
Immunological changes have long been
considered to be, at least in part, respon-
sible for periodontal conditions observed
during pregnancy (14, 27). Female sex
hormones have also been suggested to play
an important role in periodontal disease
progression in pregnant women (17, 28).
ElAttar (4) reported an increased synthesis
of oral prostaglandin E2 (PGE2) when
female sex hormones are present at high
concentrations during pregnancy. Female
sex hormones were also reported to stimu-
late growth of Prevotella intermedia (11)
and may thus contribute to the fact that
level of this periodontopathogen increases
in periodontal sites of pregnant women
(10).
Campylobacter rectus is a gram-negat-

ive motile rod that has been associated with
periodontal diseases (15, 23). C. rectus is
known to produce a variety of putative

virulence factors, including lipopolysac-
charide, crystalline surface layer (S-layer)
and GroEL-like protein (GroEL), which
can enhance the expression of various
inflammatory mediators by host cells (8,
21, 30, 31, 33). More specifically, C. rectus
lipopolysaccharide stimulated the produc-
tion of PGE2, interleukin (IL)-1 beta and
IL-6 by gingival fibroblasts (21, 30),
whereas C. rectus S-layer enhanced the
expression and secretion of IL-6, IL-8, and
tumor necrosis factor alpha by HEp-2 cells
derived from human pharyngeal cancer
(33). The expression of IL-6 and IL-8 by
human gingival cells stimulated with
C. rectus GroEL, known as 64-kDa heat
shock protein, was also reported (8, 31).
Recent studies suggested that maternal

periodontal diseases may represent a sig-
nificant risk factor for preterm low birth
weight (PLBW) (20) and that C. rectus

might be associated with PLBW (16, 18).
More specifically, it was reported that the
prevalence of fetal immunoglobulin M
positive to C. rectus was significantly
higher for preterm than for full-term
neonates (16). In addition, PLBW mothers
had significantly higher levels of C. rectus
in their subgingival plaque than women
with normal birth outcome (18). In this
study, we hypothesized that female sex
hormones (estradiol and progesterone),
through their effects on C. rectus and
human gingival fibroblasts (HGF), may
contribute to periodontal disease progres-
sion during pregnancy.

Material and methods

Determination of growth stimulating effect

C. rectus ATCC 33238 (American Type
Culture Collection, Rockville, MD) and
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Recent studies have suggested a relationship between maternal Campylobacter rectus
infections and preterm low birth weight. The purpose of this study was to investigate the
effect of female sex hormones, estradiol and progesterone, on C. rectus and human
gingival fibroblasts (HGF). The growth of C. rectus was significantly enhanced by
incorporating either estradiol or progesterone in the culture medium. The production of
vascular endothelial growth factor (VEGF), interleukin (IL)-6 and IL-8 by HGF increased
following stimulation with estradiol or progesterone, at concentrations comparable to
those present in the plasma of pregnant women. In addition, a significantly higher
secretion of VEGF by HGF treated with the combination of C. rectus and estradiol was
observed in comparison with a treatment with C. rectus alone. Stimulation of HGF with
VEGF resulted in production of IL-6 and IL-8 in a dose-dependent manner. The capacity
of female sex hormones to enhance both C. rectus growth and VEGF, IL-6, and IL-8
production by HGF has the potential to contribute to periodontal disease progression
during pregnancy.
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796 (clinical isolate from periodontitis
patient) were grown in Trypticase soy
broth (Becton Dickinson and Company,
Cockeysville, MD) supplemented with
0.2% yeast extract, 0.3% Phytone peptone,
0.2% NaCl, 0.3% ammonium formate,
0.4% sodium fumarate and 0.4% l-aspa-
ragine, adjusted to pH 7.8. Porphyromon-
as gingivalis ATCC 33277, Actinobacillus
actinomycetemcomitans ATCC 29522,
Fusobacterium nucleatum ATCC 23726
and P. intermedia ATCC 25611 were
grown in brain heart infusion broth (Difco
Laboratory, Detroit, MI) supplemented
with 0.5% yeast extract, 0.001% vitamin
K1 and 0.0005% hemin, adjusted to
pH 7.8. Growth was carried out at 37�C
in an anaerobic chamber (80% N2, 10% H2

and 10% CO2) for 24–36 h. Cultures were
maintained by 1 : 500 dilution in their
respective culture medium. Estradiol
(Upstate Biotechnology, Inc., Lake Placid,
NY) and progesterone (Calbiochem, La
Jolla, CA), known as typical female sex
hormones, were dissolved in dimethylsulf-
oxide (DMSO), and then diluted to
100 ng/ml in phosphate-buffered saline
(PBS). One hundred ll of each bacterial
culture and 100 ll of PBS containing
estradiol, progesterone or 0.005% (v/v)
DMSO (as control) were added into each
well of 96-well microplates (Corning
Glass Works, Corning, NY). Bacterial
growth was monitored by measuring the
absorbance at 655 nm (A655) after 12, 24,
36, and 48 h of incubation using a micro-
plate reader (Model 550, Bio-Rad, Hercu-
les, CA). Bacterial cell counts of the
cultures were determined (triplicate) by
microscopy using a Petroff-Hausser count-
ing chamber (Hausser Scientific Co., Hor-
sham, PA) in order to confirm that
increases in A655 values were correlated
with increased cell yield.

