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Long-term proton pump inhibitor administration induces
atrophic corpus gastritis and promotes adenocarcinoma
development in Mongolian gerbils infected with Helicobacter

pylori
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The association between chronic active gastritis and pre-neoplastic conditions as well as
invasive cancer of the stomach was established several decades ago. The risk of progression
depended on the severity and distribution of gastritis, with cancer in particular occurring in
subjects with pan-gastritis. Subsequently, Helicobacter pylori was recognized as the primary
cause of chronic active gastritis, and it was demonstrated that the pattern of gastritis
corresponded with the colonization pattern of H. pylori. We and others then showed both in
animals and in humans that this pattern of colonization and associated gastritis primarily
depended on the level of acid output (1-2). Although this hypothesis was widely accepted, it
led to intense debate when dealing with the safety of long-term treatment with profound acid
suppressors. An elegant, long-awaited study from Japan in this issue of Gut provides
compelling evidence that the pattern of H. pylori colonization depends on acid output and
that this influences the long-term progression to neoplasia (3).

The current study was based on experiments in gerbils, one of the well established animal
models for the study of Helicobacter spp.-induced gastric disease (4). Gerbils, used
sparingly for biomedical research, were first reported as a model for experimental H. pylori
infection in 1991 (5). Interestingly, the gerbil has been shown to have particular relevant
features that can be used to address whether H. pylori can induce gastric cancer. Japanese
investigators have noted intestinal metaplasia, atrophy, and gastric ulcers in gerbils
experimentally infected with H. pylori (6-7). Following these findings, others noted that
gerbils infected with H. pylori from periods ranging from 15 to 18 months develop gastric
adenocarcinoma (8-9). The gastric cancers were clearly documented histologically.
Vascular invasion and metastases were not observed in either study.

The histological progression of H. pylori associated disease in the gerbil closely resembles
that observed in humans, including early appearance of intestinal metaplasia, well-
differentiated histologic patterns of gastric malignancy, and antral location of the gastric
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cancers. The development of cancer in the gerbil is also preceded by invagination of atypical
glands (cystica profunda) into the submucosa. The association with gastric ulcers in this
model continues to be of interest, given clinical studies in human patients indicating a link
between gastric ulcer disease and gastric cancer (10). Although most of the tumors in the H.
pylori gerbil model originate in the pyloric region of the stomach, significant changes in the
oxyntic mucosa consistent with chronic atrophic gastritis are also observed. Glandular tissue
in the gastric body and fundus are replaced by atrophy and hyperplastic epithelium of the
pseudopyloric type. A similar type of gastric atrophy (loss of oxyntic glands and neck cell
hyperplasia) has also been reported in H. felisor H. pylori-infected C57BL mice (11-12).

The gerbil appears to be uniquely susceptible to H. pylori-induced gastric neoplasia, and
further characterization of the gerbil model has provided important clues on gastric cancer
progression and host-bacteria interaction. The unusual susceptibility of this animal species
to gastric cancer using fairly standard H. pylori strains underscores once again the
overriding importance of host factors in determining the outcome from gastric Helicobacter
spp. infection (13). Further, a possible role for altered gastrin physiology in the pathogenesis
of gastric cancer has been raised by several recent studies. In Mongolian gerbils, H. pylori
leads to marked elevation of serum gastrin levels which coincide temporally with increases
in gastric mucosal proliferation rates (14). This is consistent with experiments in inbred
(FVBI/N) mice that were rendered moderately hypergastrinemic through an insulin-gastrin
(INS-GAS) transgene. In this model there is increased mucosal proliferation and progressive
atrophy, and gastric carcinomas develop in20 months old INS/GAS mice (15). Infection of
these hypergastrinemic mice with H. felisand H. pylori accelerates tumorigenesis, with the
majority (85%) of infected male mice developing gastric cancer within 8 months after
colonization. We recently reported that this chronic, progressive process is enhanced by co-
colonization with enteric flora (16).

