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Disappearing Microbiota: Helicobacter pylori Protection against
Esophageal Adenocarcinoma
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Once rare, esophageal adenocarcinoma (EAC) is the most ra-

historic migrations out of Africa over 58,000 years ago (13).
Acquired in young childhood, H. pylori persists in the stomach
essentially for life unless eradicated by antibiotics (14, 15).
H. pylori in humans was nearly omnipresent until recently.
Clone libraries of 16S rRNA genes show that H. pylori is the
most numerous organism in the human stomach (16), in contrast with most other human niches where no single organism
dominates persistently. H. pylori strains can be subdivided on
the basis of cagA, a marker gene for the presence of the cag
island, a chromosomal region that encodes a type IV secretion
system that injects H. pylori constituents (including the cagA
protein) into human gastric mucosal epithelial cells (17, 18).
In this and many other characteristics, cagA+ H. pylori strains
are more interactive with human hosts than are cagA-negative
strains (15, 17–19). On the basis of history, numbers, and intimacy, H. pylori can be considered as having been the dominant
microbe colonizing the human stomach.
In developed countries, however, H. pylori has been progressively disappearing over the course of the 20th century (2022). This secular trend allows examination of the consequences
of the presence or absence of H. pylori (Fig. 1). Numerous studies have made it clear that H. pylori–positive and H. pylori–
negative persons have substantial differences in gastric physiology and in tissue and immune responses (15). It also has
become clear that the presence of H. pylori increases the risks
for peptic ulcer disease and noncardia gastric cancer (NCGC;
NCGC is used synonymously with the term “gastric cancer”
throughout this Perspective) and that removing H. pylori with
antibiotics reduces these risks (23, 24). Therefore, there is biological cost to humans to carry H. pylori, the removal of which
may improve public health in some areas of the world (25).
Not surprisingly, the cagA+ strains, which are more interactive,
are associated with a greater risk of these diseases (26, 27).
Nevertheless, it is important to examine whether there are disease contexts in which persistent gastric carriage of H. pylori
could confer benefits.
In this issue of Cancer Prevention Research, Islami and Kamangar have deepened our understanding of one such potential benefit (28). To better characterize the relationship
between H. pylori and esophageal cancers, they did a
meta-analysis of 19 studies involving over 1,700 cases and
5,600 controls. Their careful studies confirm and extend
the results of a prior meta-analysis that examined a group
of publications that only partially overlapped theirs (29).
The analysis of Islami and Kamangar led to four major observations. First, there is an inverse relationship between the
presence of H. pylori and EAC. Second, this phenomenon
was present in widely dispersed geographic regions. Third,
the effect appears to be essentially exclusively related to
cagA+ strains. Last, there was no relationship of H. pylori
with esophageal squamous cell carcinomas. Based on a variety of different definitions and analyses, the results showed