Determination of VEGF, IL-6, and IL-8

production by HGF

Gin-1 cells (HGF cell line ATCC CRL-
1292) were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco
Laboratories, Grand Island, NY) contain-
ing 10% (v/v) fetal bovine serum (FBS),
100 U/ml penicillin, 100 lg/ml streptomy-
cin, and 250 ng/ml amphotericin B and
passaged by trypsinization. Cells, washed
with DMEM to remove FBS and antibiot-
ics, were used at passages 6–10.
Estradiol and progesterone were adjus-

ted to 0.01, 0.1, 1, 10 or 100 ng/ml and
0.1, 1, 10, 100 or 1000 ng/ml in DMEM,
respectively, and then 1 ml of each solu-
tion was added onto confluent monolayers

of HGF in the wells of 24-well flat-bottom
tissue culture plates (Sumitomo Bakelite
Co., Ltd, Tokyo, Japan). Following incu-
bation at 37�C for 24 h in a CO2

atmosphere (5% CO2, 95% air and 100%
humidity), the concentrations of VEGF,
IL-6 and IL-8 in the HGF culture supern-
atants were measured by enzyme-linked
immunosorbent assay (ELISA) using com-
mercial assay kits (CytoSets, BioSource
International, Camarillo, CA), according to
the manufacturer’s protocol.
VEGF production by HGF treated with

the combination of female sex hormones
and periodontopathogenic bacteria was
also measured. Bacteria were harvested
by centrifugation (10,000 g for 10 min)
and suspended in DMEM to an absorbance
at 650 nm equal to 0.1. One hundred ll of
each bacterial sample, 500 ll of 100 ng/ml
female sex hormones (estradiol or prog-
esterone) or 0.005% (v/v) DMSO (as
control), and 400 ll of DMEM were
added onto confluent monolayers of HGF
in wells of 24-well flat-bottom tissue
culture plates. After 24 h of incubation,
concentrations of VEGF in the conditioned
media were measured as described above.
Production of IL-6 and IL-8 by HGF

treated with VEGF was also investigated
as above. Human recombinant VEGF,
purchased from Endogen (Woburn, MA),
was used at 62.5, 125, 250, 500 or
1000 pg/ml in DMEM.

Determination of HGF viability

Cell viability of HGF treated as above was
measured using the colorimetric Cell
Counting Kit-8 (Dojin Laboratories,
Kumamoto, Japan). The culture superna-
tants were removed for quantitative analy-
sis of VEGF, IL-6 and IL-8, and then
490 ll of DMEM and 10 ll of Cell
Counting Kit-8 reagent were added onto
HGF. After incubation in a CO2 incubator
for 1 h, 200 ll of each sample was
transferred into wells of a 96-well micro-
plate. The absorbance of these samples
was measured using a microplate reader at
two wavelengths, 450 and 655 nm (for the
reference), against a background control as
blank.

Statistical analysis

All experiments were performed in tripli-
cate except for the study on the bacterial
growth stimulating effect of estradiol and
progesterone (n¼10). The values represen-
ted the mean ± standard deviation (SD).
Statistical significance was evaluated by
unpaired Student’s t-test, analysis of vari-

ance (anova)/Scheffe’s F-test or Pear-
son’s correlation coefficient, at 5%
significance level using the SPSS 11.0
for windows statistical software package
(SPSS Inc., Chicago, IL).

