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Gastric adenocarcinoma of the intestinal type is believed to develop through a series of
histopathologic stages, originally described by Correa, that include chronic gastritis, gastric
atrophy, intestinal metaplasia, dysplasia and finally cancer (1). Intestinal metaplasia has
been the focus of great fascination by many pathologists, since it was unexpected to find
intestinal type mucosa containing goblet cells in the body or antrum of the stomach.
Numerous studies have implicated intestinal metaplasia as a useful biomarker for gastric
cancer risk, and even possibly a precursor to gastric malignancy. However, this evidence has
been largely correlative. In patients with gastric cancer, intestinal metaplasia is frequently
found in the stomach, even with early gastric cancer. Intestinal metaplasia is much more
prevalent in high-risk areas for gastric cancer compared to low risk areas. Finally, in several
studies where serial endoscopies and biopsies were performed, patients with intestinal
metaplasia, particularly type III, frequently developed gastric cancer (2). Intestinal
metaplasia has been used as the key biomarker in studies of H. pylori eradication or gastric
cancer prevention, defining the preneoplastic lesion often considered the “point-of-no-
return” (3). Indeed, since the gastric cancers that developed in this setting also showed
intestinal differentiation, it seemed logical to conclude that the cancers arose directly from
these intestinal metaplastic cells. Neverthless, in contrast with other neoplasms, little genetic
mutational evidence exists to implicate intestinal metaplastic lineages as true direct
precursors of gastric neoplasia.

Recent investigations have also highlighted the existence of a second metaplastic lineage,
Spasmolytic Polypeptide-Expressing Metaplasia (SPEM) (4). SPEM is a metaplastic
mucous cell lineage with phenotypic characteristics of deep antral gland cells including
strong expression of Trefoil Factor 2 (TFF2, previously designated as spasmolytic
polypeptide). In the past, this underappreciated mucous lineage was described with various
names including pseudopyloric metaplasia or mucous metaplasia or antralization of the
corpus, but mostly the lineage was ignored. Indeed, it is now appreciated that atrophy of the
corpus and body of the stomach is always associated with the development of SPEM. In
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addition, SPEM is at least as strongly associated with the development of gastric cancer as
intestinal metaplasia (4). Moreover, while intestinal metaplasia tends to be spotty or
multifocal, SPEM typically appears diffusely throughout the body and corpus of the stomach
in patients that progress to gastric cancer (5). SPEM is not simply an expansion of antral
type mucosa, since gastrin cells are not present and SPEM cells express a number of
proteins, such as HE-4, that are not expressed in the antrum (6). However, both the precise
connection between intestinal metaplasia and SPEM and the relationship between SPEM
and gastric cancer remain unclear.

Recent studies have examined the cellular origin of SPEM in mice. These investigations
have demonstrated that SPEM develops in the fundus in the setting of parietal cell loss
following chronic Helicobacter infection (7, 8). acute parietal cell loss due to treatment with
DMP-777 (9), or chronic genetic parietal cell ablation by transgenically expressed toxin
(10). These studies have led to accumulating evidence that SPEM may originate from
transdifferentiation of mature chief cells into SPEM (6). In the case of H. felis infection,
gastritis cystica profunda and dysplasia evolve from preexisting regions of SPEM (11). Still
these studies have not been able to address intestinal metaplasia because Helicobacter-
infected mice do not typically develop intestinal metaplasia. Intestinal goblet cells do
develop in the fundus of transgenic mice where cdx2, a transcription factor, which is a
master developmental regulator of intestinal differentiation, is targeted to the stomach using
elements of the H+/K+-ATPase β subunit promoter (12, 13). Interestingly, amphiregulin-
deficient mice developed SPEM after 6 months of age, and a subset of mice did go on to
develop goblet cell intestinal metaplasia (14). In that case, compound glands containing both
SPEM and intestinal metaplasia were clearly present. While murine studies have not been
able to clarify the relationship between intestinal metaplasia and SPEM, studies in
Mongolian gerbils have provided additional insights. Mongolian gerbils develop both SPEM
and intestinal metaplasia in the fundus following infection with Helicobacter pylori (15). In
Mongolian gerbils, intestinal metaplasia developed in pre-existing SPEM glands and mixed
glands expressing both SPEM and intestinal metaplasia were clearly present (15). All of
these studies have supported the notion that intestinal metaplasia may develop from pre-
existing SPEM.

No published studies in humans have addressed directly the question of the relationship of
SPEM to intestinal metaplasia in humans. We have therefore examined the morphological
characteristics of SPEM and intestinal metaplasia in gastric resections specimens
exclusively from the fundus. These studies have uncovered several critical observations
about the induction of metaplasias in the stomach. First, SPEM can develop as a very
localized phenomenon. Figure 1 demonstrates that SPEM can develop in single or groups of
glands surrounded by regions with normal appearing mucous neck cells in the fundic
mucosa. At times these SPEM gland groups are associated with adjacent areas with the
appearance of mucous neck cell hyperplasia. These regions do not appear to interact with
regions of intestinal metaplasia. The focal phenotype of SPEM glands suggests that they
may act as part of a normal local reparative mechanism for the gastric mucosa.

