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The periodontal pathogen Porphyromonas gingivalis
exits from gingival epithelial cells via recycling pathways

Hiroki Takeuchi®

Atsuo Amano”®

(PR 26 7 A 22 AZAT)

Introduction

Periodontitis is one of the most common infectious
diseases in humans, which leads to eventual tooth
exfoliation”. Porphyromonas gingivalis is a Gram-
negative black pigmented anaerobe and reported to be
strongly associated with severe periodontal diseases®.
In the subgingival area, gingival epithelial cells are
colonized by a diverse and abundant microbiota and
prevent intrusion by periodontal bacteria. However, P,
gingivalis can enter and persist in gingival epithelial
cells”. In this study, by monitoring two regulators of
recycling endosomes, we were able to illustrate that
intracellular P gingivalis can exit form gingival

epithelial cells via recycling pathways.

Endocytic compartments co-localized
with intracellular P. gingivalis

Endosomes are membrane-bounded compartments
in eukaryotic cells. The recycling endosome is organ-
elle that is specialized for transporting several mole-
cules back to the plasma membrane. To trace the
pathways from entry to exit of intracellular P gingi-
valis, we first examined the intracellular localization of
P gingivalis in immortalized human gingival epithelial
cells (IHGECs). After internalization, P gingivalis was
localized early endosomes positive for FYVE domain of

EEAl (an early endosome marker; Figure 1A). We

observed that some bacteria were transported to
recycling endosomes positive for RabllA (recycling
endosome markers; Figure 1B) and others were
transported to lytic compartments (lysosomes/autoly-
sosomes) with time. In addition, we observed that RalA

(a mediator of GTP-dependent exocytosis; Figure 1C)
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Fig. 1. Co-localization of intracellular P. gingivalis with
endocytic compartments.

THGECs expressing EGFP-2XFYVE (A; green), mCherry-

RabllA (B; red), or mCherry-RalA (C; red) were infected

with P gingivalis (blue). IHGECs were fixed, stained with

DAPI, and analyzed using confocal microscopy. Bars, 5 um.

*  Department of Preventive Dentistry, Osaka University Graduate School of Dentistry
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also co-localized with intracellular P gingivalis.

Involvement of Rab11A and RalA
in P. gingivalis exit

To investigate the functions of Rabl11A and RalA,
we next introduced siRNAs for Rabl1A and RalA into
gingival epithelial cells. We observed that knockdown
of RabllA and RalA significantly decreased P gingi-
valis exit and increased the intracellular viable

bacteria (Figure 2A and 2B). RalA was shown to
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Fig. 2. Exit of intracellular P. gingivalis to extracellular
milieu.

Effects of siRabl1A (A), siRalA (B), or latrunculin A (C)

on intracellular or extracellular P gingivalis organisms

were determined at 6 h after infection with colony

formation assay. *p<0.05, n=3, Dunnett test (A and B),

two-tailed ¢ test (C).

affect the actin-cytoskeletal rearrangements‘“. We
hypothesized, therefore, that actin polymerization
would be involved in P gingivalis exit. To test this
possibility, we performed inhibitor assays with latrun-
culin A (an inhibitor for actin polymerization). We
observed that latruculin A significantly decreased P
gingivalis exit and increased the viable bacteria in
IHGECs (Figure 2C).

Conclusion

In this study, we showed that P gingivalis can exit
from gingival epithelial cells via recycling pathways, at
least regulated by Rabl1A, RalA and actin-cytoskeletal
rearrangements (Figure 3). An unexpected finding was
that intracellular P gingivalis were sorted to the
different organelles within the same cells, namely
recycling endosomes and lytic compartments (lyso-
somes/autolysosomes). We still do not know what
factors of bacteria and host cells can affect transporta-
tion into different destinations. Nevertheless, the
finding is an important step for understanding the

etiology of periodontitis.
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Fig. 3. Proposed model of P. gingivalis trafficking in
human gingival epithelial cells.
P gingivalis are initially localized within early endosomes

Gingival epithelial cell

after entry. Some bacteria are routed to Ilysosomes/
autophagosomes, and other bacteria are able to escape
from endosomes to recycling pathways, which may enable
further penetration of host tissues in a transcellular
manner.
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