pidly increasing malignancy in many developed countries,
such as the United States, United Kingdom, Australia, and
Norway, and now is surpassing esophageal squamous cell carcinomas in certain populations (1, 2). EAC has very specific
clinical and epidemiologic characteristics: It involves the distal
but not proximal esophagus, preferentially affects males and
people of higher socioeconomic status, and unlike esophageal
squamous cell carcinoma, is not related to drinking alcohol or
smoking (3). The rapid increase in EAC is not an artifact of
surveillance or classification (4); it is real and frightening. A
smaller increase in adenocarcinomas involving the gastric cardia is probably related to the increase in EAC (5); however,
this relationship is unclear because the origin of cardia tumors,
which frequently are advanced when diagnosed, could be esophageal or gastric.
In recent years, it has become clear that EAC is a consequence of long-term gastroesophageal reflux disease, an inflammatory condition of the distal esophagus (6), often
through progression to Barrett's esophagus, a metaplastic malady that may become dysplastic (7, 8). The three progressive
and related conditions—gastroesophageal reflux disease, Barrett's esophagus, and EAC—have been increasing over the
past several decades in developed countries; their substantial
increase is a late 20th century phenomenon; and they were essentially unknown before 1900 (9).
Numerous hypotheses have been raised to explain the origins of these maladies, which are not obvious (10). Nevertheless, reports going back more than 10 years have linked the
rising tide of gastroesophageal reflux disease and its consequences with Helicobacter (H.) pylori (gram-negative bacteria
that colonize the human stomach), especially the cagA+ variety, but inversely (8, 11, 12). This inverse association raised
an intriguing question: How could the lack of an organism
predispose to a cancer?
Understanding the relationship between H. pylori and humans is necessary to begin addressing this question. Fortunately, much has been learned about H. pylori since its
discovery and isolation in pure culture in 1982. It now is clear
that H. pylori has colonized the human stomach probably since
the beginning of the human species and certainly before pre-
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Fig. 1. Steiner stain of gastric antral biopsies from an H. pylori–positive patient (left) and an H. pylori–negative patient (right; photomicrographs courtesy of
Zhiheng Pei, M.D., Ph.D.). H pylori positivity is associated with risk of gastric cancer, whereas H. pylori negativity is associated with risk of EAC. The presence
of H. pylori (left) is indicated by the dark curved bacilli in the mucus layer adjacent to the epithelial cell surfaces. The H. pylori–positive biopsy shows deeper staining of
the epithelial cells, indicating tissue reactivity, and the lamina propria shows increased mononuclear cell numbers (compared with the H. pylori–negative biopsy).
The biopsies were formalin fixed and paraffin embedded, and both images have the same magnification (bar, 50 μm).

remarkable consistency in indicating that the absence of
H. pylori is at least a marker of risk for EAC and may be
partially responsible for these cancers. The specificity of the
relationships (EAC but not esophageal squamous cell carcinoma; cagA+ but not cagA-negative) provides further support for a causal relationship. These analyses tie the
secular trend of the disappearance of H. pylori with that
of the increase in incidence of EAC (Fig. 2) in a causal
(rather than coincidental) relationship. Because H. pylori is
a risk factor for NCGC (11), it is not surprising that the disappearance of an etiologic agent (H. pylori; refs. 20–22) has
been followed by the gradual diminution in incidence of its

sequelum (NCGC; ref. 30). The analyses of Islami and Kamangar provide evidence that just as H. pylori disappearance is reducing NCGC incidence, it may be fueling the
increase of EAC incidence, linking the two known and opposing secular trends.
As exciting as these results are, they raise important questions needing to be addressed. For example, is the absence of
H. pylori just a marker for another causal phenomenon? Why
do only some H. pylori–negative persons develop EAC? Why
does EAC develop sometimes in H. pylori–positive persons?
The path toward answering such questions lies in both prospective and mechanistic studies.

