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Abstract

Background: The aim of the present study was to investigate bone resorption activity
(BRA), interleukin-1o (IL-1¢), IL-1f and interleukin-1 receptor antagonist (IL-1ra) in
gingival crevicular fluid (GCF) in sites with no signs of periodontol disease and in
sites with horizontal or angular loss of periodontal bone. These assessments were
performed before and after periodontal treatment.

Methods: GCFs were collected from 10 individuals with filter strips from two healthy
sites and four sites with deep pathological periodontal pockets, two of which showed
horizontal bone loss and two with angular bone loss. All diseased pockets were treated
with flap surgery and systemic Doxyferm®. Twelve months later GCF was collected
again and treatment outcome evaluated. BRA in GCFs was assessed in a bone organ
culture system by following the release of “>Ca from neonatal mouse calvariae. The
amounts of IL-1e, IL-1f and IL-1Ira in GCFs were quantified by enzyme-linked
immunosorbent assay (ELISA).

Results: Treatment resulted in reduction of pocket depths with 3.5 + 0.5 mm in sites
with angular bone loss and 2.8 £ 0.3 mm in sites with horizontal bone loss. Initially,
BRA, IL-1¢, IL-1f and IL-1ra were significantly higher in GCFs from diseased sites
compared with healthy sites. No differences in BRA and cytokine levels were seen
between GCFs from pockets with horizontal and angular bone losses. The levels of IL-
lo, IL-1f and IL-1ra were significantly reduced after treatment of diseased pockets.
Pocket depths were significantly correlated to BRA only in pre-treatment sites with
angular bone loss. BRA was correlated to Il-1a, IL-1f, but not to IL-1ra, in diseased
sites with angular bone loss, before and after treatment. The reductions of BRA in the
individual sites, seen after treatment, were not correlated to the reductions of I1-1¢, IL-
1p or IL-1ra.

Conclusions: These data show that BRA and cytokine levels are increased in GCFs
from sites with periodontal disease and that periodontal treatment results in reduction
of the cytokines. Our findings further indicate that IL-1o and IL-1f play important
roles for the BRA present in GCFs, but that other factors also contribute to this
activity.
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The aetiology of periodontontal disease
and the pathogenetic mechanisms af-
fecting disease progression still remain
unclear. It is, however, widely accepted
that microorganisms are important for

initiating and sustaining periodontal
disease and that the inflammatory pro-
cess is crucial for the destruction of the
mineralised and non-mineralised extra-
cellular matrices present in periodontal

tissues (Page 1991, Kornman et al.
2000). Bone tissue can only be resorbed
by osteoclasts and, therefore, if bone
loss is to occur in periodontitis a local
stimulation of osteoclastic formation
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and activity is required. Inflamed gingi-
val tissue contains numerous types of
inflammatory mediators, some of which
are able to stimulate bone resorption
and/or degradation of extracellular ma-
trix. Several molecules present in in-
flammatory process have been found to
stimulate bone resorption in vitro and in
vivo, including interleukin-1 (IL-1), IL-
6, IL-11, IL-17, oncostatin M (OSM),
leukemia inhibitory factor (LIF), tu-
mour necrosis factor (TNF-o, TNFE-f3),
macrophage colony-stimulating stimuli
factor (M-CSF), bradykinin, thrombin
and prostaglandins (PGs) (Martin et al.
1998, Lerner & Lundberg 2002, Hor-
owitz & Lorenzo 2002). The most
potent proinflammatory cytokines sti-
mulating bone resorption are interleu-
kin-loe (IL-10) and IL-1f (Martin et al.
1998, Horowitz & Lorenzo 2002). The
IL-1 cytokine gene family has three
members, IL-1a, IL-1f and IL-1 recep-
tor antagonist (IL-1ra), which are glyco-
proteins of approximately 17kDa and
which are the products of three different
genes. Two different receptor proteins
recognising IL-lo, IL-1f and IL-l1ra
have been identified (Dinarello 1997a).
Type 1 receptors are responsible for
signal transduction and cell activation,
whereas type II receptors, either mem-
brane bound or soluble, have little or no
agonist activity and therefore act as
decoy receptors (Dinarello 1997b).
Thus, the IL-1 receptor activity is
decreased both by the type II receptors,
which act as neutralising decoy recep-
tors, and by IL-1ra, which binds to the
IL-1 receptors, and thereby block IL-1
activation (Dinarello 1998).

