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Oral stratified squamous epithelium

expresses three human antimicrobial

peptides of the b-defensin family, hu-

man b-defensin (hBD)-1, -2 and -3, as

part of its innate immunity (1). Previ-

ous in vitro studies have shown anti-

microbial activities of hBD-2 and

hBD-3 in the concentration range of

micrograms per millilitre against two

critical periodontal pathogens, Por-

phyromonas gingivalis and Aggregati-

bacter actinomycetemcomitans, formerly
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Background and Objective: Oral epithelial cells express three antimicrobial peptide

human b-defensins (hBDs) that have previously been demonstrated to exert

proinflammatory effects on various immune cells. We wanted to examine whether

hBDs could induce cyclooxygenase-2 (COX-2) expression and prostaglandin E2

(PGE2) synthesis in non-immune cells, such as human gingival fibroblasts.

Material and Methods: Cultured fibroblasts were treated with different concen-

trations of hBD-1, -2, -3 or interleukin-1b, as a positive control, for various times,

in the presence or absence of NS-398, a specific COX-2 inhibitor. The levels of

COX-1 and COX-2 mRNA expression were analyzed using RT-PCR and

real-time PCR. Whole cell lysates were analyzed for COX-1 and COX-2 protein

expression by western blotting. Cell-free culture supernatants were assayed for

PGE2 levels by ELISA. The lactate dehydrogenase assay was performed to

determine the cytotoxicity of hBDs.

Results: Ten and 40 lg/mL of hBD-3 up-regulated COX-2 mRNA and protein

expression, consistent with COX-2 up-regulation by interleukin-1b, whereas hBD-1

and hBD-2 did not. However, COX-1mRNA and protein were constitutively

expressed. The time-course study revealed that hBD-3 up-regulated COX-2mRNA

and protein expression at 6 and 12 h, respectively. Consistent with COX-2 up-regula-

tion,10and40 lg/mLofhBD-3 significantly increasedPGE2 levels in cell-free culture

supernatants (p < 0.05), and this was inhibited by NS-398 in a dose-dependent

manner. Neither of the hBD concentrations tested in this studywas toxic to the cells.

Conclusion: These findings indicate that epithelial human b-defensin-3 functions as
a proinflammatory mediator in controlling arachidonic acid metabolism in

underlying fibroblasts.
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known as Actinobacillus actinomyce-

temcomitans (2–5). This suggests their

potential role as antimicrobial agents

for periodontal disease. Moreover,

differential expression of hBD-1 and

hBD-2 is reported in specific types of

periodontal disease (6). In particular,

significantly higher hBD-1 expression

has been reported in chronic than in

aggressive periodontitis, while signifi-

cantly higher hBD-2 expression has

been reported in aggressive than in

chronic periodontitis. In addition to

their antimicrobial activities, it is now

recognized that these b-defensins can

function as immunomodulators. For

example, hBD-1 and hBD-2 serve as a

link between innate and acquired

immunity by acting as chemo-attrac-

tants for immature dendritic cells and

T lymphocytes (7), and as immuno-

modulators in mast cells (8). More-

over, both hBD-2 and hBD-3 stimulate

primary human keratinocytes to

produce various proinflammatory

cytokines and chemokines (9,10), and

hBD-2 activates many inducible genes

involved in immune and defense

responses in oral epithelial cells (11) in

an autocrine fashion. Likewise, it is

possible that these oral epithelial

human b-defensins exert their immu-

nomodulatory activities in another cell

type of periodontium, i.e. human gin-

gival fibroblasts, in a paracrine fash-

ion. In fact, it has been shown that

hBD-2 and hBD-3 significantly induce

cell proliferation in primary human

gingival fibroblasts (12).

It has been demonstrated that pros-

taglandin E2 (PGE2) levels in gingival

crevicular fluid are significantly higher

in patients with chronic periodontitis

than in normal patients (13–16) and in

cell-free culture supernatants collected

from cultured human periodontal lig-

ament and gingival fibroblasts stimu-

lated with proinflammatory stimuli

through induced cyclooxygenase-2

(COX-2) expression than in those col-

lected from non-stimulated cells (17–

19). This may imply that COX-2 plays

a crucial role in PGE2 production in

periodontal disease. Prostaglandin

E2 can be synthesized by both cyclo-

oxygenase-1 (COX-1) and COX-2.