Using this well described and reproducible gerbil model, Japanese investigators have
conducted a very important study, examining the potential effect of PPI therapy on
progression of H. pylori associated disease (3). The male gerbils were divided into four
groups: H. pylori (ATCC43504)-positives and —negatives, with and without administration a
PPI (omeprazole 100 mg/kg body weight/day). At the end point of the 6 months experiment,
the authors provided detailed analysis of gastric pathology including morphometric severity
of parietal cell loss. The authors made a concerted effort to address confusion in the
literature with respect to what constitutes a “gastric adenocarcinoma” in a Mongolian gerbil
model and how to differentiate an “invasive carcinoma” from “heterotopic glands” that are
frequently encountered in these models during the early course of the disease. The ability to
differentiate glandular herniation into the submucosa from the true invasion is an important
consideration in evaluating rodent models of H. spp. induced gastric cancer. Indeed with
these histopathological criteria in mind the results were remarkable and provide considerable
support for previously published literature in humans. H. pylori —negative male gerbils did
not develop gastritis, metaplasia, or cancer irrespective of PPI treatment. H. pylori —positive
gerbils all developed gastritis, and most also developed metaplasia during the later stages of
disease. Treatment with omeprazole in H. pylori —positive animals accelerated progression
to atrophy and enhanced hypergastrinemia, resulting in a significantly increased incidence of

Gut. Author manuscript; available in PMC 2014 August 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fox and Kuipers

Page 3

gastric cancer (3). The authors emphasize that hypergastrinemia might be promoting the
development of H. pylori gastric cancer. Given gender susceptibility to H. pylori associated
gastric cancer in humans and rodent models, additional studies using H. pylori female
gerbils on chronic PPI theraphy should provide additional interesting insights.

Overall, the findings in the current paper support previous findings by us and others showing
the increased risk of gastric atrophy in H. pylori infected patients on PPI therapy (2, 17-19).
In humans, it remains to be shown whether chronic PPI therapy in H. pylori infected
individuals also increases the further progression to metaplasia, dysplasia and neoplasia.
These studies will require longer term follow-up of this subset of patients. In the meantime,
the current findings in this paper support the argument regarding the importance of
considering H. pylori eradication in patients on long-term PPI treatment to cure gastritis,
lower gastrin levels, and prevent progression to atrophy, dysplasia and gastric cancer. This
recommendation is consistent with European guidelines on H. pylori treatment in humans

(20).

References

1.

Danon SJ, O’Rourke JL, Moss ND, Lee A. The importance of local acid production in the
distribution of Helicobacter felis in the mouse stomach. Gastroenterology. 1995 May; 108(5):1386—
95. [PubMed: 7729630]

. Kuipers EJ, Uyterlinde AM, Pena AS, Hazenberg HJ, Bloemena E, Lindeman J, et al. Increase of

Helicobacter pylori-associated corpus gastritis during acid suppressive therapy: implications for
long-term safety. Am J Gastroenterol. 1995 Sep; 90(9):1401-6. [PubMed: 7661157]

. Hagiwara T, Mukaisho K, Nakayama T, Sugihara H, Hattori T. Long-term proton pump inhibitor

administration induces atrophic corpus gastritis and promotes adenocarcinoma development in
Mongolian gerbils infected with Helicobacter pylori. Gut. 2011this issue; page details to be
completed

. Fox JG, Wang TC. Inflammation, atrophy, and gastric cancer. J Clin Invest. 2007 Jan; 117(1):60-9.

[PubMed: 17200707]

. Yokota K, Kurebayashi Y, Takayama Y, Hayashi S, Isogai H, Isogai E, et al. Colonization of

Helicobacter pylori in the gastric mucosa of Mongolian gerbils. Microbiol Immunol. 1991; 35(6):
475-80. [PubMed: 1921762]

. Hirayama F, Takagi S, Kusuhara H, lwao E, Yokoyama Y, lkeda Y. Induction of gastric ulcer and

intestinal metaplasia in mongolian gerbils infected with Helicobacter pylori. J Gastroenterol. 1996
Oct; 31(5):755-7. [PubMed: 8887049]

