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The role of gut microbiota in the development and
function of intestinal T cells

Koji Atarashi
RIKEN Center for Integrative Medical Sciences

The intestinal mucosa is constantly exposed to a large number of commensal bacteria and chal-
lenged by pathogens. Consequently, the intestinal immune system must maintain the delicate bal-
ance between immune tolerance to commensals and protective immune responses to pathogens.
There is growing evidence that gut microbiota is required for the generation of the appropriate
gut immune system. However, little is known about the role of individual bacterial species. We
addressed this issue using gnotobiotic mice, in which only certain known strains of bacteria are
present.

Thl7 cells are a subset of T helper cells known to play a key role in host defense against
extracellular bacteria and fungi. Thl7 cells are exclusively present in the small intestinal lamina
propria (SILP) of SPF mice. Gut microbiota is crucial for the development of Thl7 cells, because
germ-free (GF) mice lack Thl7 cells in the SILP. To identify the bacterial species that induce
Thl7 cells, we generated gnotobiotic mice by colonizing GF mice with several sets of mouse
indigenous bacterial species, such as Bacteroides spp. Clostridium spp. or segmented filamentous
bacteria (SFB). SFB colonization induced robust accumulation of Thl7 cells in the SILP, but other
species had little effect on Thl7 cell induction. We therefore conclude that SFB is a member of
gut microbiota that specifically induce the accumulation of Thl7 cells in the SILP. We next exam-
ined the effect of colonization with SFB on oral infection with Citrobacter rodentium, an intesti-
nal pathogen related to human enteropathogenic Escherichia coli (EPEC). The presence of SFB
restricted the growth and invasive capacity of C. rodentium. These data indicate that SFB play
an Important role in host defense in the intestine by enhancing gut immune system.

Regulatory T (Treg) cells are essential for maintaining immune tolerance and immune homeosta-
sis. Treg cells are present at higher frequencies in the intestine, particularly in the colon, than in
other organs. To assess whether intestinal Treg cells are induced by gut microbiota, we analyzed
GF mice and antibiotic-treated SPF mice. A significant decrease in the number of Treg cells was
observed only in the colonic LP of GF mice or antibiotic-treated mice compared with SPF mice.
Furthermore, we found a marked increase in colonic Treg numbers by colonization of GF mice
with a mixture of 46 Clostridium strains isolated from the feces of conventional mice. These
Clostridium strains belong to clusters IV and XIVa. To extend the clinical relevance, we tried
to identify Treg-inducing bacterial strains derived from human feces. Similar to mouse indigenous
bacteria, 17 strains of bacteria belonging to Clostridium cluster IV, XIVa and XVIII displayed a
potent capacity to induce colonic Treg cells. Finally, we assessed the potential benefits of Treg-
inducing bacterial strains. The mixture of 17 strains were orally administered into SPF mice every
2 or 3 days for 3 weeks and then we subjected mice to TNBS-induced colitis and OV A-induced
allergic diarrhea. The mice treated with 17 strains showed less severe colitis and diarrhea com-
pared with control mice.