Generally, COX-1 is constitutively

expressed in many tissues and supports

prostanoid synthesis, regulated for

maintaining organ and tissue homeo-

stasis, whereas COX-2 is induced after

stimulation with proinflammatory

molecules and is up-regulated during

tissue inflammation, especially in perio-

dontal disease. Since both COX-2 and

PGE2, two critical inflammatory

markers in the pathogenesis of perio-

dontal disease (20–22), are up-regu-

lated by interleukin-1b (IL-1b) in

cultured human gingival fibroblasts

(19), and hBDs are implicated in both

innate immunity and inflammation

(23), we, therefore, wanted to examine

the proinflammatory effects of hBDs

on gingival fibroblasts. The objective

of this study was to determine the

effects of hBDs on up-regulating

expression of COX-2 and synthesis of

PGE2 in gingival fibroblasts. It was

found that only hBD-3 up-regulated

COX-2 mRNA and protein expression,

resulting in raised PGE2 levels in cell-

free culture supernatants. This suggests

that oral epithelial hBD-3 plays an

important role as another proinflam-

matory mediator in controlling ara-

chidonic acid metabolism in underlying

gingival fibroblasts, in addition to its

known antimicrobial activities.

Material and methods

Materials

Human b-defensin-1, -2 and -3 were

purchased from the Peptide Institute,

Inc., Osaka, Japan. The polyclonal

antibodies against human COX-1,

COX-2 and glyceraldehyde 3-phos-

phate dehydrogenase (GAPDH) were

purchased from Santa Cruz Biotech-

nology, Santa Cruz, CA, USA. Inter-

leukin-1b was purchased from R&D

Systems, Minneapolis, MN, USA. A

specific inhibitor of COX-2 activity,

NS-398, was obtained from Cayman

Chemical, Ann Arbor, MI, USA.

Cell culture

Primary human gingival fibroblasts

were isolated from gingival biopsies

overlying impacted third molars, col-

lected from healthy patients undergo-

ing extraction of impacted teeth at the

Department of Oral and Maxillofacial

Surgery, Faculty of Dentistry, Chiang

Mai University, as described previ-

ously (24). Briefly, the gingival biopsies

were cut into small pieces with dimen-

sions of 2 mm wide and 2 mm long.

The biopsies were then placed on a

60 mm culture dish (Nunc�, Roskilde,

Denmark) and cultured in Dulbecco�s
modified Eagle�s medium (Invitro-

gen�, Grand Island, NY, USA), con-

taining 10% fetal bovine serum

(Invitrogen�) and 1% penicillin/

streptomycin (Invitrogen�), until the

fibroblasts expanded and reached con-

fluence. Subsequently, cells were fur-

ther passaged to expand their number,

and cell lines from three different

donors (n = 3) from the third to fifth

passages were used throughout this

study. The research protocol had been

approved by the Local Human Exper-

imentation Committee (#1/2009), and

written informed consent was obtained

from the patients. After confluence,

cells (2 · 105 per well) were starved of

serum for 6 h prior to treatment with

various concentrations of hBD-1, -2, -3

or IL-1b, as a positive control, for

various times, in the presence or

absence of NS-398.

Isolation of total RNA and RT-PCR

Total RNA was harvested according to

the manufacturer�s protocols, using an

Aurum Total RNA Mini Kit (Bio-Rad

Laboratories, Hercules, CA, USA).

