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Chronic inflammation in the stomach induces cellular transformation and gastric cancer primarily in the distal stomach or
antrum. In this issue of the JCI, a study in mice by Ernst et al. provides new insight into the role of IL-11 and its
glycoprotein 130 (gp130) receptor in inflammation-associated gastric epithelial cell oncogenic transformation, which they
show is mediated by and dependent on increased activation of Stat3 and, to a lesser extent, Stat1 (see the related article
beginning on page 1727). Prior studies from this group have shown that Stat3 hyperactivity stimulates the TGF-p inhibitor
Smad7. Collectively, the studies suggest that an important pathway of oncogenic transformation in the stomach is through
suppression of growth inhibitory signals, such as members of the TGF- family, that originate from the stroma.
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Chronic inflammation in the stomach induces cellular transformation and
gastric cancer primarily in the distal stomach or antrum. In this issue of the
JCI, a study in mice by Ernst et al. provides new insight into the role of TL-11
and its glycoprotein 130 (gp130) receptor in inflammation-associated gastric
epithelial cell oncogenic transformation, which they show is mediated by and
dependent on increased activation of Stat3 and, to a lesser extent, Stat1 (see
the related article beginning on page 1727). Prior studies from this group have
shown that Stat3 hyperactivity stimulates the TGF-f inhibitor Smad?7. Collec-
tively, the studies suggest that an important pathway of oncogenic transfor-
mation in the stomach is through suppression of growth inhibitory signals,
such as members of the TGF-f} family, that originate from the stroma.

Cancer originates in a variety of differ-
ent tissues that are susceptible to chronic
inflammatory conditions. In the stomach,
the phenotypic steps leading from chronic
inflammation (gastritis) to distal gastric
cancer were established epidemiologically
(1) before the discovery of Helicobacter pylori,
a noninvasive curvilinear rod that resides
in the luminal mucous layer (2). Although
H. pylori appears to be the most common
infectious agent inducing chronic gastritis,
studies support the notion that inflamma-
tory cells infiltrate the mucosa from the stro-
ma beneath and secrete cytokines that are
ostensibly the direct modulators of epithelial
cell differentiation and eventually neoplastic
transformation (3, 4). If H. pyloriis not eradi-

Nonstandard abbreviations used: gp130, glycopro-
tein 130; Smad7, mothers against decapentaplegic
homolog 7.
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cated by the inflammatory response, the
bacterium becomes a chronic trigger for the
immune system to produce cytokines that
continue to bathe the gastric glands. Meta-
plastic changes begin in the antrum, where
H. pylori preferentially colonizes the stomach,
before spreading anteriorly into the corpus,
inducing atrophy of the oxyntic glands (5).
Eventually, mucus-producing, metaplastic
cells that exhibit features of either the antral
pyloric glands (via antralization) or small
intestine replace the normal oxyntic (acid/
pepsin-producing) cells (6, 7). These spe-
cific changes in the gastric lineages launch
the mucosa down an irreversible pathway
toward unregulated growth, dysplasia, and
eventually neoplastic transformation.
Population-based studies by El-Omar et
al. indicate that IL-1f is one of the essential
proinflammatory cytokines modulated dur-
ing H. pyloriinfection that directs the mucosa
toward atrophy, metaplasia, and neoplastic
transformation (8). In European, Asian, and
Hispanic populations, the presence of a gas-
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tric cancer-associated polymorphism has
not only been confirmed for IL-1f, but also
reported for TNF-a, IL-10, and IL-6 (9-11).
Collectively, these prior studies have set in
motion the quest to link inflammation and
specific cytokines with cancer development.
The underlying issue is that once inflamma-
tion becomes chronic, antibiotic eradication
of the triggering organism would not be an
effective treatment. It remains to be seen
whether antiinflammatory therapies that do
not disrupt mucosal restitution can be used.

