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Figure 348-6 Outline of the bacterial and host factors important
in determining H. pylori–induced gastrointestinal disease. MALT,
mucosal-associated lymphoid tissue.
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Cag A–dependent mechanism, leading in part to the low acid production observed after acute infection with the organism. Urease,
which allows the bacteria to reside in the acidic stomach, generates
NH3, which can damage epithelial cells. The bacteria produce surface factors that are chemotactic for neutrophils and monocytes,
which in turn contribute to epithelial cell injury (see below). H.
pylori makes proteases and phospholipases that break down the glycoprotein lipid complex of the mucous gel, thus reducing the efficacy of this first line of mucosal defense. H. pylori expresses adhesins (OMPs like BabA), which facilitate attachment of the bacteria to
gastric epithelial cells. Although lipopolysaccharide (LPS) of gramnegative bacteria often plays an important role in the infection,
H. pylori LPS has low immunologic activity compared to that of other
organisms. It may promote a smoldering chronic inflammation.
2. Host factors: Studies in twins suggest that there may be genetic predisposition to acquire H. pylori. The inflammatory response to H.
pylori includes recruitment of neutrophils, lymphocytes (T and B),
macrophages, and plasma cells. The pathogen leads to local injury
by binding to class II major histocompatibility complex (MHC)
molecules expressed on gastric epithelial cells, leading to cell death
(apoptosis). Moreover, bacterial strains that encode cag-PAI can
introduce Cag A into the host cells, leading to further cell injury
and activation of cellular pathways involved in cytokine production and repression of tumor-suppressor genes. Elevated concentrations of multiple cytokines are found in the gastric epithelium
of H. pylori–infected individuals, including interleukin (IL) 1α/β,
IL-2, IL-6, IL-8, tumor necrosis factor (TNF) α, and interferon
(IFN) γ. H. pylori infection also leads to both a mucosal and a systemic humoral response, which does not lead to eradication of the
bacteria but further compounds epithelial cell injury. Additional
mechanisms by which H. pylori may cause epithelial cell injury
include (1) activated neutrophil-mediated production of reactive
oxygen or nitrogen species and enhanced epithelial cell turnover
and (2) apoptosis related to interaction with T cells (T helper 1, or
TH1, cells) and IFN-γ. Finally, the human stomach can be colonized
by a host of commensal organisms that may affect the likelihood of
H. pylori–mediated mucosal injury.
The reason for H. pylori–mediated duodenal ulceration remains
unclear. Studies suggest that H. pylori associated with duodenal ulceration may be more virulent. In addition, certain specific bacterial
factors such as the DU-promoting gene A (dupA), may be associated
with the development of DUs. Another potential contributing factor
is that gastric metaplasia in the duodenum of DU patients, which may
be due to high acid exposure (see below), permits H. pylori to bind to
it and produce local injury secondary to the host response. Another
hypothesis is that H. pylori antral infection could lead to increased

HPIM19_Part14_p1875-p2102.indd 1916

Figure 348-7 Summary of potential mechanisms by which H.
pylori may lead to gastric secretory abnormalities. D, somatostatin
cell; ECL, enterochromaffin-like cell; G, G cell. (Adapted from J Calam
et al: Gastroenterology 113:543, 1997.)
acid production, increased duodenal acid, and mucosal injury. Basal
and stimulated (meal, gastrin-releasing peptide [GRP]) gastrin release
are increased in H. pylori–infected individuals, and somatostatinsecreting D cells may be decreased. H. pylori infection might induce
increased acid secretion through both direct and indirect actions of
H. pylori and proinflammatory cytokines (IL-8, TNF, and IL-1) on G,
D, and parietal cells (Fig. 348-7). GUs, in contrast, are associated with
H. pylori–induced pangastritis and normal or low gastric acid secretion.
H. pylori infection has also been associated with decreased duodenal
mucosal bicarbonate production. Data supporting and contradicting
each of these interesting theories have been demonstrated. Thus, the
mechanism by which H. pylori infection of the stomach leads to duodenal ulceration remains to be established.
In summary, the final effect of H. pylori on the GI tract is variable
and determined by microbial and host factors. The type and distribution of gastritis correlate with the ultimate gastric and duodenal
pathology observed. Specifically, the presence of antral-predominant
gastritis is associated with DU formation; gastritis involving primarily
the corpus predisposes to the development of GUs, gastric atrophy,
and ultimately gastric carcinoma (Fig. 348-8).
NSAID-induced disease
Epidemiology NSAIDs represent a group of the most commonly used
medications in the United States. More than 30 billion over-thecounter tablets and over 100 million prescriptions are sold yearly in the
United States alone. In fact, after the introduction of COX-2 inhibitors
in the year 2000, the number of prescriptions written for NSAIDs was
>111 million at a cost of $4.8 billion. Side effects and complications
due to NSAIDs are considered the most common drug-related toxicities in the United States. The spectrum of NSAID-induced morbidity
ranges from nausea and dyspepsia (prevalence reported as high as
50–60%) to a serious GI complication such as endoscopy-documented
peptic ulceration (15–30% of individuals taking NSAIDs regularly)
complicated by bleeding or perforation in as many as 1.5% of users
per year. It is estimated that NSAID-induced GI bleeding accounts
for 60,000–120,000 hospital admissions per year, and deaths related
to NSAID-induced toxicity may be as high as 16,000 per year in the
United States. Approximately 4–5% of patients develop symptomatic
ulcers within 1 year. Unfortunately, dyspeptic symptoms do not correlate with NSAID-induced pathology. Over 80% of patients with serious NSAID-related complications did not have preceding dyspepsia.
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