The RT-PCR protocol has been

described previously (25). Briefly, 3 lg
of total RNA were used for synthesis

of cDNA using a SuperScript� First-

Strand cDNA System (Fermentas,

Hanover, MD, USA). The PCR prim-

ers for COX-1 were 5¢-TGCC-

CAGCTCCTGGCCCGCCGCTT-3¢
(forward) and 5¢-GTGCATCAACA-

CAGGCGCCTCTTC-3¢ (reverse); and
for COX-2 5¢-TTCAAATGAGA

TTGTGGGAAAAT-3¢ (forward) and

5¢-AGATGNATCTCTGCCTGAGT

ATCTT-3¢ (reverse). The PCR ampli-

fication for COX-1 and COX-2 con-

sisted of 28 and 35 cycles, respectively,

of 94�C for 1 min, 55�C for 1 min and

72�C for 2 min, with an initial dena-

turation for 3 min at 94�C. The PCR

primers for GAPDH were 5¢-AC-

CACAGTCCATGCCATCACTGC-3¢

COX-2 induction by human b-defensin-3 465



(forward) and 5¢-TCCACCACCCTG

TTGCTGTAGC-3¢ (reverse). The

PCR amplification for GAPDH con-

sisted of 20 cycles of 95�C for 45 s,

60�C for 1 min and 72�C for 2 min.

The PCR products were resolved on

1.2% agarose gel, and photographs

were taken by a CCD camera, attached

to the Chemidoc XRS documentation

system (Bio-Rad Laboratories). The

predicted sizes of PCR product for

COX-1, COX-2 and GAPDH were

304, 305, and 452 bp, respectively.

The results fromsequencing reactions of

PCR products at Macrogen Inc., Seoul,

Korea, confirmed 100% identities

with the complete coding sequences of

COX-1 mRNA (Genbank accession

no. NM080591) and COX-2 mRNA

(Genbank accession no. NM000963).

Real-time PCR

The real-time PCR was performed

using 5% (vol/vol) of cDNA from the

reverse transcription, 1 lL of each

10 mM primer, and 10 lL of the

Biotools QUANTIMIX EASY SYG

reagents (Biotools, B & M Labs,

Madrid, Spain) in the Rotor-Gene�
6000 (Corbett Research, Sydney,

NSW, Australia). The real-time PCR

amplification in a total volume of

20 lL consisted of 40 cycles of 95�C
for 45 s, 60�C for 1 min and 72�C for

2 min for COX-1, COX-2 and GAP-

DH. The ratio of COX-1 or COX-2

relative to GAPDH expression in

each sample was calculated from

three separate experiments. The med-

ian value (fold) of COX-1 or COX-2

mRNA induction was determined by

comparing the ratio of COX-1 or

COX-2 relative to GAPDH expres-

sion of an hBD-treated sample with

that of an untreated control sample.

Western blot analysis

Whole cell lysates of control and trea-

ted human gingival fibroblasts were

extracted in RIPA buffer (26). Forty

micrograms of cell lysates were re-

solved by 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis and

transferred to nitrocellulose mem-

branes (Bio-Rad Laboratories). The

membranes were blocked, reacted with

primary antibody against COX-1,

COX-2 or GAPDH at 1:400 dilution,

and then incubated with horseradish

peroxidase-conjugated secondary anti-

body (Santa Cruz Biotechnology) at

1:2000 dilution. LumiGLO Reserve

Chemiluminescence (KPL, Gaithers-

burg, MD, USA) was used as a sub-

strate, and the signal was captured

with a CCD camera, attached to the

ChemiDoc XRS.

Prostaglandin E2 assay

Cell-free culture supernatants were

collected and analyzed for PGE2 levels

using the commercially available ELI-

SA kit (R&D Systems). Briefly, 150 lL
of the standard included in the kit or of

the cell-free culture supernatant sam-

ples and 50 lL of primary antibody

solution were added to each well.

Subsequently, 50 lL of PGE2 conju-

gate was added and incubated for 2 h

at ambient temperature. The well was

then washed, and 200 lL of substrate

solution was added and incubated for

30 min under light protection. The

reaction was stopped, and the devel-

oping color was determined by optical

density using the Titertek Multiskan

M340 multiplate reader (ICN Flow,

Costa Mesa, CA, USA), set to 450 nm

within 30 min.