A fully penetrant model of distal
gastric cancer

To study the etiology of gastric transforma-
tion, a number of mouse models have been
developed that recapitulate several features
observed in human intestinal-type gastric
cancer (Table 1). The gp130"757FY757F mouse
studied by Ernst et al. in this issue of the JCI
(12) is the mouse model that most consis-
tently develops gastric cancer. These animals
are homozygous for a phenylalanine knock-
in substitution at Tyr757, which is present
in one of five major phosphorylation sites
in the cytoplasmic tail of the glycoprotein
130 (gp130) receptor. This receptor — the
common receptor for members of the IL-6
cytokine family — is important for signal
transduction following cytokine engage-
ment. Upon binding of an IL-6 cytokine fam-
ily member to its relevant receptor, the com-
plex of these two proteins associates with
gp130 and homodimerizes to form a hexa-
meric complex that upon phosphorylation
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Table 1

Mouse models recapitulating features of human intestinal-type gastric cancer

Mouse model
gp130Y757F/Y757F

Tff1-null

Runx3-null

Smad4+- plus LOH

Gastrin-null

INS-GAS with Helicobacter felis infection
H. pyloriinfection in Mongolian gerbils
Elf+~ (a p-spectrin)

Cdx2 overexpression

p53+-plus MNU

TGF-p*~

Site of tumor Corpus atrophy
Antrum No
Antrum No
Antrum Unknown
Corpus Yes
Antrum Yes
Corpus Yes
Antrum Yes
Antrum No

Antrum or corpus Yes
Antrum No
Antrum Unknown

commentaries

Signaling pathway Reference
STAT 14
ERK 24

TGF-B 25
TGF-B 26
Unknown 27
Unknown 28
[3-catenin 29
TGF-B 30
Unknown 31,32
Unknown 33
TGF-B 34

ELF, embryonic liver fodrin; INS-GAS, insulin-gastrin transgenic mice; LOH, loss of heterozygosity; MNU, N-methyl-N-nitrosourea.

can activate the ERK signaling kinase and
STAT protein transcription factors, leading
to the activation of downstream genes.

The time course of cancer development in
the gp130"77F/Y757F animals is rapid and fully
penetrant, in comparison to that of gastric
cancer in humans, which emerges over
decades in about 1% of chronically H. pylori-
infected subjects (13). This observation sug-
gests that there are likely several pathways
parallel to or converging upon the genetic
targets downstream of the gp130 receptor.
Also, since these mice do not develop the
well-recognized preneoplastic lesions that
typically emerge with chronic gastritis (e.g.,
corpus atrophy or mucous cell metaplasia)
these precursor events cannot be investigat-
ed in this model. Despite such differences
between this animal model and the human
disease, Ernst et al. (12) analyzed the rap-
idly evolving antral cancers in these mutant
mice in order to provide novel mechanistic
insights into the events immediately proxi-
mal to neoplastic transformation.

IL-11, not IL-6, activates gp130-
mediated tumorigenesis

There are several ligands known to activate
the gp130 receptor, with IL-6 arguably being
the best known of the cytokine family mem-
bers linked to gastric transformation (14). By
contrast, little is known regarding the role of
another gp130 ligand, IL-11, in gastric trans-
formation, and IL-11 has only recently been
examined in the setting of human gastric
cancers (15). A recent study by Ernst and col-
leagues revealed that megakaryocyte devel-
opment also depends upon gp130 activation
of STAT3 (16). In that study, gp130 in bone
marrow progenitors appeared to be acti-
vated by IL-6, rather than IL-11 as described
in the current report (12) for the stomach.
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Thus, the various ligands appear to impart
to gp130 its tissue-specific activation. For
example, IL-11 activation of the gp130 recep-
tor is pro-oncogenic in the stomach but not
in bone marrow-derived cells. In fact, a few
studies have implicated IL-11 in gastric resti-
tution through proangiogenic and propro-
liferative mechanisms (17, 18). Nevertheless,
the regulators of IL-11 expression during
gastric inflammation are unknown. Con-
sequently, the production of IL-11 during
H. pylori infection will need to come under
greater scrutiny in future studies of chronic
gastritis, atrophy, and cancer.

