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Background and Objective: The purpose of this study was to investigate the

influence of serum on the interaction of periodontal pathogens with epithelial cells

using an epithelial cell line (KB cells). This is important because serum is a key

component of gingival crevicular fluid and may influence inflammatory responses

in epithelial cells exposed to periodontal pathogens.

Material and Methods: Porphyromonas gingivalis ATCC 33277 and Aggregatib-

acter actinomycetemcomitans Y4 were co-cultured with KB cells either with or

without the addition of up to 10% human serum or 50 mg/mL human serum

albumin. The numbers of free-floating, adherent and intracellular bacteria were

determined up to 18 h after exposure of the epithelial cells to the pathogens.

Additionally, the concentrations of interleukin (IL)-6 and IL-8 produced by the

epithelial cells in response to exposure to the bacteria were determined.

Results: Serum and human serum albumin reduced the number of internalized

A. actinomycetemcomitans Y4 organisms in the epithelial cells, increased the levels

of IL-6 and IL-8 in the supernatants of infected cells (those with internalized

A. actinomycetemcomitans) and influenced non-infected epithelial cells. Increased

IL-6 and IL-8 concentrations were also detected in the supernatants of KB cells

infected with P. gingivalis ATCC 33277. Interleukin-6 and IL-8 were detectable

after addition of serum, probably as a result of inhibition of the activity of

P. gingivalis cysteine proteinases by serum.

Conclusion: Serum promotes the release of the cytokines IL-6 and IL-8 by

epithelial cells. This mechanism is influenced by periodontal pathogens and may

maintain clinical periodontal inflammation.
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Oral and gingival epithelial cells act

as a barrier to prevent microbes from

invading the periodontal tissues. It is

now accepted that epithelial cells form

an integral part of the innate immune

system and play an active role in

inflammatory responses (1). Epithelial

cells are the major source of inter-

leukin (IL)-8 (2), which can be

detected in gingival crevicular fluid (3)

and periodontal tissue biopsies (4).

Interleukin-8 is considered one of the

most important mediators for accu-

mulation of neutrophils (5–7). Perio-

dontitis patients have a higher level of

IL-6 within gingival crevicular fluid

(8). Interleukin-6 plays an important

role in regulating the immune re-

sponse to periodontal pathogens and

is notably responsible for the differ-

entiation of activated B cells into

immunoglobulin-secreting plasma cells

(9) as well as contributing to osteocl-

astogenesis (10).

Periodontal pathogens such as Por-

phyromonas gingivalis and Aggregati-

bacter actinomycetemcomitans can

modulate the secretion of these proin-

flammatory cytokines (11,12). A. ac-

tinomycetemcomitans may induce the

expression of the proinflammatory

chemokine IL-8 by epithelial cells (13).

Porphyromonas gingivalis is an asac-

charolytic anaerobe with a high level of

proteolytic activity, and produces

arginine- and lysine-specific cysteine

proteases referred to as gingipains

(14,15), which are considered the most

important virulence factors for this

organism. Proteases of P. gingivalis

degrade expressed IL-8 (16). In addi-

tion, both A. actinomycetemcomitans

and P. gingivalis are able to adhere to

and invade primary and transformed

epithelial cells (5,6,17–20).

In vitro experiments which study the

interaction of P. gingivalis and A. ac-

tinomycetemcomitans with epithelial

cells normally use a starved cultivation

of cells with a limited amount of serum.

Nevertheless, gingival crevicular fluid

contains up to 35% of the albumin

found in human serum (21), so serum

may influence the inflammatory res-

ponses in the periodontal tissues, par-

ticularly since gingival crevicular fluid

flow increases as a result of inflamma-

tion (22).

The purpose of this study was to

investigate the influence of serum and

its main protein constituent, human

serum albumin (HSA), on interactions

of the periodontal pathogens P. gingi-

valis and A. actinomycetemcomitans

with KB cells, an epithelial cell line. We

studied the effects of serum and HSA

on the numbers of adherent bacteria

and internalized bacteria and the pro-

duction of IL-6 and IL-8 by the epi-

thelial cells.