Lactate dehydrogenase (LDH) assay

To determine the cytotoxicity of var-

ious doses of hBDs on human gingi-

val fibroblasts, an LDH assay was

performed. An extracellular release of

LDH is a common marker for cell

death. Therefore, cell-free culture su-

pernatants were collected from cells

that were incubated with various

doses of hBD-1, -2, -3 or 5 mM of

H2O2, as a positive control, for 24 h.

The LDH mixture solution, contain-

ing 2 mM of pyruvic acid (Sigma-

Aldrich, St Louis, MO, USA) and

0.3 mM of b-nicotinamide adenine

dinucleotide (Sigma-Aldrich) in phos-

phate buffer solution (50 mM of

NaHPO4 and 8 mM of KH2PO4,

pH 7.4), was added to 100 lL of the

culture supernatants or to a blank

control at 37�C for 30 min. Subse-

quently, 1 mL of the color reagent

[2,4-dinitrophenylhydrazine (Sigma-

Aldrich)] was added and incubated at

room temperature for 20 min. The

reaction was stopped by addition of

0.4 M of NaOH, and the developing

color was determined as an optical

density using the Titertek Multiskan

M340 multiplate reader, set to

450 nm.

Statistical analyses

The differences in terms of the fold of

COX-2 mRNA induction and the

PGE2 levels shown in Fig. 4 and in

Tables 1 and 2 were tested by the

Kruskal–Wallis H-test and the Mann–

Whitney U-test at p < 0.05. The dif-

ferences in the arbitrary LDH units/

mL that indicated cell death, shown in

Fig. 3, between untreated control and

hBD-treated or H2O2-treated samples,

were tested by Student�s paired t-test at

p < 0.01.

Results

Human b-defensin-3 up-regulated
COX-2 expression in both dose- and
time-dependent manners

To determine the proinflammatory ef-

fects of hBDs, human gingival fibro-

blasts were treated with various doses

of hBDs for different times. Cells were

harvested for analyses of COX-2

mRNA and protein expression. The

results showed that hBD-3 up-regu-

lated COX-2 mRNA in a dose-depen-

dent manner (Fig. 1A). Similarly,

IL-1b, as a positive control for cell

stimulation, induced COX-2 mRNA

expression at concentrations as low as

1 ng/mL (Fig. 1B). However, neither

hBD-1 nor hBD-2 at any dose induced

COX-2 mRNA (Fig. 1A). Consistent

with the findings of other studies

(27,28), COX-1 mRNA was constitu-

tively expressed in human gingival

fibroblasts (Fig. 1). The real-time PCR

analysis showed a significant COX-2

mRNA induction by 10 and 40 lg/mL

of hBD-3 (p < 0.05; Table 1). The

time-course study showed an obvious

COX-2 mRNA induction after human

gingival fibroblasts were treated with

10 lg/mL of hBD-3 for 6 h (Fig. 1C),

whereas COX-2 protein induction
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occurred at 12 h (Fig. 2B), while COX-

1 protein expression remained un-

changed (Fig. 2). Consistent with

COX-2 mRNA induction, COX-2

protein expression was remarkably up-

regulated by 10 and 40 lg/mL of hBD-

3 (Fig. 2A). The COX-2 mRNA

induction was significant at 6 h

(p < 0.05), and the induction reached

a maximal level at 12 h (Table 2).

Human b-defensin-3 elevated levels
of PGE2

To examine the synthesis of PGE2, cell-

free culture supernatants from human

gingival fibroblasts, treated with vari-

ous concentrations of hBDs for differ-

ent times, were analyzed by ELISA. In

agreement with COX-2 induction, the

PGE2 levels were significantly elevated

in cell-free culture supernatants col-

lected from cells treated with 10 and

40 lg/mL of hBD-3 (p < 0.05,

r = 0.998; Table 1) and with 10 lg/
mL of hBD-3 at 12 and 24 h

(p < 0.05, r = 0.861; Table 2).

No cytotoxicity of human b-defensins
to human gingival fibroblasts

To determine the cell death after being

treated with each hBD, human gingival

fibroblasts were plated, and then trea-

ted with either various doses (up to

40 lg/mL) of each hBD or 5 mM of

H2O2, as a positive control for cell

toxicity, for 24 h. It was demonstrated

that there was no significant difference

in terms of the values in LDH units/

mL between hBD-treated and un-

treated control cells (p > 0.05; Fig. 3).