Fig. 2. Relative incidences of gastric H. pylori
colonization, NCGC, and EAC during the 20th century
in the United States and other now-developed
countries. After a relatively short latency, the
incidence of NCGC began to decrease in parallel with
the declining incidence of H. pylori. However, the
increase in EAC did not begin until many decades
after both H. pylori and noncardia gastric cancer had
begun to decrease.
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more rapidly than are cagA-negative strains in developed
country populations (21). It is possible that the particular
balance of cagA+ and cagA-negative strains in a host's stomach is critical to the types of pathophysiologic interactions
that occur (46). Furthermore, H. pylori can be detected by
PCR in persons who are negative for H. pylori by all conventional methods (including histologic examination, specific culture, and serologic responses; refs. 16, 47). We do not
fully understand this phenomenon of low-level colonization
and so do not have the tools to link it either to disease or to
disease protection. Our knowledge of overall gastric microecology is still sparse (16). Fourth hypothesis: A change in
the microecology of the esophagus could induce esophageal
inflammation. It only recently has become clear that the
distal esophagus has residential microbiota (36); just as the
stomach once was considered “sterile,” the idea of residential esophageal microbiota had not been considered (until
recently). Preliminary studies suggest that changes in esophageal microecology occur before premalignant changes
(48). In addition to having changes secondary to the absence
of H. pylori, microecology may have independent differences
reflecting other factors as well. This is an area needing
much greater examination.
In 1998, I began using the term acagia to describe the status
of a person with no evidence for the gastric carriage of a cagA+
H. pylori strain and I hypothesized that acagia may predispose
individuals to the risk of esophageal diseases, including gastroesophageal reflux disease, Barrett's esophagus, and EAC
(49). A decade later, we now have a sufficient number of relevant observations to address this hypothesis, and the analysis
by Islami and Kamangar (28) provides strong supporting
evidence. In light of the Bradford Hill (50) criteria for understanding questions of causality, the consistency, coherence,
secular trends, and biological plausibility of H. pylori protecting against esophageal carcinogenesis all point toward a true
relationship.
However, we are just at the beginning of the story. As medical scientists, we must learn to understand H. pylori as a human organism that evolved in the gastric niche and whose
elimination must have consequences (46, 49). H. pylori increases risk for one major form of cancer (NCGC) and yet appears to protect against a less common but rapidly increasing
malignancy (EAC), and inversely correlates with (and so may
protect against) other important diseases (e.g., allergic asthma,
rhinitis, and atopy) that have been increasing (especially in
children) as H. pylori has been disappearing (22). We must
learn how to optimize public health not only where H. pylori
and NCGC are too prevalent but also where the disappearance of H. pylori is possibly leading to the emergence of diseases that were not common previously. The solutions to these
divergent problems likely will differ. Elimination of H. pylori is
beneficial for elderly persons who already have had NCGC or
have gastric premalignant changes (24). However, finding the
optimal age (and population) for H. pylori eradication in light
of the potential benefits of colonization in earlier life will require a balanced strategy. We are just beginning to understand
the critical factors involved with H. pylori or other microbiota
that drive the risk of or protection from disease (46).
H. pylori colonization is an exciting and critically important
area of human biology not only because of the medical significance of H. pylori per se but also as a model of changing

Several mechanisms could be relevant to the potential protective effect of H. pylori gastric colonization against EAC and
its precursor lesions. First, gastric acidity begins to diminish
after decades of carriage of H. pylori and the gradual agerelated development of atrophic gastritis (15, 31). Therefore,
the H. pylori–positive stomach produces a lower acid load
and less damage to the distal esophagus when reflux arises.
Second, a role of H. pylori in regulating gastric secretion of
leptin could affect the propensity for gastroesophageal reflux
disease and sequelae because leptin would be present in the
refluxate and the esophagus possesses leptin receptors (32).
A similar mechanism could also be at play for gastric ghrelin
(33). Third, H. pylori, by its effects on the gastric T-cell compartments (34, 35), may skew immune and cytokine responses
in ways that affect the adjacent esophageal compartment.
Fourth, the presence of H. pylori may affect the other constituent organisms within the gastric (16) and esophageal (36) microbiota, and such effects in the lumen may affect microbiota
interactions with tissues (37). Last, effects on esophagealgastric motility, including those mediated by vagal innervation, may also influence H. pylori effects in the esophagus
(38). At present, there is insufficient direct evidence for determinant roles of any of these proposed mechanisms, making
them critical directions for future research.
Another interesting question is illustrated in Fig. 2. NCGC
incidence began to decrease in the early 20th century, and we
now know that H. pylori incidence fell as well; both trends began well before the discovery of H. pylori (30) and physician
attempts to eradicate it (23, 24). However, the increase in EAC
did not begin until decades after gastric cancer rates began to
decrease—Why?
Because the relationship of H. pylori with NCGC is direct
and with EAC is inverse, it is necessary to consider several
hypotheses to explain the timing dichotomy between decreasing gastric cancer rates and increasing EAC rates. First
hypothesis: The age of acquiring a substantial H. pylori–associated
risk differs between NCGC and EAC. H. pylori–associated risk
may begin early (before age 10 years) for NCGC and later
(after the age of 50 years) for EAC. Studies of migrants to
the United States conducted 50 years ago support the critical
importance of early age in acquiring risk for gastric cancer
(39); as yet, there is no direct such evidence with regard to
EAC. Second hypothesis: The risk of EAC requires a cofactor
(in addition to lack of cagA+ H. pylori) that has been acquired
in recent years. Possible candidates for a cofactor acquired
after 1950 include antibiotic use that not only affected H. pylori
but also altered the other microbiota (37, 40); iron fortification
of foods, especially bread and cereals (ref. 41; beginning in
the 1940s), because high iron levels increase risk of EAC and
other cancers (42); and the relatively recent explosive rise in
obesity (43, 44). The differing time courses of the rates of
H. pylori disappearance in the West and in East Asia may provide clues about the candidate cofactors for this hypothesis.
Third hypothesis: A change in the microecology of the
stomach affects the esophagus. H. pylori may suppress competing microbiota, which bloom in its absence. Although we
generally consider individuals to be H. pylori–positive or H.
pylori–negative—an “either/or” proposition—the reality is
more complex. H. pylori–positive persons may harbor several
different H. pylori strains, including cagA+ or cagA-negative
ones (45). There is evidence that cagA+ strains are declining
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microbiota (37) in body compartments barely yet assessed molecularly for their microbial contents. Microbial species and
their gene content, as well as transcripts expressed and the
proteins produced, will all likely affect the ultimate oncogenic
drama. Stay tuned.