Results

Growth stimulatory effect of estradiol and

progesterone

As shown in Fig. 1, A655 values reflecting
growth of both strains of C. rectus
(ATCC 33238 and 796) at time 12, 24,
36 and 48 h in the culture medium
supplemented with 50 ng/ml estradiol
were found to be 1.4–3.7-fold higher
(P < 0.01) than those obtained in the
control medium. Similarly, A655 values
for growth of P. intermedia in the pres-
ence of estradiol were 1.3–2.3-fold higher
(P < 0.01) than the control. On the other
hand, A655 values for P. gingivalis,
A. actinomycetemcomitans, and F. nucle-
atum were not statistically different for
growth in the presence compared with the
absence of estradiol. When progesterone
was used to supplement culture media,
results comparable to those recorded with
estradiol were obtained (data not shown).
The correlation between A655 values

and bacterial cell counts determined with a
Petroff-Hausser counting chamber was
established for growth of C. rectus ATCC
33238 in the culture medium with estradi-
ol. After 12, 24, 36, and 48 h of incuba-
tion, cell counts were 3.33 ± 0.61 · 107/
ml, 3.87 ± 1.01 · 107/ml, 5.33 ± 1.01
· 107/ml and 7.87 ± 1.01 · 107/ml,
respectively, which were positively corre-
lated with the A655 (r ¼ 0.90, P < 0.01).
Similarly, positive correlations were also
observed for growth of the other bacteria
in spite of the presence of female sex
hormones (data not shown).

Induction of VEGF, IL-6, and IL-8

production by HGF treated with estradiol

and progesterone

The cell viability of HGF treated with
estradiol or progesterone was decreased
dose-dependently (Fig. 2A, B). A signifi-
cant (P < 0.01) loss of viability was
observed with estradiol at 100 ng/ml and
progesterone at 1000 ng/ml. Production of
VEGF by HGF stimulated with estradiol
was dose-dependent and reached a value
of 245 ± 36.3 pg/ml at 100 ng/ml estradi-
ol, which was significantly higher
(P < 0.05) than the unstimulated control
(102 ± 10.2 pg/ml) (Fig. 2C). Stimula-
tion of HGF with progesterone resulted
in an optimal production of VEGF
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(263 ± 11.0 pg/ml) at a concentration of
10 ng/ml (P < 0.05) (Fig. 2D). The secre-
tion of IL-6 and IL-8 by HGF reached a
plateau with both estradiol and progester-
one at concentrations of 10–100 ng/ml
(Fig. 2E–H).
The amounts of VEGF secreted by

HGF treated with C. rectus alone or
C. rectus in association with estradiol
were 1336 ± 38.7 pg/ml and 1497 ± 75.1
pg/ml, respectively, which were signifi-
cantly different at P < 0.01. When the
other periodontopathogenic bacteria were
tested in association with estradiol, no
statistically significant increase were ob-
served. Similarly, no statistically signifi-
cant differences were observed when all
bacteria were tested in association with
progesterone (data not shown).

HGF were then treated with VEGF to
investigate production of IL-6 and IL-8.
The concentration of VEGF used for the
treatment of HGF was positively correla-
ted with the secreted levels of IL-6
(Fig. 3A) and IL-8 (Fig. 3B). The cell
viability of HGF treated with VEGF (up to
1000 pg/ml) was not affected (data not
shown).

Discussion

C. rectus is a member of the consortium of
bacteria for which evidence suggests a role
in periodontitis (15, 23). This bacterial
species has also been associated with
PLBW (16, 18). In this study, we showed
that estradiol and progesterone can signi-
ficantly stimulate the growth of C. rectus.

In addition, we confirmed the results of
Kornman & Loesche (11) indicating the
growth stimulatory effect of female sex
hormones on P. intermedia. The correla-
tion obtained between A655 values and
bacterial cell counts indicates that increa-
ses in absorbance reflect bacterial growth
and not clumping or aggregation of bac-
teria. Aspartate and asparagine may serve
as natural electron acceptors for C. rectus
in periodontal lesions in which proteolytic
bacteria are often predominant (22). Since
large amounts of formate are produced by
P. intermedia and this compound stimu-
lates the growth of C. rectus (7), female
sex hormones may also indirectly stimu-
late growth of C. rectus. Hormonal ster-
oids may thus influence the microbial
ecology of the gingival sulcus and be
responsible for changes observed in sub-
gingival bacterial flora of pregnant women
(10). Further research is needed to clarify
the mechanisms by which estradiol and
progesterone support the growth of
C. rectus and whether hormonal steroids
can enhance tissue adherence of periodonto-
pathogens as observed for Chlamydia
trachomatis (1).
VEGF, also known as vascular per-

meability factor (26), is member of the
angiogenic factor family (13). VEGF is
expressed during the process of placental
angiogenesis in pregnant women (24) and
the concentration of maternal serum VEGF
increases remarkably during pregnancy
(5). VEGF is also thought to play an
important role in pathological angiogene-
sis such as tumors, rheumatoid arthritis
and diabetic retinopathy (19). There are
several findings about VEGF production
by human gingival fibroblasts. Doan et al.
(3) and Yoshino et al. (35) reported,
respectively, that VEGF production was
stimulated in human gingival fibroblasts
by ultrasound and cyclic tensile stretching.
Yuan et al. (36) reported that the pyogenic
granuloma group expressed significantly
more VEGF than healthy gingiva and
periodontitis, and that this VEGF was
mostly localized in the cytoplasm of
macrophages and fibroblasts. Lastly,
Suthin et al. (29) reported that human
gingival fibroblasts produced VEGF and
that levels were significantly enhanced by
stimulation with vesicles and outer mem-
brane proteins from A. actinomycetemcom-
itans and P. gingivalis.
During pregnancy, the concentrations of

estradiol and progesterone in plasma
increase to approximately 30 and 300 ng/
ml, respectively, both of which are 1000
times higher than the levels observed
during follicular phase of menstrual cycle

