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Summary  

Porphyromonas gingivalis (P.gingivalis), an 

important periodontal pathogen in adult 

chronic periodontitis, has been reported to co-

localize in human atheromatous lesions.  We 

have studied the phagocytosis and survival of 

P.gingivalis in human monocytes, together with 

the cellular responses of infected human 

monocytes.  Human monocytes were co-

cultured with P.gingivalis and the external 

bacteria were killed with metronidazole and 

gentamycin.  Localization of P.gingivalis in 

cells was studied by transmission electron 

microscopy (TEM).  The survival of P. 

gingivalis was determined by lysing the 

monocytes and plating on blood agar under 

anaerobic conditions.  Interleukin-1 beta (IL-

1β) and tumor necrosis factor-alpha (TNF-α) 

were determined using specific enzyme-linked 

immunosorbent assays (ELISAs) kits.  The 

transwell chamber system was used to 

investigate the chemotactic response of the 

infected cells.  TEM showed that P.gingivalis 

organisms were localized within the 

autophagosome-like structure of monocytes. 

No significant difference on the survival of 

P.gingivalis at 0, 4 and 8 h after infection was 

found.  IL-1ββββ and TNF-αααα were present in the 

cell culture media in response to bacterial 

challenge.  The infected monocytes showed 

 

 

 

 

 

 

a normal chemotactic response to monocyte 

chemotactic protein-1 (MCP-1). The number of 

monocyte cells migrating through membrane 

in the presence and absence of P.gingivalis 

were 18.64±±±±2.33××××10
4 

cells and 19.11±±±±1.76××××10
4
 

cells respectively. The number of viable 

P.gingivalis per monocyte following 

translocation in response to the chemotactic 

gradient was 5.83±1.45××××10
-3

 CFU/cell.  The 

results indicate that P.gingivalis can stimulate 

cytokine production and survive in monocytes 

without affecting cell migration. (Asian Pac J 

Allergy Immunol 2010;28:192-9) 

Key words: monocyte;  Porphyromonas gingivalis;  
TEM;  IL-1β;  TNF-α; ELISA;  monocyte migration;  
MCP-1 
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Abbreviations: 

ATCC = American Type Culture Collection   

BHI = agar brain heart infusion agar   

CFU = colony forming unit   

ddH2O = double distilled water   

E. coli = Escherichia coli   

ELISAs = enzyme-linked immunosorbent assays   

FBS = fetal bovine serum   

IL-1β = interleukin-1 beta   

JEOL = Japan electron optics laboratory   

LPS = lipopolysaccharides   

MCP-1= monocyte chemotactic protein-1   

MOI = multiplicity of infection   

P.gingivalis = Porphyromonas gingivalis   

PB = phosphate buffer   

PBS = phosphate buffer saline   

PI 3-kinase = phosphatidylinosotol-3 kinase   

RPMI = Roswell Park Memorial Institute medium 

RT = room temperature   

RT-PCR = reverse transcription-polymerase 

chain reaction   

SD = standard deviation   

TEM = transmission electron microscopy   

TNF–α = tumor necrosis factor-alpha   
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Introduction 

Porphyromonas gingivalis (P.gingivalis), a 

gram-negative anaerobic bacterium, is an 

important periodontal pathogen in adult chronic 

periodontitis.
1
 In vitro, P.gingivalis has been 

reported to invade and survive in human oral cells 

including buccal epithelium cells
2
, oral epithelium 

cells
3
 and gingival epithelium cells

4
, as well as in 

human coronary artery cells.
5
  Intracellular 

invasion may be an important mechanism which 

allows them to evade the host immune system, 

phagocytic clearance in particular.  P.gingivalis 

infection specifically has been reported to be 

associated with increased atheroma formation and 

cardiovascular events.
6
  In addition, P.gingivalis 

can promote progression of atherosclerosis in a 

mouse model
7
 and coronary vessel disease in the 

pig.
8 

It is not known how P.gingivalis translocates 

from the periodontal pocket to the subendothelial 

lining of the major elastic arteries.  This tropism 

may be facilitated by bacteremic seeding, 

followed by direct adherence to and invasion into 

the intimal lining of the artery or alternatively, the 

bacteria may invade cells such as neutrophils or 

monocytes, which then actively transport the 

organism to the subendothelial space in a “piggy-

back” fashion.  

