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H UMANS ARE NOT INHERENTLY ENDOWED WITH A HEALTHY IMMUNE SYSTEM. THE FATE OF THE

immune system depends on its interaction with a large variety of commensal microorganisms,
most of which live in the lower gastrointestinal tract.  How the body maintains homeostasis

with an incredibly complex enteric microflora is beginning to be discerned. For example, it was recently
shown that the recognition of commensal bacteria by epithelial cells protects against intestinal injury.
Appropriate immune recognition of enteric bacteria is also essential to host–bacteria symbiosis, and a
recent report by Mazmanian and colleagues implicates a single bacterial molecule as critical to this
process.
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Mazmanian et al. introduced Bacteroides fragilis, a ubiquitous gram-negative anaerobe abundant in the
mammalian gastrointestinal tract, into germ-free mice to study how the immune system responds to an
immunodominant bacterial polysaccharide (abbreviated here as PSac rather than PSA to avoid confusion
with prostate-specific antigen) during colonization. The spleens of animals colonized with B. fragilis with
wild-type PSac had a normal number of CD4+ T cells and normal lymphoid architecture, whereas the
spleens of animals colonized with a PSac deletion mutant (ΔPSac) had low CD4+ T-cell counts and gross
anatomical depletion, implying a role of PSac in lymphoid organogenesis (Figure 1). Because these
results suggest that PSac is necessary to stimulate the proliferation of T cells, the authors fed conventional
mice purified PSac and found that it increased the numbers of splenic CD4+ T cells, demonstrating that
recognition of PSac by the intestinal immune system is sufficient to induce systemic lymphocyte
expansion.

The immune response invoked by PSac involved recognition by and activation of antigen-presenting
dendritic cells. This recognition also led to a dose-dependent increase in T-cell proliferation, an event that
probably mimics what happens in vivo after colonization with B. fragilis. Antigen-specific proliferation is
necessary but not sufficient for effective immunity; production of an appropriate cytokine repertoire is
mandatory.

Mazmanian et al. therefore cultured dendritic cells with CD4+ T cells in the presence of wild-type or
chemically modified (Nac) PSac. They observed a dose-dependent up-regulation of interferon-γ, a type 1
helper T cell (Th1) cytokine, but not of interleukin-4, a type 2 helper T cell (Th2) cytokine, in response to
wild-type PSac, but not Nac PSac. Because the production of Th2 cytokines is often considered a default
pathway associated with pathologic responses, the authors interpreted the PSac-induced up-regulation of
interferon-γ as correct and necessary to establish the proper balance of Th1 and Th2 cytokines. To support
this conclusion, they conducted in vivo experiments showing that splenocytes from mice colonized with
B. fragilis expressing wild-type PSac produced large amounts of interferon-γ and little interleukin-4. The
opposite was true in mice colonized with B. fragilis that did not express wild-type PSac: their splenocytes
produced little interferon-γ but abundant amounts of interleukin-4, a Th2 pattern also found in bacteria-
free animals and precolonized human neonates. Taken together, the outcome of these in vitro and in vivo
experiments indicates that a single bacterial molecule elicits an amazing variety of responses that are
needed to establish and maintain immune homeostasis.

Finally, the authors observed a rare abnormality in mice colonized with B. fragilis that did not express
wild-type PSac. The majority of these mice had excessive growth of B-cell–like follicles in the thymic
medulla, whereas the thymus in mice harboring wild-type B. fragilis was normal (Figure 1). Given the
central role of the thymus in the development of normal cell-mediated immunity, this observation further
underscores the key role of PSac in the establishment of robust systemic immunity.

The Multiple Immunomodulatory Activities of the Bacteroides fragilis Polysaccharide (PSac) Molecule.
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What are the clinical implications of these experiments? The answer seems simple: we need only a few
commensal bugs in the gut to be immunologically fit. If this is true, why do we carry billions of microbial
species in our intestines? The reason may also be simple: in addition to balancing our immunologic act,
bacteria perform countless other physiologic tasks. The corollary to both conclusions is obvious: we must
keep enteric bacteria happy. At the moment it appears that we are not doing a very good job, given that
allergic and autoimmune diseases, including those that affect the gastrointestinal tract, are on the rise.
Using the principles of the “hygiene hypothesis,” we can try to manipulate flora with antibiotics,
probiotics, and prebiotics  while awaiting the time when commensal bacterial molecules with diverse
immunomodulatory activities, such as PSac, become available for therapeutic use.
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