body mucosa from peptic ulcer patients was
sought which showed unequivocal pyloric-type glands surrounded
by acid-secreting mucosa. In most of these cases, H. pylon were
found in the antrum. In each case, the surrounding mucosa showed
evidence of mucous neck cell hyperplasia, with replacement ofoxyn-
tic glands with cells of pyloric mucous cell phenotype which were
hSPiTFF2 positive and there was a clear association between
mucous neck cell hyperplasia and the development of this lineage.
The lineage contained pancreatic secretory trypsin inhibitor and
lysozyme but was TGF-ce and EGE negative, and while a few chro-
mogranin A positive cells and gastric cells were seen, these were
uncommon. MUC6 was a good marker of mucous neck cell hyper-
plasia and of the development of PMM.

It is concluded that mucous neck cell hyperplasia is a common
but largely unrecognized tissue reaction in the gastric body, that it
is associated, although not exclusively, with H. py/on/infection and
that this hyperplasia probably leads to the colonization of the body
mucosa tubules with cells which are hSP,TFF2 and MUC6 positive.
It is currently considered that mucous neck cells give rise to chief
cells and that a fraction of the parietal cell population derives from
preneck cells; does this mean that these avenues of differentiation
become blocked in this process? Our results do not exclude the
possibility that PMM is the same as SPEM and further studies must
explore its relationship to carcinoma of the stomach.

Conclusion
It is clear that some metaplasias in the gut have a defined secreto-
ry profile, which is indeed quite surprising, and that studies of the
pattern of gene expression and of the histogenesis of these lin-
eages are revealing both in terms of their biology and the role they
might play in the protection of the mucosa against damage.
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