Monocytes play an important role in the 

human immune response against pathogens, such 

as phagocytosis, secretion of biologically active 

molecules and antigen presentation. Monocytes 

release many mediators including 

proinflammatory cytokines, e.g. Interleukin-1beta 

(IL-1β) and tumor necrosis factor-alpha (TNF-α).  

These cytokines have various biological activities 

for example, induction of prostaglandin E2 

secretion, stimulation of neutrophils, inhibition of 

bone formation, activation of the bone resorption 

process
9 

and promotion of atherosclerosis.
10

  In 

addition, circulating blood monocytes play an 

important role in the early formation of 

atherosclerosis by adhering to the vascular 

endothelium, becoming the dominant cellular 

infiltrate in the subendothelial compartment.  

When activated within the subendothelial space, 

monocytes differentiate into lipid-laden foam cells 

at the atherosclerotic lesion.
11

  P.gingivalis also 

induces the differentiation of monocytes into a 

foam cell phenotype by increasing the cell 

receptor density for oxidized low density 

lipoprotein particles.
12

  Many studies have shown 

that oral bacteria can enter the peripheral blood 

circulation of periodontal patients through 

flossing
13

, brushing
14

 or even eating.
15

  Therefore, 

we hypothesize that P.gingivalis can survive in 

the circulation by residing within monocytes 

which may carry the bacteria to the site of the 

atherosclerotic lesion, where they stimulate 

production of proinflammatory cytokines to 

facilitate monocytic adherence and subendothelial 

migration.  The objectives of this study were to 

investigate the ability of P.gingivalis to survive in 

monocytes and to study the chemotactic and 

translocation responses of phagocytic monocytes.  

Methods 

Bacterial culture  

P. gingivalis strain A7436 was isolated from a 

patient with refractory periodontitis (by S. 

Offenbacher) and characterized by the Center for 

Disease Control and Prevention, Department of 

Oral Biology, University of Buffalo, Buffalo, NY, 

USA.  The bacteria were grown on anaerobic 

blood agar (Oxoid, Basingstoke, Hamphire, UK) 

in an anaerobic chamber (Mitsubishi Gas 

Chemical, Chiyoda-yu, Tokyu, Japan) with an 

atmosphere of 10% CO2, 5% H2 and 85% N2 at 

37
°
C for 7 days.  Escherichia coli (E.coli) ATCC 

25922 (American Type Culture Collection, 

Rockville, MD, USA) was grown on Brain Heart 

Infusion agar (BHI agar) (Becton Dickinson, 

Sparks, MD, USA), incubated aerobically at 37
°
C 

for 24 h.  Prior to the experiment, the bacteria 

were suspended in RPMI (Roswell Park Memorial 

Institute medium) 1640 medium (Gibco, Grand 

Island, NY, USA) and the cell density was 

adjusted to the optical density of 0.1 at 660 nm (1 

x 10
8
 Colony forming unit/ml or CFU/ml) using a 

spectrophotometer (Milton Roy, Ivyland, PA, 

USA). 

Cell culture  

The human monocytic cell line designated as 

THP-1 was purchased from ATCC and was 

maintained in RPMI 1640 containing 10% heat 

inactivated fetal bovine serum (FBS) at 37
°
C in 

5% CO2.  The cell density of 1x10
6
 cells/ml was 

used in all experiments.     

Bacterial localization in THP-1 cell 

P. gingivalis A7436 cells were inoculated into 

the THP-1 cell suspension at a multiplicity of 

infection (MOI; the number of bacteria per a host 

cell) of 100 and incubated at 37
°
C in 5% CO2 for 

90 min, followed by centrifugation at 137×g for 

10 min at 4
°
C.  The cell pellets were then treated 
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with 300 µg/ml gentamicin and 200 µg/ml 

metronidazole, centrifuged, and incubated in 

RPMI 1640 containing 10% heat inactivated FBS 

at 37
°
C in 5% CO2 for 0, 4 and 8 h.  THP-1 cells 

were then prepared for transmission electron 

microscopy (TEM) (The Japan electron optics 

laboratory (JEOL), Akishima, Tokyo, Japan).  

