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Abstract
This report describes the localization of Porphyromonas gingivalis in chronic inflammato-
ry tissues and explores the onset of infections originating from oral pathogenic biofilms.  
Specific DNA probes targeting all oral bacteria, including P. gingivalis, were designed.  
Bacterial localization in periapical granulation tissues of a patient with severe periodontitis 
was analyzed using fluorescence in situ hybridization.  P. gingivalis colonies were clearly 
distinguishable in tissue areas with dense bacterial colonies.  This is the report demon-
strating that oral pathogenic bacteria form colonies and proliferate in remote sites.
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Introduction

　The prevalence of metabolic syndrome has in-
creased worldwide and is a high-risk factor for 
chronic diseases, including cardiovascular dis-
ease, hypertension, type 2 diabetes mellitus, 
dyslipidemia, and cancer1, 2）.  Periodontal medi-
cine has gained increasing attention in dentistry, 
and several studies have reported on the rela-
tionship between periodontal disease and sys-
temic diseases3-5）.  Periodontal disease is the 
most frequently encountered infectious disease 
caused by periodontopathic bacteria.  According 
to previous research, biofilms in periodontal 
pockets contain unbalanced oral flora with a 

high proportion of Porphyromonas gingivalis6-8）.
　Periodontitis is thought to cause the ingres-
sion of periodontopathic bacteria and inflamma-
tory cytokines into the vascular plexus of the 
periodontal tissue, resulting in vascular endothe-
lium dysfunction and circulatory disturbance 
due to endotoxins （lipopolysaccharides） and 
low-density lipoprotein cholesterol.  Periodontal 
treatment, including the elimination of periodon-
topathic bacteria, nutritional control, and life-
style intervention are considered effective ap-
proaches to improve this condition and reduce 
the risk of infectious exacerbation7）.  However, 
owing to the absence of acute symptoms in per-
sistent chronic infections caused by odontogenic 
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bacteremia, the development of effective coun-
termeasures and the understanding of the dis-
ease process have been inadequate.  
　This report describes the localization of bacte-
rial biofilms and P. gingivalis in a patient with 
chronic inflammation of the periapical tissue.  
Histopathological and molecular biological tech-
niques, including fluorescence in situ hybridiza-
tion （FISH）, were used to investigate the colo-
nization and proliferation of bacterial biofilms 
and the localization of P. gingivalis in chronical-
ly inflamed tissues.

Case Report

　An 80-year-old man visited the corresponding 
authorʼs dental clinic and was diagnosed with 
severe periodontitis and chronic apical periodon-
titis.  The lower-right first molar was extracted, 
as local recovery was not expected.  The apical 
granulation tissue from the apex of the extract-
ed tooth was used as a sample for further study.

Tissue sampling

　Tooth extraction was performed with perios-
teal detachment under local anesthesia, and a 
mass of apical granulation tissue was carefully 
extracted to avoid destruction （Fig. 1）.  Tissue 
sections were prepared for FISH analysis ac-
cording to standard procedures, and hematoxy-
lin and eosin （H&E） staining and 4ʼ, 6-diamidino-
2-phenylindole （DAPI, a fluorescent agent 
which stains DNA） staining were performed.  

Probe design

　FISH probes, EUB338 and POG447, were used 
for the analysis.  EUB3389）, with the sequence 5ʼ- 
GCTGCCTCCCGTAGGAGT -3ʼ and labeled with 
Alexa Fluor 488, was designed to detect all oral 
bacteria by targeting the 16S rRNA sequence.  
POG447, with the sequence 5ʼ- CAATACTCG-
TATCGCCCGTTATTC -3ʼ and labeled with Alexa 
Fluor 555, is specific to the 16S rRNA sequence of 
P. gingivalis.

Fluorescence in situ hybridization

　First, 0.5μl each of the EUB338 and POG447 
probes were added to the prepared tissue sec-
tion samples.  After hybridization at 46 °C using 
a hybridization buffer （20％ formamide, 0.9 M 
NaCl, 20 mM Tris-HCL ［pH 7.2］, and 0.01％ so-
dium dodecyl sulfate）, tissue sections were 
washed with a solution of standard saline citrate 
that was diluted 4-fold at 46 °C.  
　Tissue samples were stained with DAPI and 
examined under 100× magnification using a fluo-
rescence microscope （Leica Microsystems Co, 
Ltd. Tokyo, Japan）.  The localization of P. gingi-
valis in biofilms outside the apical foramen was 
investigated.  FISH images were captured using 
a CW4000 FISH application program （Leica Mi-
crosystems Co., Ltd. Tokyo, Japan） equipped 
with a cooled charge-coupled device camera 
mounted on a Leica DMRA2 microscope.  

