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Bugging of the Intestinal Mucosa
Clara Abraham, M.D., and Judy H. Cho, M.D.

An enormous array of adaptive mechanisms on
both sides of the host-microbial interface reflects
a complex coevolution. Deciphering the cross-talk
at this interface may yield new insights into its
relevance to health and disease. For example, Bar-
nich et al.* have recently described a host response
to bacteria in patients with Crohn’s disease.

A vast variety and number of microorganisms
normally live within the human intestine.? The
intestinal microbiome coexists with the intestinal
immune system and is required for normal in-
testinal immune development and homeostasis.
Several mechanisms prevent luminal bacteria, or
specific subgroups thereof, from damaging the
body or entering it in excessive numbers. These
include a mucus layer, antimicrobial peptides, IgA,
the epithelial-cell barrier, immune cells within the
intestine, and competition with other luminal
bacteria. Disruption or imbalance of these protec-
tive components can result in inappropriate in-
testinal inflammation, as in Crohn’s disease and
ulcerative colitis (inflammatory bowel disease).

Investigators have long sought to identify a
microorganism that causes inflammatory bowel
disease; mycobacterial and yersinia species were
past suspects but have not been proved guilty.
At present, inflammatory bowel disease is believed
to result from excessive intestinal immune acti-
vation that is driven by either luminal bacteria as
a whole or perhaps particular bacterial subpop-
ulations.?

In the host-microbial dialogue, proximity may
be an important factor driving host responses.
For instance, an increased number of adherent
invasive Escherichia coli adhere to the ileal mucosa
of patients with Crohn’s disease. Increased bac-
terial adherence is not unique to Crohn’s disease;
various stresses, such as surgery and starvation,
modify the characteristics of bacteria in the in-
testinal lumen, rendering them more adhesive to
the intestinal mucosa. It is not clear whether the
increased number of adherent invasive E. coli seen

in patients with Crohn’s disease is a primary or
secondary event and to what extent it contributes
to intestinal inflammation.

Barnich et al. have uncovered a mechanism by
which adherent invasive E. coli interact with the
epithelial cells of persons with Crohn’s disease.
They discovered that multiple strains of adherent
invasive E. coli adhere far better to epithelial cells
isolated from the ileum of persons with Crohn’s
disease than they do to cells of the same type
isolated from unaffected persons. This suggests
that there are specific alterations of the ileal epi-
thelial cells of persons with Crohn’s disease that
allow adherent invasive E. coli to adhere to a great-
er extent.

The authors discovered that type 1 pili — sur-
face organelles that are critical for maintaining
the colonization of epithelial surfaces, especially
those of the genitourinary and gastrointestinal
tracts — of adherent invasive E. coli mediate the
ability of the bacterium to adhere to ileal epithe-
lial cells. They then tried to identify the epithe-
lial-cell molecule or molecules responsible for
adherence. Mannose was found to diminish ad-
herence, thus implicating a mannose-containing
glycoprotein.

Of the various candidate proteins known to
enable bacterial adhesion, both carcinoembry-
onic antigen-related cell-adhesion molecule 6
(CEACAMOG) and CEACAMS are overexpressed in
the ileal epithelial cells of patients with Crohn’s
disease, as compared with those of controls. Bar-
nich et al. showed that this up-regulation occurs
in both inflamed and noninflamed regions of the
ileum, but not in the colon.

The investigators then found that adherent in-
vasive E. coli lost their adherence to enterocytes in
patients with Crohn’s disease only after the block-
ade of CEACAMG. Moreover, the presence of ad-
herent invasive E. coli causes an increase in the
expression of CEACAMG on the surface of cultured
intestinal cells, as does incubation with inter-
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feron-y or tumor necrosis factor a (TNF-q), pro-
inflammatory mediators of which increased lev-
els are typically found in the intestine of patients
with Crohn’s disease. The same group of inves-
tigators had previously shown that adherent in-
vasive E. coli can induce the secretion of TNF-«
from cultured macrophages.* Therefore, adherent
invasive E. coli may directly and indirectly induce
epithelial cells to up-regulate CEACAMO, there-

by enabling their own adhesion to these cells
(Fig. 1).

