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A fine balance: the complex interplay between host
and microbes in inflammatory bowel disease
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Inflammatory bowel disease (IBD) is one of the most
common chronic inflammatory disorders, with millions of
people suffering from this debilitating condition [1]. It is
characterized by perturbed intestinal barrier function and
an infiltration of immune cells beyond the intestinal wall
[2]. It is responsible for high levels of morbidity in the
form of recurrent bouts of abdominal pain and diarrhea,
and an increased risk of severe complications such as colon
cancer and fistula [2]. The prevalence of this disorder
has increased over the past decade, and this trend has
been predicted to continue worldwide [1,3]. However, the
etiology of IBD is multifactorial, encompassing genetic,
immunological, and environmental components, which
has made pinning down causes and designing treatments
especially difficult. An environmental component that
particularly complicates this equation is the microbiota.

The human gastrointestinal tract is colonized by trillions
of microbes, outnumbering our own cells and forming a
complex community that we refer to as the gut microbiota.
The colon is particularly densely populated, containing
over 100 billion microbes per gram and supporting
hundreds of different bacterial species [4]. Together,
these organisms are able to influence many aspects
of host physiology, for example metabolizing nutrients,
modulating the immune system, and maintaining the
integrity of the gut mucosal barrier. Generally the
microbiota interacts symbiotically with the host to
maintain a homeostatic state in the gut, and in a healthy
adult the microbiota is generally stable and robust to
perturbation [5]. However, major shifts in the gut
microbiota have been shown to play a significant role in
a number of diseases, one of the most prominent being
IBD.

In the case of IBD, these alterations are commonly
associated with an initial environmental stimulus that
triggers inflammation and a shift in the gut microbiota. In
healthy individuals, the immune system balances on a knife
edge: it dampens the inflammatory response to beneficial
resident microbes, while remaining poised to respond to
external insults. These insults can include antibiotics,
drugs, diet, toxins, and microbial pathogens all of which
can be risk factors for the development of IBD [6]. Any

one or a combination of these factors can trigger activation
of the immune system, transiently provoking inflammation
and disruption of the epithelial barrier. In healthy
individuals, the resident microbes aid in the maintenance
of this homeostasis, exerting a protective effect against
development of colitis. This is done through the induction
of anti-inflammatory factors; even a limited selection of
Clostridia strains from the human gut microbiota has been
shown to be able to induce the production of regulatory
T (Treg) cells, interleukin-10 (IL-10), and transforming
growth factor beta 1 (TGF-β1) [7]. In a proportion of
individuals, however, the inflammation engendered by the
transient stimulus persists, leading to the development of
chronic IBD. This maladaptive response is associated with
profound and sustained modifications to the microbiota,
and a disruption of the symbiotic relationship between host
immune system and gut microbes.

The progression of disease is accompanied by the
dominance of microbial groups not usually prevalent in
the healthy gut. Changes in microbiota composition
vary on an individual basis, but usually include a
significant increase in abundance of members of the
Enterobacteriaceae and Fusobacteriaceae families [8].
This is commonly accompanied by a corresponding
decrease in abundance of Clostridia, Bifidobacteriaceae,
Ruminococcaceae, and Faecalibacterium, as well as an
overall loss of bacterial species diversity [8]. This
set of bacteria tends to induce a tolerogenic immune
response and mediate anti-inflammatory activity [9].
Ultimately what these alterations boil down to is a
shift in the microbiota, favouring microbes that thrive
under conditions of inflammation, and serve to further
activate the immune response. This leads to a vicious
cycle of interactions between the gut microbiota and
the host, where inflammation drives a shift in the
prevalence of microbes, which triggers more inflammation
and further promotes the growth of inflammation-inducing
microbes. Consequently, the question becomes: how can
we break this cycle? A number of approaches have been
used to treat IBD, including 5-aminosalicylate (5-ASA)
agents, corticosteroids, immunomodulators, and surgical
intervention, but none have proven curative or even



27  

Volume 9, 2018Health Science Inquiry

Main Submissions: Nature

consistently efficacious [8]. Newer treatments involving
prebiotics, probiotics, and fecal microbiota transfer have
also met with inconsistent success. All of these treatments
are complicated by the dramatic variation in microbiota
composition and genetics between individuals, making it
difficult to even define a ‘healthy’ versus a ‘diseased’
microbiota [10]. The severity and increasing prevalence
of IBD highlights the need for further study to understand
the key contribution of the microbiota in the progression
of this disease. The current treatment outcomes indicate
a need to take into consideration the interaction of the gut
microbiota with host genetic and immunological factors on
an individual basis to shed light on this question.
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