Results

　FISH analysis of the periapical granulation 
tissue with the probe EUB338 revealed green 
fluorescence in areas A, B, C, and D （Fig. 2）, 
due to local bacterial RNA hybridization with 
EUB338.
　The same tissue section stained with H&E 
and visualized under 100× magnification using 
a fluorescence microscope revealed a different 
image.  Epitherial cells and loose connective tis-
sue were not found in areas A, B, C, and D, 
while a large number of bacterial cells and a 
matrix-like structure were observed.  Moreover, 
H&E and DAPI staining of the section showed 
that the bacteria in these areas were embedded Fig. 1　Apical granulation tissue
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in human granulation tissue （Fig. 3）.
　A high density of bacteria was present in ar-
eas A, B, C, and D.  However, FISH analysis us-
ing the POG447 probe revealed a high density 
of red fluorescence due to hybridization with 
POG447 only in areas A and B of the tissue sec-
tion （Fig. 4）.  

Discussion

　Apical granulomas form bacterial foci due to 
the infection of the root canal.  Severe periodon-
titis causes the formation of bacterial foci due to 
the infection of the periodontal pockets.
　Although few cases of P. gingivalis detection in 
human tissue have been reported, some studies 
have described the direct detection of P. gingiva-
lis in a sample of vascular atheromatous tissue 
using polymerase chain reaction10, 11）.  However, it 
was unclear whether P. gingivalis was present in 
free-floating bacteria in blood, such as in bactere-
mia, or from colonies formed on the tissue.  Thus 
far, limited histochemical analyses have been 
available to analyze bacterial infection and coloni-
zation in tissues of infected foci.  
　The results of this study clearly show bacteri-
al colonies embedded in human fibrous connec-
tive tissue.  Surprisingly, the colony regions of P. 
gingivalis were distinct from those of other oral 
bacterial groups.  In general, a biofilm is formed 
by various bacteria randomly, but in an oxygen 
partial pressure and nutrient concentration-de-
pendent manner12）.  This case, however, shows a 

single bacteria-dominated colony in vivo.  
　Areas A and B displayed a red fluorescent 
signal due to hybridization with the P. gingivalis-
specific probe, POG447, indicating colonization 
of P. gingivalis.  Despite the existence of bacte-
rial RNA in areas C and D, no hybridization was 
observed with the POG447 probe, suggesting 
the existence of bacterial strains other than P. 
gingivalis.
　Areas A, B, and D, as seen from the H&E- 
and DAPI-stained tissue sections, were embed-
ded in human granulation tissues.  It appears 
that odontogenic bacteremia, caused by the in-
gression of oral bacteria into the blood vessels, 
led to the proliferation and colonization of the 
bacteria in these areas of the tissue.
　The findings of this study are clinically signifi-

Fig. 2　 Hybridization of the probe targeting all oral 
bacteria, labeled with Alexa Fluor 488

Fig. 3　 Bacterial biofilm in a radicular cyst, stained with 
H&E

Fig. 4　 Hybridization of the probe targeting P. gingivalis, 
labeled with Alexa Fluor 555
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cant, as they clearly demonstrate the coloniza-
tion and proliferation of oral bacteria embedded 
in human fibrous connective tissue using a histo-
logical technique.  For chronic apical periodonti-
tis involving stable periods and acute attacks, 
more aggressive treatment may be suitable even 
if the inflammation is low-grade, considering the 
formation of bacterial colonies in the inflammato-
ry granulation tissue.  The results suggest that 
a small amount of inflammatory gran u la tion tis-
sue might be the source of pathogenic bacteria 
proliferating in distant organs.
　The strength of this study design is that the 
FISH method visually identified the location of 
pathogenic bacteria in infected tissues and re-
vealed the differential colonization among differ-
ent bacteria in human tissues.  Although this re-
port demonstrated one case targeting P. 
gingivalis, we will continue to investigate the 
status of pathogenic bacteria in more clinical 
cases and make the best use of the results in the 
selection of intervention methods.
　Our findings suggest that oral pathogenic 
bacteria causing oral infections not only cause 
transient odontogenic bacteremia and chronic 
inflammation, but also lead to the development 
of systemic diseases through the formation of 
oral pathogenic biofilms.
　Oral hygiene, a measure of local diseases in 
the oral cavity, thus plays an important role in 
preventing the onset and aggravation of sys-
temic diseases.
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