Briefly, cells were fixed in phosphate buffer (PB) 

containing 4% glutaraldehyde at pH 7.4 for 30 

min at room temperature (RT), washed 3 times 

with PB, followed by fixing in 2% osmium 

teroxide for 45 min, washing and staining with 

2% uranyl acetate for 30 min at RT.  Specimens 

were dehydrated in a graded series of ethanol 

solutions (70%-100%), followed by propylene 

oxide twice, for 20 min each.  The cells were 

infiltrated with a mixture of propylene oxide and 

epoxy resin at the ratio of 1:1 at 37
°
C for 30 min 

and with the resin at 37
°
C for 2 h.  After being 

polymerized at 70
° 
C overnight, sections of 60-90 

nm were cut using an ultramicrotome.  The thin 

sections were collected and mounted on copper 

grids, stained with 5% uranyl acetate in 70% 

methanol, followed by lead citrate for 30 min 

each, and then examined by TEM.  For studying 

extracellular bacterial attachment, specimens were 

made from the infected THP-1 cells without 

antibiotics treatment.  Non-infected THP-1 cells 

treated with antibiotics were included as a control 

in all experiments.   

Survival of P.gingivalis in THP-1 cells 

The viability of intracellular P.gingivalis at 

MOI of 100 was determined by lysing THP-1 

cells with double distilled water (ddH2O), then 

plating on anaerobic blood agar, incubating under 

anaerobic conditions for 7 days. Each 

experimental condition was performed 

independently 9 times.  Infection of E.coli ATCC 

25922 to the THP-1 cell was performed in a 

similar manner and used as a control to confirm 

the phagocytic ability of THP-1.  The viability of 

THP-1 cells was monitored by staining with 

trypan blue. 

Inhibition of autophagosome formation 

 The numbers of intracellular P.gingivalis 

were quantitated at various times in the presence 

or the absence of the autophagosome inhibitor, 

wortmannin.  THP-1 cells were incubated in 

RPMI 1640 containing 10 nM wortmannin 

(Sigma) for 60 min at 37
°
C in 5% CO2, prior to 

addition of the bacteria.  The treated cells were 

further incubated for 90 min, centrifuged, and 

treated with the antibiotics.  After centrifugation, 

the cells were re-suspended in RPMI 1640 

containing 10% FBS and incubated at 37
°
C in 5% 

CO2 for 0, 4 and 8 h. At each time point, the 

survival of P.gingivalis in THP-1cells was then 

determined.  Each condition was performed 4 

times independently.   

Monocyte migration and survival of P.gingivalis 

in monocytes after migration 

The infected THP-1 cells, after treatment with 

antibiotics, were plated into the upper compartment of 

a transwell chamber (polycarbonate membrane, 6 

well size, pore size 8 µm, Costar Corporation, 

Cambridge, MA, USA).  Monocyte 

chemoattractant protein-1 (MCP-1) (Sigma) (10 

ng/ml) was added to the lower compartment of the 

transwell.  After incubation at 37
°
C in 5% CO2 for 

2 h, THP-1 cells in the lower compartment were 

counted in a hematocytometer under a phase 

contrast microscope.  The media was removed by 

centrifugation at 137×g for 10 min at 4
°
C.  THP-1 

cells were washed once with phosphate buffer 

saline (PBS), then lysed with sterile ddH2O and 

plated on anaerobic blood agar.  The plates were 

incubated under anaerobic condition for 7 days 

and bacterial colonies were counted.  Each 

experimental condition was performed 

independently 9 times.  THP-1 cells cultured in 

the media without MCP-1 were considered as a 

negative control, whereas the uninfected cells 

were used as a positive control. 

IL-1ββββ and TNF-αααα production after invasion of 

THP-1 cells by P.gingivalis.  

IL-1β and TNF-α production were determined 

using enzyme-linked immunosorbent assays 

(ELISAs) kits (R&D Systems, Minneapolis, 

Minn, USA).  Each experiment was performed 10 

times.  The media of uninfected cells were used as 

a negative control.  The positive control was 

performed in a similar manner to the experimental 

group, but without antibiotic treatment.  Results 

were expressed as picograms of IL-1β or TNF-α 

per milliliter of media. 