Material and methods

The bacterial strains P. gingivalis

ATCC 33277 and A. actinomycetem-

comitans Y4 were investigated in this

study. The strains were subcultivated

on Schaedler agar enriched with 10%

sheep blood and vitamin K for 16 h,

harvested, washed twice with phos-

phate-buffered saline (PBS; Braun,

Melsungen, Germany) and resus-

pended in medium 199 (Gibco Life

Technologies Ltd, Paisley, UK) to an

optical density of 0.1 at 660 nm, which

is equivalent to 108 bacteria/mL. Un-

less indicated otherwise, P. gingivalis

ATCC 33277 was cultured anaerobi-

cally, while A. actinomycetemcomitans

Y4 was cultured with 5% CO2.

The KB cells (epithelial cell line,

HeLa derivative, ATCC CCL 17) were

seeded into two 24-well tissue culture

plates at a density of � 105 cells per

well. The cells were grown to a just

confluent monolayer in cell cultivation

medium (EMEM; BioWhitacker, Ver-

viers, Belgium) enriched with 10% fetal

calf serum (Gibco Life Technologies

Ltd). Then the cells were washed twice

with PBS.

Human serum and HSA were pur-

chased from Sigma (Sigma-Aldrich,

Taufkirchen, Germany). Serum was

used at concentrations of 1, 5 and 10%

by volume. Human serum albumin was

used at concentrations of 25 and

50 mg/mL. The concentrations repo-

rted previously in serum and gingival

crevicular fluid were about 50 and

0–16 mg/mL, respectively (21).

Adhesion and invasion

An adhesion and invasion standard

procedure was used, similar to meth-

ods previously described for P. gingi-

valis and/or A. actinomycetemcomitans

(19,20,23–25). The bacterial suspension

in medium 199 was mixed with EMEM

and serum or HSA and each well

was inoculated with 1 mL of this final

suspension (about 20 bacteria per KB

cell). Bacteria were co-cultured with

KB cells at 37�C for 1, 6 and 18 h in

air containing 5% CO2. Medium 199

without bacteria served as a control for

non-infected KB cells.

After co-cultivation of bacteria with

KB cells for 1, 6 and 18 h, 750 lL of

the bacterial suspension above the

KB cells was carefully removed, mixed

by pipetting, and 20 lL were subculti-

vated to determine the number (colony

forming units) of free-floating bacteria.

Then, the remaining suspension was

centrifuged at 14,000 g for 10 min and

the supernatants stored at )80�C until

ELISA analysis of IL-6 and IL-8 con-

centrations.

Meanwhile, the epithelial monolay-

ers were washed five times with PBS.

The numbers of adherent and inter-

nalized P. gingivalis ATCC 33277 cells

as well as A. actinomycetemcomitans

Y4 cells were counted as colony form-

ing units (cfu) from half of the wells

after cell lysis. Cell cultivation medium

(EMEM) supplemented with 10 lg/mL

metronidazole was added to the

P. gingivalis ATCC 33277 plate and

10 lg/mL gentamicin to the A. actino-

mycetemcomitans Y4 plate for 1.5 h to

kill the extracellular adherent bacteria.

In preliminary experiments, this anti-

biotic concentration and time of

exposure had been proven to be suffi-

cient to kill 99% of extracellular but

not intracellular bacteria. After wash-

ing three times with PBS, the numbers

of internalized bacteria were deter-

mined by cell lysis and subsequent

cultivation. The number of adherent

bacteria was calculated as the differ-

ence between the number of adherent

plus internalized bacteria and the

number of internalized bacteria.

Effect of serum on survival of
bacteria without exposure to
epithelial cells

To ascertain whether serum (via com-

plement) affected the viability of the
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bacterial strains, the numbers of col-

ony forming units were determined

after exposure to native and heat-

inactivated serum. In a microtitre

plate, mixtures of bacterial suspension

(optical density at 640 nm = 0.1),

EMEM and serum at the same con-

centrations that were used previously,

diluted in PBS at a ratio 1:8:1 were

pipetted into the wells. The serum had

a final concentration of 1, 5 and 10%,

and was either native serum or serum

in which the complement had been

inactivated at 56�C for 30 min. After

incubation times of 1, 6 and 18 h with

5% CO2 in air, the numbers of colony

forming units were determined by

subsequent cultivation on Schaedler

agar plates (P. gingivalis ATCC 33277

anaerobically, A. actinomycetemcomi-

tans with 5% CO2 in air).