In contrast, these values from H2O2-

treated cells were significantly higher

than those from untreated control cells

(p < 0.01; Fig. 3). This indicates that

neither of the hBD doses tested in this

study was toxic to the cells, whereas

treatment with 5 mM of H2O2 resulted

in cell death.

Elevated PGE2 synthesis stimulated
by hBD-3 was via COX-2 induction

To examine whether elevated PGE2

levels in cell-free culture supernatants

collected from human gingival fibro-

blasts treated with hBD-3 resulted

from COX-2 induction, cells were

pretreated with 0.01, 0.1 or 1 lM of

NS-398, a specific inhibitor of COX-2

activity (28), 30 min prior to treatment

with either 10 lg/mL of hBD-3 or

10 ng/mL of IL-1b, as a positive con-

trol. As expected, the elevated levels of

PGE2 resulting from stimulation with

either hBD-3 or IL-1b were signifi-

cantly decreased by pretreatment with

NS-398 in a dose-dependent manner

(p = 0.008 for hBD-3; p = 0.002 for

IL-1b; Fig. 4A and B, respectively).

Taken together, these results suggest

that oral epithelial hBD-3 can exert its

proinflammatory and paracrine effects

by up-regulating COX-2 expression

and PGE2 synthesis through induced

COX-2 expression in underlying gin-

gival fibroblasts.

Table 1. Human b-defensin-3 treatment resulted in significant cyclooxygenase-2 (COX-2)

mRNA up-regulation and elevated prostaglandin E2 (PGE2) levels in cell-free culture

supernatants in a dose-dependent fashion

Concentration

(lg/mL)

Median fold

(range) of COX-2/

GAPDH ratio

Median PGE2

concentration

(range) (pg/mL)

Control 1.00 36.40 (34.49–38.32)

hBD-1 0.3 1.16 (1.10–1.21) 35.91 (33.74–38.08)

hBD-1 1.0 1.28 (1.20–1.36) 39.22 (36.28–42.16)

hBD-1 3.0 1.21 (1.20–1.22) 37.42 (34.99–39.85)

hBD-1 10.0 1.48 (1.40–1.56) 37.35 (34.96–39.73)

hBD-1 40.0 1.20 (1.20–1.20) 39.61 (35.43–43.78)

hBD-2 0.3 1.03 (1.00–1.06) 38.30 (35.70–40.89)

hBD-2 1.0 1.18 (1.20–1.16) 37.58 (35.00–40.16)

hBD-2 3.0 1.61 (1.00–2.22) 39.64 (34.86–44.42)

hBD-2 10.0 1.21 (1.20–1.21) 40.51 (38.37–42.66)

hBD-2 40.0 1.01 (0.82–1.20) 36.82 (32.94–40.69)

hBD-3 0.3 3.02 (2.58–3.46) 21.33 (20.00–23.00)

hBD-3 1.0 3.35 (2.68–4.03) 35.55 (22.64–48.31)

hBD-3 3.0 6.20 (4.72–7.67) 53.16 (48.31–58.00)

hBD-3 10.0 24.14* (23.26–25.01) 260.59* (260.56–266.03)

hBD-3 40.0 259.00* (233.94–284.05) 1934.00* (1824.20–2048.10)

The real-time PCR assay was performed using the samples from Fig. 1A to analyze the ratios

of COX-2 relative to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression, and

these ratios were compared between untreated control and hBD-treated cells and expressed

as median folds of induction. The cell-free culture supernatants from Fig. 1A were collected

and analyzed for PGE2 concentration by ELISA.

*Statistically significant difference from control untreated cells at p < 0.05.