Statistical analysis 

Data were expressed as mean ± standard 

deviation (SD) and analyzed by one-way ANOVA 

and Kruskal-Wallis test using SPSS for Windows 

version 17 (SPSS, Chicago, IL, USA). A p-value 

< 0.05 was considered as statistically significance. 
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Results 

Bacterial localization in THP-1 cell 

At MOI of 1:100 and incubation time of 90 

min, P. gingivalis showed the maximum survival 

(data not shown) and the viability of THP-1 cells 

was >90%.  Therefore, the condition using MOI 

1:100 and incubation time 90 min was used for all 

subsequent studies.  Infected THP-1 cells showed 

typical and viable phenotypes, such as an irregular 

nucleus, euchromatin in the middle and 

heterochromatin along the periphery of the 

nucleus (Figure 1A.).  The nucleolus was also 

observed to be intact and eccentrically located in 

the nucleus (Figure 1A.).  Several organelles such 

as mitochondria, rough endoplasmic reticulum 

and ribosomes were clearly observed in the 

cytoplasm (Figure 1A.).  The cell surfaces of 

THP-1 cells also showed pseudopodia (Figure 

1A, 1B).  P.gingivalis appeared to aggregate and 

adhere at THP-1 cell surfaces (Figure 1A, 1B) 

with electron dense characteristic (Figure 1B).  

After treatment with the antibiotics, no 

P.gingivalis was observed outside the THP-1 cell, 

either associated with the plasma membrane or 

extracellularly. The bacteria were clearly visible 

within the cytoplasm and seemed to be localized 

within 2 areas, either closely surrounded by a thin 

membranous vacuole, with ground substances and 

rough endoplasmic reticulum (Figure 1C), or 

presented in a large vacuole near the cell surface 

(Figure 1D).  Further incubation in RPMI1640 for 

4 h, intracellular P.gingivalis was surrounded 

within a closed, thin membrane, with ground 

substances and rough endoplasmic reticulum 

(Figure 1E).  In this state, the bacteria could not 

be detected in vacuoles.  Other cellular organelles 

of THP-1 cells, such as mitochondria, rough 

endoplasmic reticulum, ribosome and nucleus 

appeared to be normal.  The phenotype of THP-1 

cells and intracellular P.gingivalis after 8 h further 

incubation were similar to that observed at 4 h 

incubation (Figure 1F). 

Survival of P.gingivalis in THP-1 

The survival efficiency of P.gingivalis after 

incubation for 0, 4 and 8 h were 112.22±20.48, 

122.22±25.87, and 114.44±15.09 (x10
2
 CFU per 

10
6
 THP-1 cells), respectively (Figure 2).  No 

significant difference in survival of intracellular 

P.gingivalis at different incubation times.  In 

contrast to E.coli, the colony forming units 

(CFUs) decreased  with longer time of incubation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The CFUs of E.coli after 0, 4 and 8 h incubation 

were 44.22±9.19, 3.33±3.46, and 0±0 CFU (x10
2
 

CFU per 10
6
 THP-1 cells), respectively.  These 

results indicate the survival capability of 

P.gingivalis THP-1 cells for at least 8 h in 

comparison to E.coli.  

 

 

Figure 1. Bacterial localization in the THP-1cells.  

After infection for 90 min, P.gingivalis (Pg) were 

detected at certain areas of the THP-1 cell 

membrane (Fig. 1A and 1B).  At this adhesion area, 

the cell membrane of the THP-1 was electron dense 

(ED) and showed pseudopodia (P) (Fig. 1B).  After 

infection and treatment of THP-1 cells with 

antibiotics, the bacteria were localized in two areas 

in the cytoplasm: one where the bacteria were 

surrounded by a thin membranous vacuole (M), 

cytoplasm, ground substance and rough 

endoplasmic reticulum (RER) (Fig. 1C), another 

where bacteria were present in a large vacuole (V) 

near the cell surface (Fig. 1D).  After antibiotics 

treatment and further incubation in RPMI1640 for 4 

h and 8 h, the bacteria were still present in the 

THP-1 cytoplasm.  The bacteria in this state were 

surrounded by a thin membranous vacuole, 

cytoplasm, ground substance and rough 

endoplasmic reticulum (Fig. 1E and 1F). 
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Inhibitor of autophagosome formation of THP-1 

cells  

The effect of the phosphatidylinosotol-3 kinase
 

(PI 3-kinase) inhibitor wortmannin, known to 

inhibit autophagosome formation, on the survival 

of P.gingivalis was also studied.  When THP-1 

cells were treated with wortmannin before 

infecting with P.gingivalis, CFUs after incubation 

for 0, 4 and 8 h were much reduced at 45.75±2.99, 

40.75±4.65, and 40.00±1.41 (x10
2
 CFU per 10

6
 

THP-1 cells), respectively (Table 1).  These 

indicated that the inhibition of autophagosome 

affected the survival of P.gingivalis.   

