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Short chain fatty acid-induced apoptosis modulates immunoresponse ; Role
of cell-cell communication in inhibiting butyric acid-induced T-cell apoptosis.
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Recently, it was reported that periodontal disease patients became sick with asteriosclerosis,
cardiac infarction and pneumonia at high rates on the basis of extensive examination in the
United States. Furthermore, it was proved that periodontal disease was related to premature
birth, birth of a low weight of newborn and diabetes. These phenomena suggest that
periodontpathic bacteria that cause periodontal disease, local chronic disease, could be not only
a source of focus infection, but also holding resources of inflamed materials. The mechanism of
periodontal disease was very complicated and falling illness and its progress is related to the
immunological imbalance.

It is recognized that periodontal diseases are infectious and that periodontal tissue breakdown results
from the interaction of specific anaerobic bacteria , namely, Porphyromonas, Prevotella, and

Fusobacterium spp., and host immune mechanisms. These bacteria produce and elaborate variety of
virulence factors such as proteases, LPS, and fimbriae. The respective metabolisms of the bacteria are
also characterized by the production of an identifiable fingerprint of short-chain fatty acids (SCFA),
which are magjor by-products of anaerobic metabolism. Our study demonstrated that SCFA, especially
butyric acid (BA), present in the culture filtrates of Porphyromonas gingivalis, Prevotella loescheii, and

Fusobacterium nucleatum, greatly inhibit T- and B-cell proliferation and cytokine production. On the

basis of our results showing that from 13.3 to 26.8 mM of BA was detected in culture filtrates from these
bacteria, along with a previous study showing that BA concentrations in subgingival plague from
periodontitis sites could reach 14.4 mM. Other reports reveded that SCFA is a causative agent in
gingival inflammation. BA is aso known released by colonic bacteria and administrated therapeutically
in inflammatory bowel diseases, and exertsimmunomodulatory properties.
We reported that butyric acid induce apoptosis in murine thymocytes, splenic T cells, human Jurkat T
cells and human peripheral blood T cells. To determine the apoptotic signaling pathway induced by
BA, we investigated the contribution of reactive oxygen species (ROS), mitochondria, ceramide and
mitogen-activated protein kinases in BA-induced human Jurkat cell apoptosis. Our results indicate that
BA-induced T cell apoptosis is mediated by ceramide production, ROS synthesis in mitochondria, and
JINK activation in the mitogen-activated protein kinase cascade.

We previously demonstrated that human gingival fibroblasts (Gin 1 cells, HGF) rescue BA-induced
T-cell apoptosis via the proinflammatory cytokines such as IL-6 and IL-11, which were produced in



fibroblasts stimulated with BA. In this study, we assessed whether the T cell adhesion to HGF regulates
the susceptibility of T cells to BA-induced apoptosis. The number of Jurkat cells adhered to HGF was
significantly increased by addition of BA. All Jurkat cells adhered to Gin-1 cells were live célls in
contrast to non-adhered cells drop into apoptosis. The increase in T cell adhesion to fibroblasts was also
observed when Jurkat cells but not Gin 1 cells were pretreated with butyric acid. CD44, very late antigen
(VLA-2, CD49b) and VLA-5 (CD49e) but not leukocyte function-associated antigen 1 (LFA-1) and
VLA-4 expressions on Jurkat cells were increased by BA-treatment. Furthermore, pretreatment of
BA-sensitized Jurkat cells with monoclonal antibodies against CD44, VLA-2 and VLA-5 but not LFA-1
and VLA-4 followed by co-culture with Gin-1 cells attenuated T-cell adhesion to fibroblasts. These
results suggest that the T-cell adherence to fibraoblasts is facilitated by BA, and that BA-induced T-cell
apoptosis is down-regulated by the adhesion to HGF through the interaction with the adhesion molecule
such as CD44, VLA-2 and VLA-5, expressed on T cells stimulated with BA.

BA is a causative agent in gingival inflammation and may exert immunomodulation through T- and
B-cell apoptosisin gingival tissue. However, T-cell adherence to fibroblasts is enhanced by BA and that
BA-induced T-cell apoptosis is down-regulated by T-cell adhesion to HGFs through an interaction with
the adhesion molecules CD44, VAL-2, and VAL-5 expressed on T cells stimulated with BA. Fibroblasts
rescue BA-induced T-cell apoptosis at the inflammatory sites of anaerobic-bacterial infection in mucous
membrane.
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Fibroblasts rescue butyric acid-induced T cell apoptosis
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