. Honda S, Fujioka T, Tokieda M, Gotoh T, Nishizono A, Nasu M. Gastric ulcer, atrophic gastritis,

and intestinal metaplasia caused by Helicobacter pylori infection in Mongolian gerbils. Scand J
Gastroenterol. 1998 May; 33(5):454-60. [PubMed: 9648982]

. Honda S, Fujioka T, Tokieda M, Satoh R, Nishizono A, Nasu M. Development of Helicobacter

pylori-induced gastric carcinoma in Mongolian gerbils. Cancer Res. 1998 Oct 1; 58(19):4255-9.
[PubMed: 9766647]

. Watanabe T, Tada M, Nagai H, Sasaki S, Nakao M. Helicobacter pylori infection induces gastric

cancer in mongolian gerbils. Gastroenterology. 1998 Sep; 115(3):642-8. [PubMed: 9721161]

10. Hansson LE, Nyren O, Hsing AW, Bergstrom R, Josefsson S, Chow WH, et al. The risk of

stomach cancer in patients with gastric or duodenal ulcer disease. N Engl J Med. 1996 Jul 25;
335(4):242-9. [PubMed: 8657240]

11. Wang TC, Goldenring JR, Dangler C, Ito S, Mueller A, Jeon WK, et al. Mice lacking secretory

phospholipase A2 show altered apoptosis and differentiation with Helicobacter felis infection.
Gastroenterology. 1998 Apr; 114(4):675-89. [PubMed: 9516388]

Gut. Author manuscript; available in PMC 2014 August 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fox and Kuipers

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 4

Fox JG, Dangler CA, Taylor NS, King A, Koh TJ, Wang TC. High-salt diet induces gastric
epithelial hyperplasia and parietal cell loss, and enhances Helicobacter pylori colonization in
C57BL/6 mice. Cancer Res. 1999 Oct 1; 59(19):4823-8. [PubMed: 10519391]

Wang TC, Fox JG. Helicobacter pylori and gastric cancer: Koch’s postulates fulfilled?
Gastroenterology. 1998 Sep; 115(3):780-3. [PubMed: 9742001]

Peek RM Jr, Wirth HP, Moss SF, Yang M, Abdalla AM, Tham KT, et al. Helicobacter pylori alters
gastric epithelial cell cycle events and gastrin secretion in Mongolian gerbils. Gastroenterology.
2000 Jan; 118(1):48-59. [PubMed: 10611153]

Wang TC, Dangler CA, Chen D, Goldenring JR, Koh T, Raychowdhury R, et al. Synergistic
interaction between hypergastrinemia and Helicobacter infection in a mouse model of gastric
cancer. Gastroenterology. 2000 Jan; 118(1):36-47. [PubMed: 10611152]

Lofgren JL, Whary MT, Ge Z, Muthupalani S, Taylor NS, Mobley M, et al. Lack of commensal
flora in Helicobacter pylori-infected INS-GAS mice reduces gastritis and delays intraepithelial
neoplasia. Gastroenterology. 2011; 140:210-20. [PubMed: 20950613]

Kuipers EJ, Lundell L, Klinkenberg-Knol EC, Havu N, Festen HP, Liedman B, et al. Atrophic
gastritis and Helicobacter pylori infection in patients with reflux esophagitis treated with
omeprazole or fundoplication. N Engl J Med. 1996 Apr 18; 334(16):1018-22. [PubMed: 8598839]
Lundell L, Havu N, Miettinen P, Myrvold HE, Wallin L, Julkunen R, et al. Changes of gastric
mucosal architecture during long-term omeprazole therapy: results of a randomized clinical trial.
Aliment Pharmacol Ther. 2006 Mar 1; 23(5):639-47. [PubMed: 16480403]

Kuipers EJ. Proton pump inhibitors and gastric neoplasia. Gut. 2006 Sep; 55(9):1217-21.
[PubMed: 16905689]

Malfertheiner P, Megraud F, O’Morain C, Bazzoli F, EI-Omar E, Graham D, et al. Current
concepts in the management of Helicobacter pylori infection: the Maastricht I11 Consensus Report.
Gut. 2007 Jun; 56(6):772-81. [PubMed: 17170018]

Gut. Author manuscript; available in PMC 2014 August 19.