Disclosure of Potential Conflicts of Interest
Martin J. Blaser is one of the codiscoverers of cagA based on studies conducted at Vanderbilt University. He could potentially receive royalties based on
commercialization of his inventions; no applications of this technology are currently licensed.

References
1. Devesa SS, Blot WJ, Fraumeni JF Jr. Changing
patterns in the incidence of esophageal and gastric
carcinoma in the United States. Cancer 1998;83:
2049–53.
2. Powell J, McConkey CC, Gillison EW, Spychal RT.
Continuing rising trend in oesophageal adenocarcinoma. Int J Cancer 2002;102:422–7.
3. Brown LM, Devesa SS. Epidemiologic trends in
esophageal and gastric cancer in the United States.
Surg Oncol Clin N Am 2002;11:235–56.
4. Pohl H, Welch HG. The role of overdiagnosis and
reclassification in the marked increase of esophageal adenocarcinoma incidence. J Natl Cancer Inst
2005;97:142–6.
5. Kamangar F, Dawsey SM, Blaser MJ, et al. Opposing risks of gastric cardia and noncardia gastric
adenocarcinomas associated with Heliobacter
pylori seropositivity. J Natl Cancer Inst 2006;98:
1445–52.
6. Lagergren J, Bergstrom R, Lindgren A, Nyren O.
Symptomatic gastroesophageal reflux as a risk factor for esophageal adenocarcinoma. N Engl J Med
1999;340:825–31.
7. Anandasabapathy S, Jhamb J, Davila M, Wei C,
Morris J, Bresalier R. Clinical and endoscopic factors predict higher pathologic grades of Barrett
dysplasia. Cancer 2007;109:668–74.
8. Anderson LA, Murphy SJ, Johnston BT, et al. Relationship between Helicobacter pylori infection
and gastric atrophy and the stages of the oesophageal inflammation, metaplasia, adenocarcinoma
sequence: results from the FINBAR case-control
study. Gut 2008;57:734–9.
9. Winkelstein A. Peptic esophagitis: a new clinical
entity. JAMA 1935;104:906–8.
10. Jansson C, Johansson AL, Nyren O, Lagergren J.
Socioeconomic factors and risk of esophageal adenocarcinoma: a nationwide Swedish case-control
study. Cancer Epidemiol Biomarkers Prev 2005;
14:1754–61.
11. Peek RM, Blaser MJ. Helicobacter pylori and gastrointestinal tract adenocarcinomas. Nat Rev
Cancer 2002;2:28–37.
12. Corley DA, Kubo A, Levin TR, et al. Helicobacter pylori infection and the risk of Barrett's oesophagus: a community-based study. Gut 2008;57:
727–33.
13. Linz B, Balloux F, Moodley Y, et al. An African
origin for the intimate association between humans and Helicobacter pylori. Nature 2007;445:
915–8.
14. Suerbaum S, Michetti P. Helicobacter pylori infection. N Engl J Med 2002;347:1175–86.
15. Blaser MJ, Atherton J. Helicobacter pylori persistence: biology and disease. J Clin Invest 2004;113:
321–33.
16. Bik EM, Eckburg PB, Gill SR, et al. Molecular analysis of the bacterial microbiota in the human stomach. Proc Natl Acad Sci U S A 2006;103:732–7.
17. Hatakeyama M. Oncogenic mechanisms of the
Helicobacter pylori CagA protein. Nat Rev Cancer
2004;4:688–94.