In their current study reported in this
issue of the JCI, Ernst et al. (12) showed
that it is indeed IL-11 that is responsible
for the aberrant activation of this mutant
receptor in gastric tumorigenesis, using an
elegant display of mouse genetics in which
the gp130Y757Y757F mutation was bred onto
either an IL-6- or IL-11a receptor-null
background. As noted above, the normal
gp130 receptor is able to activate both the
ERK and STAT3 pathways (14, 19). The
Y757F point mutation in the gp130757F/757F
mouse abrogates phosphorylation at
that residue and prevents the receptor
from docking with the SRC homology 2
domain-containing (SH2-containing) tyro-
sine phosphatase (Shp2) and thereby initi-
ating signal transduction via the Ras/Erk
or PI3K/Akt pathways (Figure 1). This in
turn allows exclusive receptor activation
of the Statl/Stat3 pathway to proceed via
the other four C-terminal receptor tyro-
sines upon ligand binding. Prior deletion
and mutational analysis of various combi-
nations of these five C-terminal tyrosines
revealed that gp130 receptor-mediated acti-
vation of the Erk pathway is proapoptotic
and blocks the immune response, whereas
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activation of the Stat3 pathway is proprolif-
erative and ultimately oncogenic (19).

In addition to identifying the preferred
ligand activating the mutant gp130 recep-
tor, Ernst et al. (12) used antisense oligo-
nucleotides to further discern whether the
downstream effects of this activation were
preferentially mediated by Stat3 or Statl.
Moreover, these experiments were designed
to test whether the antisense oligonucle-
otides were effective therapy to prevent tumor
development after systemic administration.
Indeed, both Stat1 and Stat3 antisense oligo-
nucleotides abrogated tumor development in
these animals, although the effect was greater
using the Stat3 antisense oligonucleotides.
The ability to reverse or block tumor growth
initiated by cytokine receptor activation is
quite exciting, since the result underscores
that the cascade of events leading to tumor
formation might still be reversible. However,
most clinicians would view the latter state-
ment cautiously, given the abysmal results
observed with gastric cancer therapies in
human subjects (20). Generally, human epi-
thelial cancer cells recruit multiple signaling
pathways and mechanisms to survive, thereby
circumventing current therapies. Thus, com-
plete destruction of gastric cancers is expected
to require the identification and targeting of
multiple pathways, many of which currently
remain undiscovered, in order for combina-
tion therapies to be effectively designed.

Activated Stat3 induces inhibitory
Smad7

Relevant to the mechanism underlying Stat3
regulation is the observation that Stat3 par-
ticipates in crosstalk between the mesen-
chyme and epithelium (21, 22). In a prior
study by Ernst and colleagues, hyperactive
Stat3 signaling induced expression of the
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Figure 1

Mechanism of IL-11-mediated induction of gp130 and gastric tumorigenesis. Schematic of mucosal changes that occur during chronic gastric inflam-
mation, in which IL-11 is one of the cytokines produced. IL-11 binds to the IL-11 receptor a (IL-11Ra) subunit that heterodimerizes with the gp130
homodimeric receptor. IL-11 is presumably produced by both the epithelium and inflammatory cells and binds to the gp130 receptor also located on
epithelial cells in the gastric antrum. As described in the current study by Ernst et al. (12), in the presence of the Y757F mutation in the gp130 receptor,
SRC homology 2 domain—containing (SH2-containing) tyrosine phosphatase (Shp2) phosphorylation and subsequent activation of the proapoptotic
Ras/Erk and PISK/AKT pathways do not occur. Instead, phosphorylation of the four C-terminal tyrosine residues in the gp130 receptor, in the absence
of phosphorylation of Tyr757, results in Stat activation. Stat3 is activated to a greater extent than Stat1. Suppressor of cytokine signaling 3 (Socs3) is
a downstream target of Stat3 and competes with Shp2 for docking at Tyr757. Therefore, epithelial Socs3 levels in the cells rise, but they cannot bind
gp130 receptor and prevent its signaling. In addition, Stat activation induces the expression of the inhibitory protein Smad7, which blocks TGF-3—acti-
vated Smad signaling. In this way, Stat3 hyperactivity induced by the IL-11 proinflammatory cytokine can suppress the cytostatic effect of the stroma
on cell proliferation (22). Moreover, Stat3 also induces epithelial cell expression of IL-11, setting a feed-forward mechanism that fuels persistent cellular
proliferation. Collectively, these signaling events promote an oncogenic program in which the expression of antiapoptotic, proangiogenic, and propro-
liferative genes results in inflammation-associated gastric tumorigenesis. F, phenylalanine; P, phosphate; TGFfR, TGF-f receptor; Y, tyrosine.