Monocyte migration 

The ability of THP-1 cells to migrate after 

bacterial infection was also studied using MCP-1 

as the chemo-attractant.  The mean number of 

infected THP-1 cells migrating was 

18.64±2.33x10
4
 cells, while that of uninfected 

THP-1 cells migrating was 19.11±1.76x10
4
 cells 

(Table 2).  These values are much greater than the 

number of cells migrating in the absence of MCP-

1 (1.25±0.57x10
4
 cells). There was no significant 

difference between the number of infected and 

non-infected THP-1 cells migrating in response to 

MCP-1.  In addition, the mean number of 

intracellular  P.gingivalis following the migration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

stimulated by MCP-1 was comparable to that in 

non-stimulated THP-1 with lower number of 

migration.  

Production of IL-1ββββ and TNF-αααα by THP-1 cells 

after infected by P.gingivalis 

As shown in Table 3, the normal level of 

secreted IL-1β protein from THP-1 cells was 

2.9±2.8 pg/ml.  THP-1 cells infected with 

P.gingivalis without antibiotics treatment showed 

significant production of IL-1β with a mean 

concentration of 186.4±6.6 pg/ml.  After 

antibiotic treatment, a comparable concentration 

of IL-1β was detected.   When the cells were 

further incubated for 24 h, the mean concentration 

of IL-1β was significantly increased to 

224.4±10.0 pg/ml.  

In the absence of P.gingivalis, the mean 

concentration of TNF-α produced by THP-1 was 

2.7±2.6 pg/ml.  The cytokine level was increased 

to 881.7±48.9 pg/ml, when cells were infected 

with P.gingivalis.  The similar level of 884.1±35.3 

pg/ml was found when the infected THP-1 cells 

were treated with the antibiotics.   TNF-α 

concentration was significantly reduced to 

215.9±34.1 pg/ml after further incubation in 

RPMI for 24 h as shown in Table 3.  
 

 

Figure 2. Numbers of colony forming units (x 10
2
 CFU per 10

6
 cells) of P.gingivalis and E. coli.  The 

CFU number was counted from colonies of P.gingivalis or E.coli on blood agar after bacteria were 

inoculated and incubated with THP-1 cells for 0, 4, 8 h.  The CFU of P.gingivalis in THP-1 cells did not 

differ significantly at different incubation times (P<0.05) (n=9).  In contrast to P. gingivalis, E. coli CFU 

differed significantly at different incubation times (P<0.05) (n=9).   
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Table 1.  Inhibition of autophagosome formation 

of THP-1 cells (n=4). Number of CFU of 

P.gingivalis within THP-1 cells following lysis of 

the THP-1 cells (n=4), with and without treatment 

with wortmannin; *, **, *** Significantly 

different when comparing treated and untreated 

groups at the same incubation time (P<0.05) 

(n=4). 
 

 

 

Incubation 

time 

(h) 

 

Treatment with 

wortmannin 

 (x 102 CFU per 106 cells) 

 (Mean±SD)  

 

Non-treatment 

 

(x 102 CFU per 106 cells) 

 (Mean±SD) 

 

0 

 

45.75±2.99* 

 

113.00±9.90 

 

4 

 

40.75±4.65 ** 

 

114.75±4.92 

 

8 

 

40.00±1.41*** 

 

115.25±8.77 

 

Discussion 

P. gingivalis is a major pathogen in adult 

periodontitis and reported to be associated with 

the atherosclerotic lesions.  One possible 

pathogenic mechanism for this association might 

include bacterial invasion, intracellular survival 

and translocation of circulating host cells.  

However, until now there is no report on the 

ability of P.gingivalis to survive in white blood 

cells, and in fact they are typically killed when 

phagocytosed by neutrophils in the presence or 

absence of serum
16

.  