Cytokine assays

The concentrations of the cytokines

IL-6 and IL-8 in supernatants of KB

cells were determined using commer-

cially available ELISA kits as descri-

bed in the manufacturer�s instructions

(BioSource�; Invitrogen Corp., Carls-

bad, CA, USA). The lowest detection

level of the interleukin in each kit was

�2 pg/mL.

Extraction of RNA and RT-PCR

To further assess the impact of the

experimental conditions on IL-6 and

IL-8 production, PCR was undertaken

to investigate the production of IL-6

and IL-8 mRNA. Therefore, mRNA

was extracted for RT-PCR analysis

from KB cells that had been exposed to

5 and 10% serum or 25 and 50 mg/mL

has, as well as to A. actinomycetem-

comitans Y4 or P. gingivalis ATCC

33277 each without and with 5% serum

or 25 mg/mL HSA for 1.5 and 6 h.

Total RNA from approximately 2 ·
106 KB cells was purified using an

RNeasy kit (Quiagen GmbH, Hilden,

Germany), and cDNA was synthesized

from 1 lg of total RNA using the

Omniscript kit according to the manu-

facturer�s instructions (BioSource�;

Invitrogen Corp.). Oligonucleotide

primers were used at a final concentra-

tion of 5 nmol. The oligonucleotide

primers were as follows: IL-6 (10) 5¢-
AGC TCAGCT ATGAAC TCC TTC

TC-3¢ (forward), 5¢-GTC TCC TCA

TTG AAT CCA GAT TGG-3¢ (re-

verse); IL-8 (26) 5¢-CTT GGC AGC

CTT CCT GAT TT-3¢ (forward), 5¢-
CAGCCCTCTTCAAAAACTTC-3¢
(reverse); and b-actin (27) 5¢-ATTGCC

GAC AGG ATG CAG AA-3¢ (for-

ward), 5¢-GCT GAT CCA CAT CTG

CTG GAA-3¢. The b-actin served as a

control to ensure equal loading of cells.

The PCR amplification was carried

out in a reaction volume of 25 lL,
consisting of 2.5 lL cDNA and

22.5 lL of reaction mixture containing

2.5 lL 10· PCR buffer, 2.75 mM

MgCl2, 0.2 mM nucleotides, 0.5 lM of

each primer, 10)4 SybrGreen, 1 U Taq

polymerase (Fermantes Life Science, St

Leon-Rot, Germany). The cycling

conditions comprised an initial dena-

turation step at 95�C for 5 min, fol-

lowed by 35 cycles at 95�C for 15 s, at

55�C for 20 s and at 72�C for 20 s. The

specificity of the amplification was

always assayed with the use of melting

curves. Amplification, detection and

data analysis were performed with the

Rotorgene 2000 cycler system (Corbett

Research, Sydney, NSW, Australia).

Determination of amidolytic activity

To validate the influence of gingipains

on the measured IL-6 and IL-8 levels

after exposure of the KB cells to

P. gingivalis ATCC 33277, the argi-

nine- and lysine-specific amidolytic

activities of that strain were assayed at

37�C with 0.5 mM N-a-benzoyl-DL-

arginine-p-nitroanilide (Sigma-Aldrich,

Taufkirchen, Germany) or N-tosyl-

glycyl-L-prolyl-L-lysine 4-nitroanilide

acetate salt in 1.0 mM of 0.2 mL of

0.2 M Tris–HCl, 0.1 M NaCl, 5 mM

CaCl2 and 10 mM cysteine, pH 7.6

(27). For this purpose, serum at a final

concentration of 10% was added to the

bacterial suspension of this strain for

1 h at 37�C.

Statistical analysis

All experiments were performed at least

in triplicate. Comparisons between test

and control conditions were performed

using Student�s unpaired t test.

Results

Effect of human serum and human
serum albumin on survival of
bacteria

Without contact with KB cells, serum

(both native and heat inactivated) did

not influence the number of viable

A. actinomycetemcomitans Y4. Fur-

thermore, after 18 h the addition of

serum promoted the survival of

P. gingivalis ATCC 33277. Approxi-

mately 10 times more (1 log step)

P. gingivalis bacteria were counted

after addition of 2.5–10% inactivated

serum or 10% native serum compared

with control cultures, and when using

native serum, a concentration-depen-

dent effect was evident (Fig. 1).