IL-1 is a pleiotropic cytokine having
multiple biological activities including
stimulation of osteoclast recruitment
and activation. IL-1 also stimulates
fibroblast production of matrix metallo-
proteinases important for the degrada-
tion of non-mineralised extracellular
tissue (West-Mays et al. 1995). In
addition, IL-1 up-regulates expression
of intercellular adhesion molecule-1
(ICAM-1), wvascular cell adhesion
molecule-1 (VCAM-1) and E-selectin,
which makes it possible for the leuko-
cytes to bind to and penetrate through
the vascular wall into the area of
inflammation (Scholz et al. 1996).

Mononuclear leukocytes are the cells
mainly responsible for IL-1 production
in inflammatory processes, but this
cytokine can also be produced by a
large variety of cells including gingival
fibroblasts (Yucel-Lindberg et al. 1995).

Several studies have reported increased
levels of inflammatory mediators such
as IL-1 and prostaglandin E, (PGE,) in
gingival crevicular fluids (GCFs) from
diseased sites with periodontal bone loss
compared with healthy ones (Masada et
al. 1990, Shapira et al. 1994, Rasmussen
et al. 2000, Engebretson et al. 2002).
Furthermore, GCF from diseased sites
has been shown to stimulate bone
resorption in vitro to a higher degree
than GCFs from healthy sites (Lerner et
al. 1998, Rasmussen et al. 2000) and
one important factor responsible for this
bone resorbing activity (BRA) seemed
to be IL-1a.

The loss of bone tissue surrounding
the tooth can either be of a horizontal or
angular type. A pocket with an angular
bone loss appears to be more prone to
progression (Papapanou & Wennstrom
1991). Following non-surgical treatment
of diseased pocket sites, probing pocket
depth is less reduced over time in sites
with an angular type of bone loss
compared with pockets showing hori-
zontal bone loss (Ehnevid & Jansson,
1998). Mechanisms responsible for the
differences in progression between dis-
eased sites with angular or horizontal
bone loss are not known, but one
possibility may be that differences in
inflammatory mediators and BRA are
involved. The aims of the present study
were (i) to perform an intraindividual
study of the levels of IL-1a, IL-18, IL-
Ira and BRA activity in GCFs from
healthy and diseased sites presenting
horizontal or angular bone loss; (ii) to
study the effect of periodontal treatment
on the levels IL-1a, IL-1f, IL-1ra and
BRA in GCFs; (iii) to analyse if there is
any correlation between BRA and levels
of IL-la, IL-1f, IL-1ra and (iv) to
investigate if BRA activity and levels
of IL-1 in GCF can be related to probing
pocket depth.

Materials and Methods
Materials

o«-Modification of minimal essential
medium (MEM) was purchased from
Gibco, Life Technologies Ltd, Paisley,
UK; Whatman 3MM chromatography
paper from Whatman Lab. Sales Ltd,
Maidstone, UK; [*’Ca] CaCl, from
DuPont de Nemours, Brussels, Bel-
gium; the ELISA kits for human IL-
lo, IL-18 and IL-1ra from R&D Sys-
tems Europe Ltd, Abingdon, UK. In-
domethacin was a kind gift by Merck,

Sharp and Dohme BV, Haarlem, the
Netherlands.