In this study, we demonstrated the survival of 

P.gingivalis in THP-1 monocytes.  The optimal 

MOI for P.gingivalis was 100, a value similar to 

that found for other cells, such as gingival 

epithelial cells
4 

and human coronary artery cells
5
.  

The number of intracellular of bacteria was not 

increased at higher MOI of 500 and 1000.  It is 

possible that THP-1 cells may have specific 

surface receptors for P.gingivalis, and once these 

receptors are fully occupied by P.gingivalis, 

increasing number of infecting bacteria will not 

increase the number of intracellular bacteria.   

Similarly, optimum incubation time of 90 min is 

sufficient for the bacteria to bind and enter THP-1 

cells; increasing time will not increase the 

numbers of intracellular bacteria. The attachment 

and invasion of these bacteria may be initiated by 

attachment of P.gingivalis to THP-1 cell surfaces 

using specific fimbrillin.  Indeed, fimbriae of 

P.gingivalis are a well known virulence factor 

involved in the adhesion and trafficking process 

of these bacteria in many mammalian cell types, 

including epithelial cells
17

, endothelial cells
18

and 

dendritic cells.
19

 

TEM studies showed that P.gingivalis could 

invade THP-1 cells and appeared intact within the 

autophagosome-like structure of THP-1 cells.  

After 90-min incubation, some bacteria attached 

to the cell surfaces at the pseudopodia-like 

structures.  Interestingly, most extracellular 

bacteria appeared to concentrate and adhere at 

certain areas on the cell membrane.  This might be 

due to bacterial aggregation resulting in the 

engulfing of aggregated bacteria by the THP-1 

cell.  The electron density at the adhesion areas 

suggested the possibility that the THP-1 cell may 

have specific opsonic receptors for P.gingivalis in 

the certain regions of the cell membrane, similar 

to that observed in coronary artery cells.
5
  

Two forms of phagosomal structures were 

observed; first, a thin membranous vacuole, 

autophagosome-like structure, closely 

surrounding the intracellular bacteria, another 

form was large vacuoles near the cell surface with 

bacteria inside.  The bacteria were still present in 

autophagosome after antibiotics treatment and 

further incubation for up to 8 h.  When THP-1 

cells were treated with autophagosome inhibitor, 

wortmannin, intracellular P.gingivalis were 

significantly decreased when compared with the 

untreated THP-1 cells.  This suggests that 

autophagosome might be the survival site for 

P.gingivalis in THP-1 cells.
 

Table 2. Number of THP-1 cells in lower 
compartment of transwell and CFU of 
P.gingivalis per THP-1 cell following lysis of the 
THP-1 cells (n=9), with and without stimulation 
by MCP-1; * Significantly different when 
comparing positive control and experimental 
group (P<0.05) (n=9).  

 

 

Group 

Number of THP-1 

cells (×104) 

 (Mean±SD)  

CFU per THP-1 

cell (×10-3) 

(Mean±SD) 

Positive control 

(MCP-1 stimulated, 

non-infected THP-1) 

 

19.11±1.76 

 

0 

Negative control 

 (Un-stimulated, 

infected THP-1) 

 

1.25±0.57 * 

 

6.34±2.24 

Experimental 

(MCP-1 stimulated, 

infected THP-1) 

 

18.64±2.33 

 

5.83±1.45 
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Table 3. TNF-α and IL-1β production by THP-1 
cells after infection with P.gingivalis (n=10); * 
Significantly decreased when compared to 
infected cells and infected cells treated with 
antibiotics (P<0.05); ** Significantly increased 
when compared to infected cells and infected cells 
treated with antibiotics (P<0.05) (n=10). 

Treatment                     Mean ± SD  (pg/ml) 

    TNF-α                              IL-1β 

 

Non-infected cells 

 

2.7±2.6 

 

      2.9±2.8 

 

Infected cells 

 

881.7±48.9 

 

      186.4±6.6 

 

Infected cells and treated with 

antibiotics 

 

884.1±35.3 

 

      189.5±6.0 

Infected cells and treated with 

antibiotics and RPMI 

 

215.9±34.1* 

 

      224.4±10.0** 

 

The doubling time of P.gingivalis in media 

under strictly anaerobic condition was found to be 

about 4 h.  In human coronary artery cells, 

intracellular P.gingivalis increased 2.7 folds after 

5.5 h incubation.
20

  However in the present study, 

the number of P.gingivalis did not change up to 8 

h.  In contrast to E. coli, the bacteria were all 

killed after 8 h incubation. This suggested that 

P.gingivalis may have specific mechanism to 

escape from the killing process of THP-1 cells.  