Table 2. The kinetic study showed that hBD-3 significantly up-regulated COX-2 mRNA

expression at 6 h and PGE2 synthesis in cell-free culture supernatants at 12 h

hBD-3 (10 lg/mL)

treatment time (h)

Median fold

(range) of COX-1/

GAPDH ratio

Median fold

(range) of

COX-2/

GAPDH ratio

Median PGE2

concentration

(range) (pg/mL)

0 1.00 1.00 35.16 (33.00–37.32)

1 0.96 (0.93–0.99) 1.80 (1.72–1.88) 35.07 (34.44–35.70)

3 0.90 (0.85–0.98) 1.71 (1.66–1.77) 36.34 (34.53–38.15)

6 0.96 (0.88–1.03) 5.25* (4.83–5.66) 43.16 (38.77–47.56)

12 0.92 (0.79–1.02) 15.77* (15.54–16.00) 74.23* (66.57–81.88)

24 0.98 (0.89–1.07) 14.90* (14.34–15.45) 123.93* (122.91–124.95)

The real-time PCR assay was performed using the samples from Fig. 1C to analyze the ratios

of either COX-1 or COX-2 relative to GAPDH expression, and these ratios were compared

between untreated control and hBD-3-treated cells and expressed as median folds of

induction. The cell-free culture supernatants from Figs 1C and 2B were collected and ana-

lyzed for PGE2 concentration by ELISA. Note constitutive COX-1 mRNA expression.

*Statistically significant difference from control cells (0 h) at p < 0.05.
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Discussion

In the present study, we have shown the

effects of hBD-3 on induction of COX-2

mRNA and protein expression, and

consistently elevated PGE2 levels with-

out discernible or measurable cytotox-

icity. In addition, the elevation of PGE2

levels by hBD-3 treatment was inhibited

by pretreatment with NS-398, suggest-

ing that production of PGE2 was up-

regulated via COX-2 induction. The

facts that elevated PGE2 concentrations

have been shown in inflamed gingival

tissue (13) and in gingival crevicular

fluid of patients with chronic peri-

odontitis (15) and are associated with

the pathogenesis of periodontal disease

through inducedCOX-2 expression (21)

suggest a critical role for hBD-3 as an-

other proinflammatory mediator in

periodontal disease. The observation

that only hBD-3, but not hBD-1 or

hBD-2, induces COX-2 expression may

not simply be explained by stress on the

fibroblast cell membrane, induced by

cationic peptides, since these three b-
defensin peptides have similar molecu-

lar structures and net positive charges

(29). Therefore, a more specific mecha-

nism of controlling COX-2 up-regula-

tion by hBD-3 is likely to occur. Further

investigations are required to elucidate

specific receptor(s) and signaling path-

way(s), which may include p38 MAPK,

which has been shown to be involved in

COX-2 induction by Streptococcus

pneumoniae (30), and nuclear factor-jB,
which is implicated in IL-1b-induced
COX-2 expression (31).

Apart from the fact that in our study

we used the same hBD concentrations,

i.e. in low microgram per millilitre

levels, that were used in others (9,10), it

is anticipated that the concentrations

of each hBD used in our study (ranging

from 0.3 to 40 lg/mL), which were not

toxic to gingival fibroblasts, are app-

ropriate for evaluating the physiologi-

cal roles of these b-defensins in vivo.

This is because the amounts of hBD-2

and hBD-3 in vitro are estimated to be

approximately 16 lM (�80 lg/mL) in

IL-1a-stimulated organotypic epider-

mal cultured cells (32) and 34 lM

(�170 lg/mL) in Staphylococcus aur-

eus-stimulated normal epidermis (33),

respectively. In vivo, especially in the

oral cavity, the median levels of hBD-3

have been shown to vary within the

microgram per millilitre range in the

whole saliva of 149 middle school

children, most of which were Hispanic,

with some Native Americans and

Caucasians (34). Consequently, low

microgram per millilitre concentrations

of these b-defensins are likely to exist

within oral mucosal tissue during the

pathophysiological processes of oral

inflammatory disorders, although the

A

B

Fig. 2. Induction of COX-2 protein by

hBD-3 in human gingival fibroblasts.