The percentages of the free-floating

viable bacteria in the KB cell assays

decreased continuously over time

(P. gingivalisATCC 33277, 70% at 1 h,

40% at 6 h and 20% at 18 h after

infection; and A. actinomycetemcomi-

tans Y4, 55% at 1 h, 20% at 6 h and

10% at 18 h after infection). However,

there was no influence of serum on the

numbers of either A. actinomycetem-

comitans Y4 or P. gingivalis ATCC

33277 (data not shown). The absolute

number of adherent A. actinomyce-

temcomitans was enhanced by supple-

mentation with 2.5% serum and 5%

serum after 6 h. However, addition of

serum significantly reduced the number

of internalized bacteria in a concentra-

tion-dependent manner. When the cells

were exposed to P. gingivalis ATCC

33277, all concentrations of serum in-

creased the numbers of adherent bac-

teria compared with serum-free control

cultures. Supplementation with 10%

serum reduced the numbers of invasive

P. gingivalis ATCC 33277 cells after 1

and 6 h of exposure; in addition, 5%

serum showed the same effect after 6 h.

The results of adherent and invasive

bacteria after 1, 6 and 18 h co-cultiva-

tion with KB cells and exposure to

serum are presented in Fig. 2.

Given that the most remarkable

differences using serum were obtained

after 6 h, only this time was chosen

in experiments with HSA. The

numbers of adherent and internal-

ized P. gingivalis ATCC 33277 and

Influence of serum on interaction of bacteria with cells 231



A. actinomycetemcomitans Y4 cells

decreased with increasing concentra-

tions of human serum albumin. The

effect was similar for both bacterial

strains, in that the numbers of adher-

ent viable bacteria were reduced by

about 0.85 log steps and those of the

internalized bacteria by about 0.50 log

steps (Fig. 3).

Detection of IL-6 and IL-8

In general after 1 h, very low levels of

IL-6 and IL-8 were detectable. The

highest levels of IL-6 in the cell cultures

were found 6 h after addition of serum,

and then decreased at 18 h.

Addition of serum dramatically

enhanced the release of IL-6 from

non-infected cells. Thus, after addi-

tion of 5% serum, IL-6 levels in the

supernatants above the KB cells were

72.6 ± 35 pg/mL, compared with

1.8 ± 2 pg/mL when serum was not

added. A. actinomycetemcomitans Y4

also induced the release of IL-6 from

KB cells. Supplementation with 10%

serum enhanced the levels of IL-6 in

the supernatants; nevertheless, the IL-

6 concentration after addition of ser-

um was higher from non-infected cells

compared with those stimulated with

A. actinomycetemcomitans. In general,

almost no IL-6 was detectable in the

supernatants from P. gingivalis-

infected KB cells. In these cells,

addition of serum led to a concen-

tration-dependent increase of the

measurable IL-6, the concentration

being about one-third that of the

non-infected cells after addition of

10% serum (Fig. 4).

Interleukin-8 was released from non-

infected KB cells (337 ± 138 pg/mL

after 18 h). This release was incre-

ased by A. actinomycetemcomitans Y4

(502 ± 52 pg/mL after 18 h), but in

contrast, after infection with P. gingi-

valis ATCC 33277, no IL-8 was

detectable. In all experiments, how-

ever, whether using non-infected cells

or cells infected with one of the peri-

odontal pathogens, serum enhanced

the concentration of IL-8 in the

supernatants compared with the

serum-free environment. The concen-

tration was up to 828 ± 108 pg/mL

when considering the non-infected cells

and up to 758 ± 98 pg/mL in the

KB cells infected with A. actinomyce-

temcomitans Y4. The highest value

after infection with P. gingivalis ATCC

33277 was 264 ± 86 pg/mL (10%

serum, 6 h after infection; Fig. 4).

To ascertain whether the increased

levels of IL-6 and IL-8 after infection

with P. gingivalis ATCC 33277 and

addition of serum resulted from an

inhibitory effect of serum on activity of

gingipains, the effect of serum on spe-

cific amidolytic activity was tested.

Pre-incubation of P. gingivalis ATCC

33277 with 10% serum for 1 h reduced

the arginine-specific amidolytic activity

to 20% and the lysine-specific amido-

lytic activity to 39%.