www.aacrjournals.org

18. Viala J, Chaput C, Boneca IG, et al. Nod1
responds to peptidoglycan delivered by the
Helicobacter pylori cag pathogenicity island.
Nat Immunol 2004;5:1166–74.
19. Pillinger MH, Marjanovic N, Kim S-Y, et al.
Helicobacter pylori stimulates gastric epithelial
cell MMP-1 secretion via CagA-dependent and
independent ERK activation. J Biol Chem
2007;282:18722–31.
20. Banatvala N, Mayo K, Megraud F, Jennings R,
Deeks JJ, Feldman RA. The cohort effect and
Helicobacter pylori. J Infect Dis 1993;168:219–21.
21. Perez-Perez GI, Salomaa A, Kosunen TU, et al.
Evidence that cagA(+) Helicobacter pylori strains
are disappearing more rapidly than cagA(−) strains.
Gut 2002;50:295–8.
22. Chen Y, Blaser MJ. Helicobacter pylori colonization is inversely associated with childhood asthma.
J Infect Dis 2008;198:553–60.
23. Hentschel E, Brandstätter G, Dragosics B, et al.
Effect of ranitidine and amoxicillin plus metronidazole on the eradication of Helicobacter pylori and
the recurrence of duodenal ulcer. N Engl J Med
1993;328:308–12.
24. Fukase K, Kato M, Kikuchi S, et al for the Japan
Gast Study Group. Effect of eradication of Helicobacter pylori on incidence of metachronous gastric
carcinoma after endoscopic resection of early gastric cancer: an open-label, randomised controlled
trial. Lancet 2008;372:392–97.
25. Fock KM, Talley NJ, Moayyedi P, et al. Asia
Pacific Consensus Guideline on gastric cancer
prevention. J Gastroenterol Hepatol 2008;23:
351–65.
26. Basso D, Zambon CF, Letley DP, et al. Clinical
relevance of Helicobacter pylori cagA and vacA
gene polymorphisms. Gastroenterology 2008;135:
91–9.
27. Plummer M, van Doorn LJ, Franceschi S, et al.
Helicobacter pylori cytotoxin-associated genotype
and gastric precancerous lesions. J Natl Cancer
Inst 2007;99:1328–34.
28. Islami F, Kamangar F. Helicobacter pylori and
esophageal cancer risk: a meta-analysis. Cancer
Prev Res 2008;1:329–38.
29. Rokkas T, Pistiolas D, Sechopoulos P, Robotis
I, Margantinis G. Relationship between Helicobacter pylori infection and esophageal neoplasia: a
meta-analysis. Clin Gastroenterol Hepatol 2007;
5:1413–17.
30. Howson CP, Hiyama T, Wynder EL. The decline
in gastric cancer: epidemiology of an unplanned triumph. Epidemiol Rev 1986;8:1–27.
31. Oksanen A, Sipponen P, Karttunen R, et al.
Atrophic gastritis and Helicobacter pylori infection
in outpatients referred for gastroscopy. Gut 2000;
46:460–3.
32. Francois F, Roper J, Groodman A, et al. The association of gastric leptin with oesophageal inflammation and metaplasia. Gut 2008;57:16–24.
33. de Martel C, Haggerty TD, Corley DA, Vogelman
JH, Orentreich N, Parsonnet J. Serum ghrelin levels

