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The identification of master regulator for M-cell differentiation and
the evaluation of mucosal immune response in M-cell-deficient mice

Takashi Kanaya
RIKEN Center for Integrative Medical Sciences

The mucosal surface of the mammalian gut is continuously exposed to a variety of foreign pro-
teins and microorganisms, some of which are potentially harmful for the host. To protect from
these dangers, the intestinal mucosa has evolved specialized organized lymphoid tissues such as
Peyer’s patches (PPs), the inductive site for intestinal immunity. Because PPs lack afferent lym-
phatics, they directly sample intestinal luminal antigens across the epithelial barrier to initiate
immune responses. This task is accomplished by specialized epithelial cells within the follicle-
associated epithelium covering the lymphoid follicles of PPs known as M cells. M cells possess a
high capacity for transcytosis, which allows the rapid transport of antigens to underlying lymphoid
tissues and subsequent antigen-specific immune responses. Thus, M-cell-mediated antigen transport
is important for the initiation of mucosal immune responses; however, the mechanisms of M-cell
differentiation are poorly understood because of the rarity of these cells. Recently, exogenous treat-
ment of mice with receptor activator of NF-«B ligand (RANKL), which is one of tumor necrosis
factor superfamily cytokines, was identified as a strong inducible factor of ectopic M-cell differ-
entiation in the villous epithelium of small intestine. Therefore, we took advantages of RANKL
treatment to understand M-cell differentiation. Firstly, we examined the expression of multiple
M-cell markers (Marcksll, CCL9 and GP2) upon RANKL treatment, and found that M-cell mark-
ers exhibited distinct expression patterns. The localization of these M-cell markers in crypt-villus
axis after RANKL treatment indicates that Marcksll expression begins at an early stage of M-cell
differentiation, whereas expression of CCL9 and GP2 requires further maturation. On the basis
of these findings, we propose that in vivo RANKL treatment is a powerful experimental tool for
tracing the individual steps of M-cell differentiation. Next we attempted to identify M-cell lineage-
specific transcription factors expressed early in M-cell differentiation by examining whole gene
expression profile during RANKL administration. As a result, we identified that Spi-B, an Ets fam-
ily transcription factor, was highly upregulated shortly after RANKL treatment. Its expression was
clearly observed in the nuclei of GPZ2-positive M cells, indicating the substantial role of Spi-B in
M-cell differentiation. To determine the role of Spi-B in M-cell differentiation, we examined Spib’/’
mice. Spib'/ " mice lacked GP2-positive M cells, whereas Marcksll-expressing cells were remained in
Spib’/’ mice. Considering the expression of GP2 in mature M cells, Spib’/’ mice were hypothesized
to have defect in M-cell function. To assess this possibility, we investigated the transcytosis of
antigens in PPs of Spib’/’ mice by orally administrating Salmonella enterica serovar Typhimurium
(S. Typhimurium). As expected, we found that translocation of S. Typhimurium was markedly
decreased in PPs of sz’b’/’ mice compared with that of wild-type mice. Consistent with the defect
In transcytotic capability, S. Typhimurium-specific T-cell activation was severely impaired in sz'b'/ ’
mice. Taken together, we conclude that Spi-B is a master regulator of M-cell differentiation and
sz’b'/ " mice can be used for elucidating the physiological and pathological functions of M cells.