Addition of human serum albumin

led to a concentration-dependent in-

crease in the levels of both IL-6 and IL-

8 from non-infected cells and from cells

treated with one of the bacterial

strains. A clear influence of any of the

two used bacterial strains was not seen

after addition of human serum albu-

min (Fig. 5).

Interleukin-6 and IL-8 mRNA
expression of KB cells

Before a protein (e.g. IL-6 or IL-8) is

released into the environment, mRNA

is transcripted from DNA. Expression

of IL-6 and IL-8mRNA inKB cells was

about 10-fold higher after addition of 5

and 10% of human serum. In contrast,

HSA only slightly (not significantly)
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increased the mRNA IL-8 expression

1.5 h after infection (Fig. 6).

The mRNA expression was in-

creased 10-fold 1.5 h after infection of

KB cells with A. actinomycetemcomi-

tans Y4. The addition of 5% serum led

to a 100-fold increase in comparison

with control cultures and to a 10-fold

increase when compared with the

strain without addition of serum.

Human serum albumin did not further

change the elevated level of mRNA

expression after A. actinomycetem-

comitans Y4 infection (Fig. 6).

After infection with P. gingivalis

ATCC 33277 without other stimulus,

the highest expression of IL-6 and IL-8

mRNA (both nearly 200-fold compared

with control cultures) was measured.

Serum in combinationwithP. gingivalis

ATCC 33277 enhanced the mRNA

expression of both cytokines 1.5 h after

stimulation, and 6 h after stimulation
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Fig. 2. Influence of serum on the numbers of adherent and invasive Aggregatibacter actinomycetemcomitans Y4 and Porphyromonas gingivalis

ATCC 33277 cells 1, 6 and 18 h after co-cultivation with KB cells. Serum increased the number of adherent A. actinomycetemcomitans Y4
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the mRNA expression levels were still

higher than the control values but

less than with the bacterial strain

alone. Human serum albumin (25 mg)

together with P. gingivalis ATCC

33277 increased the levels of expres-

sion compared with the non-infected

control cells but not to the cells only

infected with the P. gingivalis strain

(Fig. 6).

Discussion

The periodontal epithelium is the first

barrier that is encountered by perio-

dontal pathogens. Epithelial cells
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respond to these bacteria by producing

cytokines that initiate inflammation

(28). The gingival epithelium is also

exposed to gingival crevicular fluid,

which contains many components de-

rived from serum (29). In this study, we

investigated the influence of human

serum and albumin on interactions of

P. gingivalis ATCC 33277 and A. ac-

tinomycetemcomitans with KB cells, an

epithelial cell line, which is an estab-

lished model that has been used to

investigate adherence and internaliza-

tion of oral pathogens (19,20,30–32).

Data regarding the level of different

proteins in gingival crevicular fluid are

rare. By using strip methodology,

Curtis et al. (33) determined that there

is up to 46 lg/lL protein in perio-

dontally healthy subjects. The major

protein component of gingival crevic-

ular fluid is HSA, followed by haemo-

globin and immunoglobulins (34). The

levels of proteins in gingival crevicular

fluid have been reported to be generally

lower than those in serum, and the

concentrations did not correlate with

the flow rate or the pocket depth (21).

In serum, a low serum albumin con-

centration may be a risk predictor of

periodontal disease progression among

elderly non-smokers (35).

Without any contact with KB cells,

serum did not influence the survival of

A. actinomycetemcomitans Y4. How-

ever, serum increased the numbers of

viable P. gingivalis ATCC 33277 cells.

This is to be expected because P. gin-

givalis ATCC 33277 is able to degrade

serum albumin as a nutrient source

(36,37). Any clear influence of com-

plement in killing of the strains used

was not evident. Our results confirm

those of others who reported no sen-

sitivity amongst Porphyromonas strains

(38) and A. actinomycetemcomitans

(39).

There are few, if any, previously

published data regarding any influence

of serum or HSA on adhesion to and

invasion of epithelial cells by perio-

dontal pathogens. In our study,

adherence of A. actinomycetemcomi-

tans Y4 and P. gingivalis ATCC 33277

to the epithelial cells was slightly

enhanced by serum, but not by HSA.

