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Adult periodontitis is a chronic
inflammatory disease that is caused by a mix
infection of bacteria (1). The severity of the
disease is based both on the specific organisms
isolated from infected sites, as well as the
immune status of the host. Porphyromonas
gingivalis (P. gingivalis) which has been
implicated as a major etiological agent in the
development of adult periodontitis is a highly
invasive pathogen. P. gingivalis adhere to host
cells by its surface structures such as fimbriae.
Several studies have shown the role of P.
gingivalis fimbriae in mediating adherence to
host cells (17-19); P. gingivalis fimA insertional
mutant (DPG3) has also been shown to loss its
adhesiveness and invasiveness to oral epithelia
cells or endothelial cells (10,15). In addition, We
have recently shown that fimbriae stimulate the
expression of inflammatory cytokine expression
in endothelial cells (21). These studies strongly
suggested that fimbriae play a crucia role in P.
gingivalis interaction with host cells.

Periodontal diseases have recently been
associated with cardiovascular disease and
preterm delivery of low birth weight infants (10,
11-13). Transcriptional activity of endothelial



cells following infection with P. gingivalis has
been reported. Induction of various molecules
with immunological activity including cell
adhesion molecules and inflammatory cytokines
such as IL-8 and MCP-1, have been observed
(21,22). These findings are consistent with arole
of P. gingivalis in the pathogenesis of
atherosclerosis. These reports, however, focus
only on a smal number of genes encoding
immunoregulatory proteins that may represent a
small subset of inducible genes that are activated
in endothelial cells following infection with P.
gingivalis.

Microarray technology is now readily
available and alows characterization of the
MRNA levels for a large number of genes
simultaneously, thus providing a useful tool to
identify broad spectrum changes in gene
expression in cellsin response to a given stimulus
(23-25). The present study use oligonucleotide
microarrays to analyze mRNA expression for a
large number of genes in human aortic
endothelial cells (HAEC) following infection
with P. gingivalis. In addition, we will utilize P.
gingivalis fimA mutant to study the effects of P.
gingivalis fimbriae or P. gingivalis invasion on
the gene expression status of infected HAEC.

Keywords: Porphyromonas gingivalis, fimbriae,
microarray, RNase Protection Assay.

Adult periodontitis is a bacterially induced
chronic inflammatory disease that leads to
inflammation of the gingiva, destruction of the
periodontal tissues and, in severe cases, loss of
aveolar bone with eventua loss of teeth (1).
The severity of the disease is based both on the
specific organisms isolated from infected sites,
as well as the immune status of the host. The
host response to periodontopathic organisms
plays a mgjor role in the outcome of periodontal
diseases.

Porphyromonas gingivalis (P. gingivalis)
has been implicated as a mgjor etiological agent
in the development of adult periodontitis due to
its strong clinical correlation (1) and its ability
to induce disease in primates(3). P. g is a highly
adapted pathogen, which is armed with a
number of putative virulence factors that
enables this organism to cause disease. Among
such virulence factors are fimbriae, a
polysacharide  capsule, lipopolysaccharide,

hemagglutinating activities, outer membrane
vesicles, and numerous enzymes (4-5).

P. gingivalis has been shown to advance into
deeper epithelia layers in vivo (6-7), a process
that could play arole in the spray of the organism.
P. gingivalis has also been shown to bind and
invade primary gingival epithelia cells, and
multilayered pocket epithelial cellsin vitro (8-10).
Furthermore, Lamont et al. (8,9) have confirmed
the ability of P. gingivalis to replicate withinKB
cells and within primary gingival epithelia cells.

Many epidemiological studies have strongly
demonstrated the association of periodontal
diseases with atherosclerosis and coronary heart
disease (10, 11-13). Pathological studies have
aso identified P. gingivalis in diseased
atherosclerotic tissue by PCR. In addition, P.
gingivalis infection of apoE mice has been
demonstrated to increase the mean area and the
extent of atherosclerotic lesions histologically
relative to those in unifected animals (14).

The ability of P. gingivalisto advance into
deeper epithelia layers (6,7) could play arole in
the systemic spread of the organism. The
connective tissues of the periodontium are
extremely well vascularized (2), allowing the
invading microorganisms to readily enter the
bloodstream. Thus, in addition to invasion of
epithelial cells, the ability of P. gingivalis to
actively invade endothelial cells could represent
an additional mechanism evolved by this
pathogen to evade the host response. Recent
report by Genco et al. had showed the ability of P.
gingivalis to invade and replicating in endothelial
cells (15), indicating that this pathogen has the
capability of localizing to the vascular wall (15,
16). Endothelial cells, among other vascular wall
cells, may serve as reservoirs of P. gingivalis and
P. gingivalis components and as contributors to
immune stimulation during P. gingivalis infection.
It has been proposed that P. gingivalisinvasion of
endothelial cells may induce alterations in the
endothelia cells that could exhibit artherogenic
properties (15, 16). However, it is not clear how
active invasion of endothelia cells by P.
gingivalis modulates the gene expression of
endothelial cells. In this study, we used P.
gingivalis 381 and its corresponding insertional
mutant in the fimA gene (P. gingivalis DPG3) to
infect HAEC, then anadyze the altered gene
expression in these infected HAEC by the
GeneChip® Human Genome U95A (Affymetrix
Inc.). The GeneChip® Human Genome U95A
contains al full-length genes. This array



represents more than 12000 sequences previously
characterized in terms of function or disease
association. To further confirm the data obtained
from oligonucleotide microarrays, we will choose
several interesting genes that are significantly
expressed in P. gingivalisinfected HAEC by
RT-PCR