inhibitory mothers against decapentaplegic
homolog 7 (Smad7) protein, which blocks
the cytostatic effect of TGF-f signaling (22).
This study (22) underscores the existence
of crosstalk between Stat3 signaling in the
epithelium and TGF-f3 regulation from the
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stroma. The authors do not describe which
cell types express IL-11 and perhaps more
importantly which cells express the gp130
receptor (12). However, one would presume
that the receptor is located on the basolater-
al membrane of responding epithelial cells,
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as has been reported for other polarized epi-
thelial (23) and ostensibly tumor cells.
Given the putative link between overactive
Stat3 signaling and the Smad pathway in
the epithelium, one might envision that the
hyperplastic cells produce an inhibitor that
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limits the growth-restrictive influence of the
stroma or mesenchyme. For example, hyper-
active Stat3 induces Smad?7 expression, then
Smad7 blocks activator Smads (Smad2, -3,
-4) that normally transduce TGF-f signals
originating from the mesenchyme (Figure
1). Mesenchymal cells present in the base-
ment membrane and lamina propria form
the support structure for the gastric epi-
thelium and are the major source of TGF-§
family members (TGF-f3, activins, inhibins,
and bone morphogenetic proteins). As in
other epithelia, there is a synergistic rela-
tionship between the gastric mesenchymal
and epithelial compartments that instructs
the endoderm during development, then
restricts uncontrolled growth by balancing
cell death and cell growth signals once the
mucosa has matured.

In addition to the stroma, some inflam-
matory cells also express TGF-f. However,
Ernst et al. (12) anticipated this possibility
and used adoptive transfer of bone marrow-
derived cells expressing the gp130Y757F/Y757F
mutation into irradiated mice to prove that
the tumor development was not related to
hyperactive signaling from the inflamma-
tory cells. Interestingly, several of the mouse
models of gastric cancer also represent per-
turbations in the TGF-f pathway (Table 1),
supporting the contention that the nega-
tive influences exerted by the stroma are
required to keep the epithelium in check.
Since most of the tumors that arise in the
antrum correlate with disruptions of the
TGF-f pathway, one might also query why
the antral epithelium is more susceptible to
hyperactivation of this signaling pathway.

There are no known mutations or chang-
es in methylation status of the endogenous
gp130 receptor locus. Moreover, if muta-
tions did occur, they would likely result in
the occurrence of tumors more frequently
and atan earlier age. Although not observed
here in the US, there might be popula-
tions in which the gp130 locus is modified,
especially those with a high prevalence of
H. pylori infection and with an increased
susceptibility to gastric cancer.

In summary, the current study by Ernst
etal. (12) reinforces the critical importance
of the IL-11/Stat3 signal transduction
pathway in gastric tumors in mice, as well
as the importance of TGF-f signaling in
restricting the hyperproliferation of the
epithelium. Future studies should deter-
mine whether these pathways are disrupt-
ed in susceptible patient populations and
examine how they are regulated by chronic
inflammation. The gp130Y737F/Y757F receptor
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mouse model will be useful for sorting out
why the distal stomach (lesser curvature
and pyloric [antral] glands) is more suscep-
tible to hyperplastic Stat1 and Stat3 signal-
ing compared with the corpus. By contrast,
other disease models that exhibit a more
protracted course to transformation will
need to be examined to provide insight into
the relationship between precursor lesions
(atrophy and mucous gland metaplasia)
and the irreversible progression to cancer.
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