This suggests that components of ser-

um attached to the epithelial layer

serve as bacterial receptors or activate

receptors. Furthermore, our results

showed an inhibitory effect of serum

on invasion by periodontal pathogens

into KB cells that might be associated

with HSA. Interaction of bacterial

fimbria with serum albumin, promot-

ing adhesion and invasion, has been

described for Escherichia coli (40) and

Legionella pneumophila (41), but this

mechanism does not appear to be a

major component of binding of

P. gingivalis fimbriae with saliva-

coated hydroxyapatite (42) or of

A. actinomycetemcomitans with epi-

thelial cells (43). It can only be specu-

lated that HSA attaches to receptors

essential for invasion by the bacteria.

Lamont et al. (44) described an inhi-

bition of invasion of the ATCC 33277

strain of P. gingivalis into primary

epithelial cells by serum.

Here, serum promoted the expres-

sion and release of IL-6 and IL-8.

Human serum albumin was chosen for

the experiments because it is the main

protein in serum. Albumin is a strong

stimulus for IL-8 expression in proxi-

mal tubular epithelial cells (45,46), and

the rapid and intense induction of IL-8

caused by albumin was postulated as a

reason for influx of inflammatory cells
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Fig. 5. Influence of human serum albumin (HSA) on the release of IL-6 and IL-8 from non-

infected KB cells (control) and from KB cells infected with Aggregatibacter actinomyce-

temcomitans Y4 or Porphyromonas gingivalis ATCC 33277 after an incubation time of 6 h.

Human serum albumin increased the level of IL-6 and IL-8 in the supernatants of the KB

cells (*p < 0.05, **p < 0.01, each compared with the level of the cytokine without addition
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into the tissues (45). Furthermore, in-

creased serum albumin is related to

changes in IL-6 release in patients

receiving chronic dialysis therapy (47).

Further support for serum albumin-

induced interleukin release was pro-

vided by experiments with human

adipocytes, which demonstrated in-

creased secretion of IL-6, IL-8, IL-10

and tumour necrosis factor-a in the

presence of serum albumin (48). These

findings are confirmed by our obser-

vation that KB cells released IL-6 and

IL-8 after exposure to HSA in a dose-

dependent manner. In contrast, a

stimulatory effect of serum albumin on

mRNA expression was not shown.

Maybe, mRNA expression occurs very

rapidly, at a time point that was not

measured. Taken together, the results

indicate that albumin is not the only

stimulating component in serum.

As previously described, infection

with most P. gingivalis strains increases

proinflammatory cytokine mRNA

expression (49,50). However, without

any addition of serum or HSA we did

not measure IL-6 and IL-8 in the

supernatants of KB cells infected with

P. gingivalis ATCC 33277. Most bac-

terial strains retain gingipains on the

cell surface (51). These enzymes, when

associated with bacterial outer mem-

brane blebs, instantly degrade IL-8

(16,52). Furthermore, IL-6 is rapidly

and efficiently cleaved by Arg- and

especially Lys-gingipains (15). An

influence of lipopolysaccharide (LPS),

normally a stimulant of cytokine

expression, can be excluded because

LPS does not react with gingival epi-

thelial cells and KB cells (32). After

addition of serum, IL-6 and IL-8 were

detectable at a comparable low level.

Soluble CD14 is present in serum and

can transmit the response of LPS to

cells (32). Furthermore, the suggestion

of an inhibition of cysteine proteolytic

activity by serum was confirmed by a

decreased amidolytic activity of the

strain P. gingivalis ATCC 33277 after

addition of serum. Serum may interfere

with gingipains, and the proteolytic

activity of Lys-gingipain on the soluble

receptor of IL-6 is abrogated by serum

(54). Otherwise, A. actinomycetem-

comitans may play an important role in

amplifying the local immune response

and initiating inflammatory reactions

through release of IL-8 from gingival

epithelial cells (28). Outer membrane

protein 100 of A. actinomycetemcomi-

tans Y4 induces IL-8 mRNA expres-

sion and, to a lesser extent, IL-6 mRNA

expression. Interleukin-6 is also essen-

tial for adhesion and invasion of that

strain (55). In our experiments, after

infection with A. actinomycetemcomi-

tans Y4, a 220-fold increase of IL-6

mRNA expression and a 15-fold

increase of IL-8 mRNA expression

were observed in comparison with non-

infected cells. The mRNA expression

was augmented by serum. A role for

HSA in this process is not very clear as

underlined in our experiments. Another

possible molecule may be soluble

CD14, which promotes the release of

IL-8 from epithelial cells (56). Fur-

thermore, it was shown that serum

or A. actinomycetemcomitans augmen-

ted the release of proinflammatory
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experiment). A combination of serum (5%) and A. actinomycetemcomitans Y4 resulted in