Microarray Analysis of P. gingivalis 381
infected HAEC

The transcriptional response of the human
aortic endothelial cells to P. gingivalis 381
invasion was examined by hybridization of
microarrays with biotin-labeled cRNA samples
from uninfected HAEC or HAEC infected with P.
gingivalis 381 for 1 hr or 6 hr. RNA message
levels of 12633 genes were anayzed by
HG-U95Av2 GeneChips (Affymetrix). P.
gingivalis had been shown to adhere and invade
into epithelia cells and endothelial cells over a
period of 0-2 h . The intralcdlular P. gingivalis
381 remain viable and may replicate inside the
cells. Therefore, the relative transcript profiles
were compared in a time-course experiment in
which HAEC cells either briefly exposed to P.
gingivalis 381 (1h) or incubated with bacteria for
6h. Since we were interested in defining the
response of HAEC to extracellular P. gingivalis
381, for 6 hr incubation studies, extracellular P.
gingivalis were washed following a 1h
incubation period and the culture incubated for
an additional 5h.

We observed the expression of 5591 and
5209 genesin unifected HAEC as assessing at 1h
and 6 h, respectivey. In P. gingivalis
381-infected HAEC a 6 h, we observed the
upregulation of 69 genes which have at least 2
folds higher expression as compared to in
uninfected HAEC, where 15 genes were induced
from undetectable levels and 54 genes were
upregulated when compared to uninfected HAEC.
In P. gingivalis 381-infected HAEC at 1 h,
upregulation of 13 genes was identified, where 1
gene were induced from undetectable levels and
12 genes were upregulated when compared to
uninfected HAEC. From the data, we found the
majority of genes expressed by HAEC under
these experimental conditions were not affected
by P. gingivalis infection, indicating that the
endothelial cell mRNA response to P. gingivalis
381 infection was relatively narrow and specific.

Contribution of bacterial invasion to changes
of HAEC gene expression
Since the adherence and invasion of P.

gingivalis to endothelial cells depends on the
expression of fimbriae, the transcript profiles in
HAEC were compared from HAEC that were
incubated with either wild-type or a major
fimbriae knock-out mutant of P. gingivalis 381.
This dlowed us to determine if any of the
differentially regulated genes identified in the
time-couse experiment were the result of specific
endothelial cell interactions with the P.
gingivalis 381 major fimbriae. We identified 54
genes that had a 2-fold or greater increased
expression in HAEC infected with wild-type P.
gingivalis 381 when compared to those exposed
to fimA mutant. Among these 54 genes, 26 genes
were induced from undetectable level and 28
genes were upregulated when compared to
fimA-infected HAEC. Only 4 genes had a 2-fold
or greater increased expression in HAEC
infected with wild-type P. gingivalis 381 aso in
HAEC infected with fimA mutant when
compared to uninfected HAEC.

Confirmation of results obtained with
Hu95av2 arrays by RT-PCR.

To confirm the data obtained using the
human arrays and to further investigate the
kinetics of the mRNA expression profiles for
selected genes of interest, we choose a panel of

inflammatory  genes  representing  various
chemokines whose expression levels were

increased in P. gingivalisiinfected HAEC. The
MRNA expression levels of these selected genes
were then analyzed by RT-PCR at various time
points after P. gingivalis infection ranging from
0 to 24h. RNA samples from infected and
uninfected HAEC were harvested and
processed in paralel under identical conditions
for each time point. As shown in Fig. 1 for the
genes chosen for further anaysis, RT-PCR

confirmed the data obtained using the
microarrays.
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Figure 1. RT-PCR analysis of subsets of

inflammatory gene expresson in HAEC in
response to P. gingivalis infection. P. gingivalis

381 (wt) or a fimA mutant were added to HAEC
culturesat aMOI of 100:1, incubated at 37°C for 1 h,
then culture supernatant were removed. After cells
were washed 3 times with PBS, cells were incubatede
in fresh culture media at 37°C for additiona 5h, 23h.
When total incubation period reached 6, 24h after P.
gingivalis infection. HAEC were harvested and total
RNA was extracted for mRNA expression analysis
using RT-PCR. Control cultures were incubated with
culture media only.
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