Subjects and site selection

The study group consisted of 10 adult
patients, two women and eight men,
mean age 51 (46-66 years) with mod-
erate-to-advanced  periodontitis;  six
were smokers. All patients were
referred to the Department of perio-
dontology at Gévle county hospital for
periodontal treatment. Prior to referral,
the patients had received periodontal
treatment by dental hygienist, including
hygiene instruction, scaling and root
planing without showing clinical signs
of healing. To be included in the study,
at least four sites with ongoing perio-
dontal disease were required. Two of
these sites had to present horizontal
bone loss and two sites angular bone
loss. Furthermore, two sites with no
signs of periodontal disease were also
required. Sites with alveolar bone loss
>2mm measured from cemento-
enamel junction to the alveolar crest
on bitewing radiographs were regarded as
marginal bone loss (Killestal & Mats-
son 1989) and if the bone presented an
intraosseous defect >3 mm it was
regarded as being of an angular type.
Bone loss of a horizontal or angular
type and the corresponding pocket depth
=5 mm with bleeding on probing or pus
was regarded as a site with ongoing
disease. A site with bone loss, not
exceeding 2 mm, pocket depth <3 mm
and no bleeding on probing was
regarded as a healthy site. From each
patient, GCFs were harvested from two
diseased sites with horizontal bone loss,
two diseased sites with angular bone
loss and two healthy sites, before and 1
year after treatment. All patients were
treated with open flap surgery by the
same surgeon and systemic antibiotics,
Doxyferm@‘(Nordic Drugs, Limhamn,
Sweden) 100 mg/day was administered
for 15 days. After surgery, the patients
were instructed to rinse twice a day
with Corsodyl‘ﬁ (Glaxo SmithKline HB,
Molindal, Sweden) 0.2% for 3 months.
Professional hygiene procedure was
performed every fortnight during the
rinsing period. One year after treatment,
GCFs were collected in nine of the
subjects from the same sites that were
selected prior to treatment and pocket
depth at the sample sites was measured.
After initial examination, one of the
patients moved to Africa and could not
further participate in the study. One



tooth with angular bone loss had to be
extracted before the follow up examina-
tion due to acute infection. None of the
patients was suffering from systemic
illness. The patients had not received
periodontal treatment or antibiotics
within the preceding 6 months or any
anti-inflammatory drugs 3 weeks prior
to the study. All patients were informed
and gave their consent to participate in
the study. The study protocal was
approved by the ethics committee for
human research of Umea University.

GCF sampling and eluation

GCFs were sampled using a filter paper
technique. The paper strips were ob-
tained by cutting Whatman 3 MM
chromatography paper, to a dimension
of 2 x 8 mm (Griffiths et al. 1988).
Prior to sampling, supragingival bacter-
ial plaque was removed from the tooth
by cotton pellet and water. The area was
isolated with cotton rolls and saliva
ejector, to avoid saliva contamination
and the gingival surface gently dried
using an air syringe. A paper strip was
inserted into the gingival crevice until
mild resistance was felt and left in place
for 30s. The strip was then eluated with
200 ul of sterile NaCl as previously
described (Rasmussen et al. 2000).

Bone resorption bioassay

Bone resorption was quantified by
analysing the release of calcium from
cultured neonatal mouse calvariae. The
percentage release of “Ca from pre-
labelled bones was assessed by analys-
ing the release of “Ca from bones
dissected from mice that at an age of 1—
2 days were injected with 1.5 uCi **Ca.
Five days later, the mice were sacrificed
and six bone fragments were micro-
dissected from the parietal part of the
calvariae (Ljunggren et al. 1991). Then
the bones were preincubated in o-
modification of MEM («¢-MEM) con-
taining 0.1% albumin and 1M indo-
methacin (Lerner 1987). After 18-24h,
the bones were extensively washed and
placed in multiwell dishes containing
1.0ml «-MEM (added 0.1% albumin),
with or without sterile filtrated GCF
eluate. The bones were incubated for
96 h at 37°C in a humidified atmosphere
of 5% CO, in air. At the end of the
culture period, the amounts of isotope in
bones and in media were analysed using
a scintillation counter and the percen-
tage release of isotope was calculated
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Table 1. Pocket depth before and after treatment

Pocket depth mean value

vertical bone loss

horizontal

(mm) £ SE bone loss(mm) + SE
initial 8.1 £0.6 6.7+ 0.3
after treatment 47+ 04 3.8 +£0.2
difference initial — after treatment 3.5 £ 0.5 2.8 £ 0.3%**

=5, 20.001.