maximal upregulation of IL-6 and IL-8 mRNA expression (*p < 0.05, **p < 0.01, each
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cytokines, but the level was below that

of non-infected cells, which indicates

that there are also some interactions of

components of serum with A. actino-

mycetemcomitans Y4 which may be

inhibitory.

To conclude, we identified that ser-

um stimulates the release of the cyto-

kines IL-6 and IL-8 by epithelial cells

and influences the interaction of

periodontal pathogens with host cells.

This might contribute to inflammation

of the periodontium. This finding is

important and confirms that the influ-

ence of serum on interactions between

periodontal bacteria and epithelial cells

should not be neglected in in vitro

assays.
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20. Eick S, Rödel J, Einax J, Pfister W.

Interaction of Porphyromonas gingivalis

with KB cells – comparison of different

clinical isolates. Oral Microbiol Immunol

2002;17:201–208.

21. Tew JG, Marshall D, Burmeister JA,

Ranney RR. Relationship between gingi-

val crevicular fluid and serum antibody

titres in young adults with generalized and

localized periodontitis. Infect Immun

1985;49:487–493.

22. Kunimatsu K, Mine N, Muraoka Y et al.

Identification and possible function of

cathesin G in gingival crevicular fluid

from chronic adult periodontitis patients

and from experimental gingivitis. J Perio-

dont Res 1995;30:51–57.

23. Njoroge T, Genco RJ, Sojar H, Hamada

N, Genco CA. A role for fimbriae in

Porphyromonas gingivalis invasion of oral

cells. Infect Immun 1997;65:1980–1984.

24. Meyer DH, Rose J, Lippmann J, Fives-

Taylor PM. Microtubles are associated

with intracellular movement and spread of

the periodontopathogen Actinobacillus

actinomycetemcomitans. Infect Immun

1999;67:6518–6525.

25. Eick S, Pfister W. Efficacy of antibiotics

against periodontopathogenic bacteria

within epithelial cells: an in vitro study.

J Periodontol 2004;75:1327–1334.

26. Fernandez-Botran R, Vetvicka V. Analy-

sis of cytokine or cytokine receptor

mRNA. In: Fernandez-Botran R, Vet-

vicka V, ed. Advanced methods in cellular

immunology. Boca Raton, FL: CRC Press,

2000:101–114.

27. Xue ML, Zhu H, Thakur A, Willcox M.

1-alpha,25-Dihydroxyvitamin D3 inhibits

pro-inflammatory cytokine and chemo-

kine expression in human corneal epithe-

lial cells colonized with Pseudomonas

aeruginosa. Immunol Cell Biol 2002;80:

340–345.

28. Uchida Y, Shiba H, Komatsuzawa H

et al. Expression of IL-1 beta and IL-8 by

human gingival epithelial cells in response

to Actinobacillus actinomycetemcomitans.

Cytokine 2001;14:152–161.

29. Griffiths GS. Formation, collection and

significance of gingival crevice fluid.

Periodontol 2000 2003;31:32–42.

30. Houalet-Jeanne S, Pellen-Mussi P, Tricot-

Doleux S, Apiou J, Bonnaure-Mallet M.

Assessment of internalization and viability

of Porphyromonas gingivalis in KB epi-

thelial cells by confocal microscopy. Infect

Immun 2001;69:7146–7151.

31. Madianos PN, Papapanou PN, Sandros J.

Porphyromonas gingivalis infection of oral

epithelium inhibits neutrophil transepi-

thelial migration. Infect Immun 1997;

65:3983–3990.

32. Uehara A, Sugawara S, Tamai R, Takada

H. Contrasting responses of human gin-

gival and colonic epithelial cells to lipo-

polysaccharides, lipoteichoic acids and

peptidoglycans in the presence of soluble

Influence of serum on interaction of bacteria with cells 237



CD14. Med Microbiol Immunol 2001;

189:185–192.