We have also sought to determine if there is a relationship between SPEM glands and
intestinal metaplasia in gastric resections. Examination of resection sections containing
regions of both SPEM and intestinal metaplasia led to identification of regions with
compound glands where SPEM cells were observed in the deep portions of the glands with
intestinal metaplastic lineages in the luminal portions of the glands (Figure 2). Thus, goblet
cells staining with either Alcian Blue or Muc2 were observed on the luminal aspects of
glands that contain PAS-positive and TFF2-staining SPEM at their bases (Figure 2). It is
important to emphasise that these were not residual pyloric type glands, since these sections
were taken from areas surrounded by corpus mucosa. While we did observe scattered
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proliferative Ki67-positive cells within SPEM, in regions with intestinal metaplasia
immediately adjacent to or overlying SPEM, we observed strong staining for Ki67 in cells
within the region demarcating the zone between SPEM and intestinal metaplasia (Figure 2).
Many of the Ki67-positive cells were also stained for MUC2. Thus, we observed clear
evidence for the existence of intestinal metaplasia emanating from SPEM. The elevated
proliferation in intestinal metaplasia adjacent to SPEM may indicate a transition or
secondary differentiation of SPEM into intestinal metaplasia.

These data indicate that the standard concept proposed by Professor Correa now merits
further expansion or modification (Figure 3). Work in mouse models and human tissue
suggests that loss of parietal cells leads initially to the induction of SPEM. With chronic
inflammation in the setting of parietal cell loss, SPEM may give rise to a further
differentiation into intestinal metaplasia. This evolution of mucous cell metaplastic lineages
has been noted previously for the Ulcer Associated Lineages (UACL) identified in patients
with inflammatory bowel disease (16). While these findings create a strategy for the
induction and progression of metaplastic lineages in humans, they do not address the actual
origin of gastric adenocarcinoma. It is particularly exciting to consider that if SPEM is
derived from chief cell transdifferentiation, then chief cells themselves, or a subset of chief
cells, represent an unrecognized progenitor population that can be induced in the
pathological stomach. Given the more differentiated nature of intestinal metaplasia, it now
seems somewhat less likely that gastric cancer arises from a goblet cell-containing
epithelium. Still, we must acknowledge that at present it remains uncertain whether either
SPEM or intestinal metaplasia is a true precursor for cancer. Nevertheless, it seems likely
that evolution of intestinal metaplasia from SPEM may lead to a hyperproliferative state in
which the infected and inflamed mucosa may be more susceptible to establishment of
deleterious mutations in stem or progenitor populations. Thus, SPEM and intestinal
metaplasia may be commensals for the neoplastic process rather than true direct precursors.
Taken together, this work suggests that a broader view of metaplastic initiation and pre-
neoplastic progression is merited in evaluating gastric carcinogenesis.
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Figure 1. Focal early lesions for SPEM induction
A. Diastase resistant-PAS (DR-PAS) staining of a section of human fundic mucosa showing
the focal development of SPEM in a single gland unit (star). Note that in comparison with
the carmine staining of surface cells, SPEM staining with DR-PAS is characteristically more
reddish pink. B. TFF2 immunostaining staining with horseradish peroxidase secondary
antibody staining and DAB (brown) chromagen showing a single gland unit with SPEM
(star) surrounded by normal glands with TFF2-staining of mucous neck cells. C and D. Dual
staining for TFF2 (red, alkaline phosphatase secondary antibody and Vector Red
chromagen) and H/K-ATPase (brown DAB staining) staining of parietal cells showing the
presence of one SPEM gland in the fundic mucosa.
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Figure 2. Compound glands containing SPEM and Intestinal Metaplasia
A. Dual Alcian Blue and PAS staining of a human fundic specimen showing compound
glands with Alcian Blue staining intestinal metaplasia in more luminal cells and PAS-
staining SPEM at the bases of glands. B. Dual Muc2 (brown) and TFF2 (red)
immunostaining of a section of fundic mucosa showing glands with Muc2-immunoreactive
intestinal metaplasia surmounting TFF2-staining SPEM. C and D. Serial sections of fundic
mucosa from a resection specimen showing in C dual immunostaining for Ki67 (brown
nuclei) and TFF2 (red) and in D dual immunostaining for Ki67 and Muc2 (red). While Ki67
staining nuclei can be seen in scattered SPEM cells, the majority of Ki67-staining cells
nuclei are seen in Muc2-immunoreactive cells at the interface between SPEM and intestinal
metaplasia.
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Figure 3. A revised model for the evolution of metaplasia in the stomach
Loss of parietal cells leads to evolution of SPEM at the bases of glands from
transdifferentiation of chief cells. With continuing chronic inflammation, intestinal
metaplasia develops within the luminal aspect of SPEM glands. Over time, intestinal
metaplasia comes to dominate over SPEM in metaplastic mucosa. In remains to be
determined whether gastric cancer arises form SPEM or from proliferative intermediates
generated during the further differentiation of SPEM into intestinal metaplasia.
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