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INTRODUCTION

Periodontal diseases (PD) are highly prevalent (50%) inflammatory oral
disease in the US. Porphyromonas gingivalis (Pg)1, an effective colonizer of oral
tissues is a red-complex bacterium highly associated with adult chronic
periodontitis. The major FimA and minor Mfa1 fimbriae facilitate invasion of host
epithelial, endothelial and dendritic cells (DCs) by P. gingivalis, enabling it to
evade host defense14 and in case of DCs, disseminate throughout the body.

Age-related Macular Degeneration (AMD) is a highly prevalent, chronic
inflammatory disease that imposes significant impact on public health, causing
irreversible central vision loss in the elderly2

. Accumulating evidence links oral
pathogens to cardiovascular and respiratory disease, neuro-degenerative
diseases such as Alzheimer’s and Parkinson’s disease, as well as arthritis, pre-
term birth, diabetes and stroke. Recent epidemiological evidence revealed a 2-
fold high risk of AMD in PD patients although the mechanisms are not recognized.
Moreover, the dissemination of oral microbes to the eye structure and their
interactions with the host that might contribute to the development of AMD is
yet to be investigated.

Previously, we discovered how Pg and its fimbrial-mutants invade and
survive in human DCs3, but, the ability of Pg or other oral microbes to invade
Retinal Pigment Epithelial (RPE) in eye have not been demonstrated. RPE is a
highly specialized metabolically active layer which continuously recycles the shed
photoreceptor cells and processes the metabolic wastes, thereby supporting the
photoreceptors and visual function. Therefore, our goal was to examine the
capability of periodontopathic pathogen Pg and its isogenic mutants to invade
the ARPE-19 cells.

CONCLUSION & FUTURE DIRECTIONS

HYPOTHESIS

The main purpose of this study was to examine our hypothesis that the
dysbiotic oral pathogen P. gingivalis and its isogenic mutants, is capable of
invading human retinal pigmented epithelial cells (ARPE-19) in vitro and
surviving within as an intracellular pathogen.

METHODS

RESULTS

Invasion and Survival of Porphyromonas 
gingivalis in Human ARPE-19 Cells

1Department of Periodontics
Dental College of Georgia, Augusta University, Augusta, GA  USA

J. Yuan1*, R. Swaminathan1, C. Cutler1 and  P. Arjunan1

This is the first study to demonstrate the invasion and internalization of Pg-
strains in RPE cells. We propose that invasion of RPE by Pg and its isogenic
mutants may prompt a causal role in AMD pathogenesis. Ongoing studies in our
laboratory will distinguish the mechanisms of this link.
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Figure 2: Live but not heat killed P. gingivalis invade Human Retinal
Pigment Epithelial (ARPE-19) cells.

Figure 3: Adhesive and invasive abilities of P. gingivalis strains in the ARPEs.

Figure 4: Primary interaction of P. gingivalis with ARPE cell membrane.

Human Retinal Pigment Epithelial (ARPE-19) cells, Porphyromonas gingivalis
and its mutant strains Culture: ARPE-19 cell lines were cultured and maintained in
DMEM/F12K complete growth medium as we described previously4. Porphyromonas
gingivalis 381 (Mfa1+/FimA+), isogenic major fimbria-deficient mutant Pg-DPG3
(Mfa1+/FimA-), and the isogenic minor fimbria-deficient mutant Pg-MFI (Mfa1-/FimA+),
were maintained anaerobically as we described3,5.

Immunofluorescence and Confocal Imaging Analysis: To determine the presence,
internalization, colocalization and persistence of intracellular bacteria, the ARPE-19
(1x104cells/well) cells were infected with live or heat-killed CFSE labeled Pg, MFI and
DPG3 for 24h at 10 MOI with triplicates. After fixing and permeabilizing, the cells were
blocked with 1X power block and incubated for 30min at room temperature. To visualize
cytoskeleton, cells were stained with rhodamine-phalloidin (F-actin) for 60min. After
washing with PBS twice, subsequently, the slides were mounted after staining with the
nuclear probe DAPI and the cells were examined by confocal microscopy. Images were
taken at different focal points (z-sections) for temporal-spatial visualization of bacteria.

Adhesion and Invasion Antibiotic Protection Assay: The adhesive and invasive ability
of Pg-strains in ARPE-19 cells were determined by antibiotic protection assay. Cells
(1×106 cells/well) were infected with Pg381, MFI and DPG3 at 10 MOI and incubated for
24 hours. For determining total adhesion and invasion levels of Pg strains, the cells were
washed thrice in PBS, re-suspended in sterile water on ice for 20min to lyse the cells,
with mechanical scraping and agitation to release the internalized bacteria.

For invasion assay, nonadherent bacteria were removed by washing thrice in PBS, and
external adherent bacteria were then killed by incubating for 1h with DMEM:F12 media
containing 300µg/ml of gentamicin and 200µg/ml of metronidazole, and the cells lysed.
Cell lysates were re-suspended in anaerobic broth for 3 days. After broth incubation,
bacterial suspensions were washed with PBS and re-suspended for spectrophotometer
reading at OD660 in triplicate. Viable counts (colony forming unit- CFU) were enumerated
based on a plate count serial dilution versus OD readings. For confirming the identity of
the P. gingivalis, suspensions were cultured on 5% blood agar plates in triplicate under
anaerobic conditions at 35℃ for 5 days until colonies were detected.

Scanning Electron Microscopy (SEM): ARPE-19 (1x105) cells were grown on cover-
glass in 24-well plates, incubated with Pg at 1 MOI for 1 hour, and bacteria attached to
ARPE cells were observed with SEM at the Electron Microscopy and Histology Core, AU.
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ARPE cells infected with CFSE-
labeled live Pg381 (B), MFI (C) and
DPG3 (D), showed numerous clearly
visible strains around the cell
membrane, nuclei and cytosol, but
not the heat-killed Pg381 (E). Red -
F-actin; Green - CFSE; Blue - DAPI.
(F) Quantification analysis show
significant invasion of Pg, MFI and
DPG3 compared to their respective
heat-killed bacteria (E) and
uninfected control (A). The analysis
of the intensity used Kruskal-Wallis
test of different groups and Dunn’s
test for multiple comparisons 3
different experiments. *P < 0.05;
**P < 0.01; ***P < 0.001. The error
bars indicate ± SEM (n= 3). Scale bar
20µm. F.I. – Fluorescent Intensity.

(A) Adherence of P. gingivalis
to ARPE cells examined by
scanning electron microscopy
(SEM). The primary
interaction of Pg with ARPE
cell membrane show that
Pg381 was able to engage the
cell surface, visualized by
SEM at 1-hour at 10 MOI.
Images 1, 2 and 3 (green
stains for Pg381 are
computer generated) shows
the high magnification of 4A.
Scale bar: A: 10µm; 1, 2 and
3: 2µm.

Antibiotic protection
assay confirmed the
invasion of Pg-strains and
survival in ARPE cells. (A)
The data represents CFU
within and on the surface
of ARPEs harvested from
triplicates before
antibiotic treatment. CFU
- Colony Forming Unit.

(B) Invasion efficiency of Pg strains were expressed as the percentage of the initial
inoculum recovered after antibiotic treatment. The means ±SD were analyzed by One-
way ANOVA of different groups and Dunn’s test for multiple group comparisons with
three different experiments (n = 3; * P < 0.05; ** P < 0.001; **** P < 0.0001).
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Figure 1. Schematic
representation for
adhesion and
intracellular survival of Pg
strains in ARPE-19 cells.
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