33. Curtis MA, Sterne JA, Price S et al. The

protein composition of gingival crevicular

fluid sampled from male adolescents with

no destructive periodontitis: baseline data

of a longitudinal study. J Periodont Res

1990;25:6–16.

34. Hanioka T, Matsuse R, Shigemoto Y,

Ojima M, Shizukuishi S. Relationship

between periodontal disease status and

combination of biochemical assays of

gingival crevicular fluid. J Periodont Res

2005;40:331–338.

35. Iwasaki M, Yoshihara A, Hirotomi T,

Ogawa H, Hanada N, Miyazaki H.

Longitudinal study on the relationship

between serum albumin and periodontal

disease. J Clin Periodontol 2008;35:291–

296.

36. Fishburn C, Slaney J, Carman R, Curtis

M. Degradation of plasma proteins by the

trypsin-like enzyme of Porphyromonas

gingivalis and inhibition of protease

activity by a serine protease inhibitor of

human plasma. Oral Microbiol Immunol

1991;6:209–215.

37. Grenier D, Imbeault S, Plamondon P,

Grenier G, Nakayama K, Mayrand D.

Role of gingipains in growth of Por-

phyromonas gingivalis in the presence of

human serum albumin. Infect Immun

2001;69:5166–5172.

38. Potempa M, Potempa J, Okroj M et al.

Binding of complement inhibitor C4b-

binding protein contributes to serum

resistance of Porphyromonas gingivalis.

J Immunol 2008;181:5537–5544.

39. Sundqvist G, Johansson E. Bactericidal

effect of pooled human serum on

Bacteroides melaninogenicus, Bacteroides

asaccharolyticus and Actinobacillus acti-

nomycetemcomitans. Scand J Dent Res

1982;90:29–36.

40. Goluszko P, Selvarangan R, Popov V,

Pham T, Wen J, Singhal J. Decay-accel-

erating factor and cytoskeleton redistri-

bution pattern in HeLa cells infected with

recombinant Escherichia coli strains

expressing Dr family of adhesins. Infect

Immun 1999;67:3989–3997.

41. Garduño R, Garduño E, Hoffman P.

Surface-associated hsp60 chaperonin of

Legionella pneumophila mediates invasion

in a HeLa cell model. Infect Immun

1998;66:4602–4610.

42. Lee J, Sojar H, Bedi G, Genco R. Syn-

thetic peptides analogous to the fimbrillin

sequence inhibit adherence of Porphyro-

monas gingivalis. Infect Immun 1992;

60:1662–1670.

43. Fine D, Furgang D. Lactoferrin iron

levels affect attachment of Actinobacillus

actinomycetemcomitans to buccal epithe-

lial cells. J Periodontol 2002;73:616–623.

44. Lamont R, Chan A, Belton C, Izutsu K,

Vasel D, Weinberg A. Porphyromonas

gingivalis invasion of gingival epithelial

cells. Infect Immun 1995;63:3878–3885.

45. Tang S, Leung J, Katsushige A et al.

Albumin stimulates interleukin-8 expres-

sion in proximal tubular epithelial cells in

vitro and in vivo. J Clin Invest 2003;

111:515–527.

46. Lai K, Chan L, Tang S, Leung J. Gano-

derma extract prevents albumin-induced

oxidative damage and chemokines syn-

thesis in cultured human proximal tubul-

kar epithelial cells. Nephrol Dial

Transplant 2006;21:1188–1197.

47. Memoli B, Minutolo R, Bisesti V et al.

Changes of serum albumin and C-reactive

protein are related to changes of inter-

leukin-6 release by peripheral blood

mononuclear cells in hemodialysis patients

treated with different membranes. Am J

Kidney Dis 2002;39:266–273.

48. Schlesinger J, van Harmelen V, Alberti-

Huber C, Hauner H. Albumin inhibits

adipogenesis and stimulates cytokine

release from human adipocytes. Am J

Physiol Cell Physiol 2006;291:C27–C33.

49. Sandros J, Karlsson C, Lappin DF,

Madianos PN, Kinane DF, Papapanou

PN. Cytokine responses of oral epithelial

cells to Porphyromonas gingivalis infec-

tion. J Dent Res 2000;79:1808–1814.

50. Eick S, Reissmann A, Rödel J, Schmidt K,
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