(A) Cells were incubated with 0.3, 1, 3, 10 or

40 lg/mL of hBD-3 for 18 h, , or left un-

treated as a control. (B) Cells were incu-

bated with 10 lg/mL of hBD-3 for 1, 3, 6,

12 and 24 h, or left untreated as a control.

Whole cell lysates were extracted, and

expression of COX-1, COX-2 and GAPDH

protein were analyzed by western blotting,

as described in the Material and Methods

section. The results shown are representa-

tive of three independent experiments.

A

B C

Fig. 1. Up-regulation of COX-2 mRNA by hBD-3 in human gingival fibroblasts. (A) Cells

were treated with hBD-1, -2 or -3 at 0.3, 1, 3, 10 and 40 lg/mL for 18 h, or left untreated as a

control. (B) COX-2 mRNA induction by IL-1b. Cells were incubated with 1 or 10 ng/mL of

IL-1b for 18 h, or left untreated as a control. (C) Cells were treated with 10 lg/mL of hBD-3

for 1, 3, 6, 12 and 24 h, or left untreated as a control. After incubation, total RNA was

harvested and analyzed for COX-1, COX-2 and GAPDH mRNA expression by RT-PCR.

The results shown are representative of three independent experiments.

Fig. 3. No toxicity was found in human gingival fibroblasts treated with human b-defensins
by a lactate dehydrogenase (LDH) assay. Cells (at a cell density of 1 · 104) were treated with

0.3, 1, 3, 10 and 40 lg/mL of hBD-1, -2 or -3 for 24 h, and the LDH release, measured as

LDH units/mL, in cell-free culture supernatants was analyzed and then compared between

untreated control cells and H2O2-treated or hBD-treated cells. Data are expressed as

means ± SD of ten independent experiments, and the significant differences were tested by

Student�s paired t-test at **p < 0.01.
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amounts of each b-defensin have not

yet been precisely quantified.

The significance of this study is to

show the proinflammatory effects of

hBD-3, an inducible antimicrobial

peptide in the b-defensin family, de-

rived from oral epithelial cells, on

controlling arachidonic acid metabo-

lism in non-immune cells, particularly

gingival fibroblasts, besides its known

immunomodulation in various types of

immune cells. The metabolism of ara-

chidonic acid follows multiple and

interrelated pathways, leading to gen-

eration of a wide variety of biologically

active substances, such as prostanoids,

leukotrienes, epoxyeicosatrienoic acid,

etc., which eventually lead to pain and

inflammation (35). The mechanisms of

pain and inflammation should be

viewed as a complex and interrelated

network, and various enzymes and

pathways in arachidonic acid metabo-

lism are implicated. It is, therefore,

necessary to further investigate the

proinflammatory effects of hBD-3 on

the expression of other enzymes in-

volved in arachidonic acid metabolism

and on the levels of other active

metabolites, in addition to COX-2 and

PGE2. It is probable that hBD-3 also

affects expression of a number of

phospholipase A2 enzymes that control

the arachidonic acid levels in fibro-

blasts.

The findings from a previous study

(36) that demonstrated the localization

of hBD-3 in the basal layer of gingival

epithelium are consistent with our

results, which suggest potential cross-

talk between gingival epithelial cells

and underlying fibroblasts via hBD-3

acting in a paracrine fashion. Further-

more, it has been shown that increased

PGE2 levels can, in turn, affect b-de-
fensin expression in gingival epithelial

cells (37), emphasizing the roles of

these periodontal cells in enhancement

of inflammation. In addition, it is

interesting to examine the proinflam-

matory effects of hBDs on arachidonic

acid metabolism in other non-immune

cells that reside in gingival tissue, such

as epithelial cells, periodontal ligament

fibroblasts, endothelial cells, etc. In

fact, it has recently been shown that

hBD-2 stimulates migration and pro-

liferation of human endothelial cells,

suggesting its role in proangiogenic

activity (38). In summary, oral epithe-

lium-derived human b-defensin-3 can

function as a proinflammatory media-

tor by regulating COX-2 expression

and PGE2 synthesis in underlying

gingival fibroblasts in a paracrine

fashion, suggesting its critical role in

inflammatory periodontal disease.
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