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Elucidation of the mechanism of the effect of periodontal disease on low birth
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Abstract

Periodontal disease has been recognized as a risk factor for adverse pregnancy outcomes, including low birth weight
and preterm birth. However, the precise mechanisms underlying this association remain unclear. One proposed
mechanism is that periodontal pathogenic bacteria translocate into the bloodstream, reach the placenta, and directly
exert detrimental effects. Moreover, substantial interspecies differences in placental structure and function limit the
translational relevance of animal models for elucidating these mechanisms. In this study, we evaluated the effects of
Porphyromonas gingivalis, a major periodontal pathogen, on human placental cells using human trophoblast stem (TS)
cell-derived placental organoids. In 2-dimensional cultures, exposure to P. gingivalis suppressed TS cell proliferation
in a dose-dependent manner. This effect was abolished by heat inactivation of the bacteria, implicating heat-labile
protein factors. In 3-dimensional placental organoids, P. gingivalis exposure caused significant disruption of the outer
syncytiotrophoblast (ST) barrier layer and loss of microvilli. Using gingipain-deficient mutants and specific inhibitors,
we identified arginine-specific gingipains (Rgp) as the primary drivers of this ST damage. Furthermore, a FimA-
fimbriae deficient mutant exhibited reduced toxicity, implicating that bacterial adhesion via fimbriae facilitates the
damage. These findings suggest that P. gingivalis translocation to the placenta can directly impair placental villous
tissue through proteolytic degradation, potentially contributing to adverse birth outcomes. Our study underscores the

utility of human placental organoids for investigating pathogen-placenta interactions.