An elevated level of CEACAMG expression may
turn out to be a marker of increased levels of in-
flammatory cytokines in the absence of inflam-
mation on endoscopic or histologic examination,
although its degree of specificity will need to be
assessed.

So far, attempts to treat inflammatory bowel
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Figure 1. Crohn’s Disease and Carcinoembryonic Antigen—Related Cell-Adhesion Molecule 6 (CEACAM6).

A potential model comparing the normal ileum and the ileum in Crohn’s disease is shown. A study by Barnich et al.! showed that the
presence of the proinflammatory cytokines interferon-y (IFN-y) and tumor necrosis factor a (TNF-«), as well as exposure to adherent
invasive Escherichia coli, results in increased expression of CEACAMS in the ileal epithelium of patients with Crohn’s disease. Increased
CEACAMSG expression then mediates the adhesion of adherent invasive E. coli to the ileal epithelium; mechanisms of subsequent bacteri-
al entry are not fully defined. Interactions among adherent invasive E. coli, CEACAMS6, and inflammatory mediators such as TNF-a and
IFN-v in the inflammatory amplification loop are incompletely defined.
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disease by modulating the intestinal microbiome
(for example, with the use of probiotics and an-
tibiotics)> have met with mixed results, probably
reflecting the enormous complexity of the inter-
actions within the microbiome and between the
microbiome and the host. By increasing the ad-
hesion of adherent invasive E. coli, CEACAM6 may
contribute to an amplification loop of increased
colonization and inflammation. If adherent in-
vasive E. coli are critical to the initiation or main-
tenance of inflammation in Crohn’s disease,
blocking of the interaction between the type 1
pili of adherent invasive E. coli and epithelial
CEACAMG (e.g., with the use of monosaccha-
rides, oligosaccharides, or anti-CEACAMG6 anti-
bodies) might serve as a specific means of dis-
rupting the inflammatory amplification loop.

No potential conflict of interest relevant to this article was re-
ported.

From the Department of Medicine, University of Chicago, Chi-
cago (C.A.); and the Department of Medicine and Genetics,
Yale University School of Medicine, New Haven, CT (J.C.).

1. Barnich N, Carvalho FA, Glasser AL, et al. CEACAMG acts as
a receptor for adherent-invasive E. coli, supporting ileal mucosa
colonization in Crohn disease. J Clin Invest 2007;117:1566-74.
2. Hooper LV, Gordon JI. Commensal host-bacterial relation-
ships in the gut. Science 2001;292:1115-8.

3. Xavier R, Podolsky DK. Commensal flora: wolf in sheep’s
clothing. Gastroenterology 2005;128:1122-6.

4. Glasser AL, Boudeau J, Barnich N, et al. Adherent invasive
Escherichia coli strains from patients with Crohn’s disease sur-
vive and replicate within macrophages without inducing host
cell death. Infect Immun 2001;69:5529-37.

5. Sartor RB. Therapeutic manipulation of the enteric micro-
flora in inflammatory bowel diseases: antibiotics, probiotics,
and prebiotics. Gastroenterology 2004;126:1620-33.

Copyright © 2007 Massachusetts Medical Society.

COLLECTIONS OF ARTICLES ON THE JOURNAL’S WEB SITE
The Journal’s Web site (www.nejm.org) sorts published articles into
more than 50 distinct clinical collections, which can be used as convenient
entry points to clinical content. In each collection, articles are cited in reverse
chronologic order, with the most recent first.

N ENGL) MED 357;7 WWW.NEJM.ORG AUGUST 16, 2007

Downloaded from www.nejm.org at UNIVERSITY OF CALGARY on August 15, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.