Fig. 1. Growth of periodontopathogenic bacteria with (r) or without (e) estradiol at 50 ng/ml.
Horizontal axis shows the incubation time in hours. Vertical axis shows the absorbance values
measured at 655 nm, which reflect bacterial growth. The values represent the means ± SD (n¼10).
Statistical significance was evaluated by unpaired Student’s t-test at the 5% significance level:
**P < 0.01, *P < 0.05.
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(32). Furthermore, the levels of female sex
hormones in saliva increase during preg-
nancy (37). In this study, we hypothesized
that the increased amounts of female sex
hormones produced by pregnant women
might contribute to periodontal disease
progression through enhancement of
VEGF production in the periodontium.
We showed that production of VEGF by
HGF was enhanced significantly, in spite

of the decrease of cell viabilities, by
stimulation with estradiol and progester-
one at concentrations comparable to those
found in plasma of pregnant women.
Interestingly, the amounts of VEGF secre-
ted by HGF treated with C. rectus in
association with estradiol were higher than
with C. rectus alone. This reflects an
additive effect of C. rectus and estradiol.
Ishihara et al. (9) demonstrated that the

16S rRNA detection rates of C. rectus and
P. gingivalis in coronary artery plaque
samples were positively correlated with
their presence in subgingival plaque. This
finding suggests that C. rectus might
penetrate gingival tissues and enter blood
stream as well as P. gingivalis (12, 25).
Therefore, the additive effect of C. rectus
and estradiol against HGF seems to be
meaningful.
Pro-inflammatory cytokines such as

IL-6 and IL-8 are believed to be major
pathological mediators in periodontal dis-
ease (34). These cytokines have also been
suggested to be involved in the regulation
of placental growth during later stages of
pregnancy (2). Greig et al. (6) reported
that, at term, women in labor had signi-
ficantly elevated median maternal serum
IL-6 concentrations compared with those
at term but not in labor. We showed that
production of IL-6 and IL-8 by HGF was
enhanced significantly by stimulation with
female sex hormones at high concentra-
tions, which were comparable to those
found in plasma of pregnant women. This
result suggests that large amounts of
female sex hormones in pregnant women
may directly stimulate the production of
these cytokines by gingiva as well as
placenta. Furthermore, we also showed

Fig. 2. Production of VEGF, IL-6, and IL-8 by HGF treated with either estradiol or progesterone.
Horizontal axis shows the concentration of estradiol (A, C, E and G) or progesterone (B, D, F and H)
used to stimulate cells. Vertical axis in panels A and B shows the absorbance value, obtained at 450
and 655 nm (for reference), which reflects the cell viability. Vertical axis in panels C and D, E and F,
and G and H shows the secretion levels of VEGF, IL-6, and IL-8, respectively, by HGF. All
experiments were performed in triplicate. The values represent the means ± SD. Statistical
significance was evaluated by anova/Scheffe’s F-test at the 5% significance level: **P < 0.01,
*P < 0.05.

Fig. 3. Production of IL-6 and IL-8 by HGF
treated with VEGF. Horizontal axis shows the
concentration of VEGF added. Vertical axis
shows the secretion levels of IL-6 (A) and IL-8
(B) by HGF. All experiments were performed in
triplicate. Statistical significance was evaluated
by Pearson’s correlation coefficient at the 5%
significance level.
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that the concentration of VEGF used to
stimulate HGF was positively correlated
with the levels of IL-6 and IL-8 secreted
by those cells. This result suggests that
the increased concentration of VEGF in
the oral cavity of pregnant women may
favor periodontal inflammation by both
accelerating the vascular permeability and
stimulating the production of IL-6 and
IL-8.
In summary, our findings suggest that

the enhancement of both C. rectus growth
and VEGF, IL-6, and IL-8 production by
HGF mediated by female sex hormones
has the potential to contribute to perio-
dontal disease progression during preg-
nancy. Further research is needed to
clarify the definitive molecular mecha-
nisms leading to the effects observed in
this study.
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