311

and risk of subsequent adenocarcinoma of the esophagus. Am J Gastroenterol 2007;102:1166–72.
34. Lundgren A, Strömberg E, Sjöling A, et al. Mucosal FOXP3-expressing CD4+ CD25 high regulatory
T cells in Helicobacter pylori-infected patients. Infect Immun 2005;73:523–31.
35. Robinson K, Kenefeck R, Pidgeon E, et al. Helicobacter pylori-induced peptic ulcer disease is associated with inadequate regulatory T-cell responses.
Gut 2008.
36. Pei Z, Bini EJ, Yang L, Zhou M, Francois F, Blaser
MJ. Bacterial biota in the human distal esophagus.
Proc Natl Acad Sci U S A 2004;101:4250–5.
37. Blaser MJ. Understanding microbe-induced cancers. Cancer Prev Res 2008;1:15–20.
38. Ogilvie AL, James PD, Atkinson M. Impairment of
vagal function in reflux oesophagitis. Q J Med
1985;54:61–74.
39. Haenszel W. Variation in incidence of and mortality from stomach cancer, with particular reference
to the United States. J Natl Cancer Inst 1958;21:
213–62.
40. Blaser MJ. Who are we? Indigenous microbes
and the ecology of human diseases. EMBO Rep
2006;7:956–60.
41. Hurrell RF. Preventing iron deficiency through
food fortification. Nutr Rev 1997;55:210–22.
42. Chen X, Yang CS. Esophageal adenocarcinoma:
a review and perspectives on the mechanism of
carcinogenesis and chemoprevention. Carcinogenesis 2001;22:1119–29.
43. Vaughan TL, Davis S, Kristal A, Thomas DB.
Obesity, alcohol, and tobacco as risk factors
for cancers of the esophagus and gastric cardia:
adenocarcinoma versus squamous cell carcinoma.
Cancer Epidemiol Biomarkers Prev 1995;4:85–92.
44. Whiteman DC, Sadeghi S, Pandeya N, et al.
Combined effects of obesity, acid reflux and smoking on the risk of adenocarcinomas of the oesophagus. Gut 2007;57:173–80.
45. Ghose C, Perez-Perez GI, van Doorn LJ, Dominguez-Bello MG, Blaser MJ. High frequency of gastric colonization with multiple Helicobacter pylori
strains in Venezuelan subjects. J Clin Microbiol
2005;43:2635–41.
46. Blaser MJ, Kirschner D. The equilibria that permit
bacterial persistence in human hosts. Nature 2007;
449:843–9.
47. Andersson AF, Lindberg M, Jakobsson H,
Bäckhed F, Nyrén P, Engstrand L. Comparative
analysis of human gut microbiota by barcoded pyrosequencing. PLoS ONE 2008;3:e2836.
48. Pei Z, Yang L, Peek RM, Levine SM, Pride DT,
Blaser MJ. Bacterial biota in reflux esophagitis
and Barrett's esophagus. World J Gastroenterol
2005;11:7277–83.
49. Blaser MJ. The changing relationships of Helicobacter pylori and humans: implications for health
and disease. J Infect Dis 1999;179:1523–30.
50. Hill AB. The environment and disease: association or causation? Proc Soc Med 1965;58:
295–300.

Cancer Prev Res 2008;1(5) October 2008

Downloaded from cancerpreventionresearch.aacrjournals.org on February 23, 2017. © 2008 American Association
for Cancer Research.

Disappearing Microbiota: Helicobacter pylori Protection
against Esophageal Adenocarcinoma
Martin J. Blaser
Cancer Prev Res 2008;1:308-311.

Updated version
Supplementary
Material

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerpreventionresearch.aacrjournals.org/content/1/5/308
Access the most recent supplemental material at:
http://cancerpreventionresearch.aacrjournals.org/content/suppl/2008/10/14/1.5.308.DC1

This article cites 49 articles, 22 of which you can access for free at:
http://cancerpreventionresearch.aacrjournals.org/content/1/5/308.full.html#ref-list-1
This article has been cited by 7 HighWire-hosted articles. Access the articles at:
/content/1/5/308.full.html#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, contact the AACR Publications
Department at permissions@aacr.org.

Downloaded from cancerpreventionresearch.aacrjournals.org on February 23, 2017. © 2008 American Association
for Cancer Research.