Together with the TEM study, we believed that 

P.gingivalis can survive in monocytes within the 

autophagosome-like structures.  Whether the 

bacteria can replicate or not, required longer time 

of incubation.   The autophagocytic pathway is an 

important cellular pathway for the selective 

degradation of nonfunctional cellular organelles 

and proteins in order to maintain cell functions.
 21, 

22
  Normally, phagocytosed extracellular bacteria 

cannot traffic to the autophagosomes. However, 

P.gingivalis may have specific trafficking 

pathway to autophagosomes, which allows them 

to escape from the intracellular killing mechanism 

of the phago-lysosomes.  The use of 

autophagosomes as a survival site within the host 

cell is also found in Brucellar abortus
23 

and 

Legionella pneumophila.
24

  Other mechanisms for 

the survival of bacteria in autophagosomes 

involve the secretion of short peptides and 

proteins which can inhibit lysosomal enzymes.
20

  

The trafficking pathway to autophagosomes of 

P.gingivalis in THP-1 need to be elucidated.  This 

ability has also been reported in P.gingivalis-

infected endothelial cells.
20

 In other cells, 

including  gingival epithelium cells
4
, and human 

junctional epithelium cells.
25

  P.gingivalis was 

found to be free in the cytoplasm.  The finding of 

P.gingivalis within the endosomes in oral 

epithelial cells
3
, suggested another mechanism 

that the sulfatides synthesized by P.gingivalis 

may prevent the fusion of phagosome and 

lysosome in a similar manner to action of 

sulfatides
26

 or lipid phosphatase
27

 produced by 

Mycobacterium tuberculosis which is a 

macrophage-specific intracellular pathogen.  

Thus, P.gingivalis might have the specific 

survival mechanisms within particular host cells.   

Results from trans-membrane migration of 

infected THP-1 cells suggested that intracellular 

P.gingivalis did not affect the migration ability of 

THP-1 cells. In addition, MCP-1, a chemotactic 

cytokine inducing monocyte migration by 

activating PI 3-kinase
11

, is required in 

autophagosome formation.
28

 In the presence 

MCP-1, the number of survival P.gingivalis per 

cell was unchanged.  The migration and 

stimulation of monocytes with MCP-1 did not 

affect the survival ability of intracellular 

P.gingivalis.  

The monocytes have many important functions 

in host responses against bacterial infection, 

including secretion of cytokines such as TNF-α 

and IL-1β. Results from ELISA studies indicated 

that intracellular P.gingivalis could stimulate IL-

1β and TNF-α production of THP-1 cells, similar 

to the stimulation by extracellular bacteria
19

 and 

lipopolysaccharides (LPS).
29

  IL-1β and TNF-α 

mRNA expression were also detected in infected 

THP-1 cells by reverse transcription-polymerase 

chain reaction (RT-PCR) technique (data not 

shown), confirming the cytokine production 

results.  The mean concentration of IL-1β was 

significantly increased after stimulating THP-1 

cells with P.gingivalis, and followed by treatment 

with the antibiotics and further incubation for 24 

h.  On the other hand, the mean concentration of 

TNF-α produced by THP-1 cells after similar 

treatment was significantly decreased.  This may 

be due to the different characteristics of cell 

stimulation by IL-1β and TNF-α.  In addition, IL-

1β stimulated cells can be re-stimulated resulting 

in the up-regulation of IL-1β, while TNF-α 

stimulated cells cannot. These results supported 

the idea that IL-1β is a potent pro-inflammatory 

cytokine in humans, which continues to be 
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produced for a long period of time after 

stimulation.
9
 

Our study provides an explanation for the 

occurrence of atherosclerotic lesion by 

P.gingivalis, in which monocytes may be used as 

a vehicle for transporting P.gingivalis along the 

blood circulation to the adhesion sites.  The 

atherosclerotic lesion was progressed by 

stimulating the production of pro-inflammatory 

cytokines.  However, the study in animal models 

would be required to confirm the in vitro 

observations. 
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