(Lerner 1987). The percentage release
data were recalculated and the results
expressed as percent of control, which
was set at 100%. This allowed for
accumulation of data from several
experiments. The ethical committee at
Umea University approved the animal
procedure.

Portions of GCF from healthy sites
and from sites with either vertical or
horizontal bone loss were diluted in o-
MEM and assayed for bone resorbing
activity. Each GCF sample was tested
for its effect on bone resorption in five
different bone fragments and the aver-
age of the percentage release in these
five bones was compared with the
average percentage release in five bones
cultured in basic medium without any
GCF (controls).

Enzyme-linked immunosorbent assay
(ELISA) of IL-1a, IL-1$ and IL-1ra

The IL-1a and IL-1f concentrations in
GCF eluates were assessed by using
commercially available ELISA Kkits.
These assays detect levels of IL-la
and IL-1§ as low as 0.3 pg/ml. Accord-
ing to the manufacturer, the assays do
not show any significant cross-reactivity
to a wide spectrum of different related
cytokines. The concentrations of IL-1ra
in GCF eluates were analysed using a
commercially available ELISA kit and
by following the instructions supplied
by the manufacturer. The sensitivity of
this assay is 14 pg/mL.

Statistical analyses

Data were collected and transferred to a
spreadsheet program on a personal
computer. For data analysing StatView
5.0 for windows was used. The values
for BRA activity and IL-1 levels
showed large standard deviations and
skewed distribution. Wilcoxon’s signed
rank test was used to investigate differ-
ences of BRA and levels of IL-1a, 1I-15

and IL-1ra between diseased sites with
different types of bone loss and healthy
sites, further more to analyse changes of
these parameters in the individual site
before and after treatment. Bonferroni’s
correction for multiple testing was taken
into account where appropriate. The
non-parametric Spearman coefficient
for ranked data was used to analyse
correlations between BRA activity and
IL-1 levels and between BRA activity,
IL-1 levels and probing pocket depth
before and after treatment. p-Values less
than 0.05 were considered to indicate
statistical significance.

Results

In the initial analysis using GCFs
harvested before treatment, the GCF
eluates were tested in a series of
different concentrations (0.01-1%) and
the GCFs from diseased sites caused
concentration-dependent stimulation of
BCa release (data not shown), in
agreement with previous observations
(Lerner et al. 1998, Rasmussen et al.
2000). The GCF eluates harvested
before treatment from sites with hor-
izontal and vertical bone loss caused a
1.81- and 1.96-fold stimulation, respec-
tively, of 4Ca release when tested at a
concentration of 1% (Fig. la). There
was no statistically significant differ-
ence between GCFs from sites with
vertical and horizontal bone losses. In
agreement with these data, there was
likewise no significant difference be-
tween the bone resorbing activity in
GCFs from sites with horizontal and
vertical bone losses when assayed at a
concentration of 0.3% (data not shown).
GCFs from clinically healthy sites did
not cause any stimulation of $Ca
release (Fig. 1a).

Of the 20 sites assayed for BRA
before treatment, 18 healthy sites, 18
sites with horizontal bone loss and 17
sites with angular bone loss were
assayed for BRA 12 months after
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Fig. 1. The effect on **Ca release from neonatal mouse calvariae by gingival crevicular fluid eluates from sites with no signs of periodontal
disease (healthy) and from sites with horizontal bone loss and sites with angular bone loss before treatment (a). Values shown represent mean
values and SEM for 20 sites in each group. The stimulatory effect of eluates from the two diseased groups was statistically significantly
higher than eluates from healthy sites (p <0.001). In (b) is shown the effect on *°Ca release from the bones of eluates from 18 sites with
horizontal bone loss before and 12 months after treatment. In (c) is shown the effect on 4Ca release from the bones of eluates from 17 sites
with angular bone loss before and 12 months after treatment. There was statistically significant difference between values before and after
treatment only for the diseased pockets with horizontal bone loss. In (d) is shown the effect on **Ca release from the bones of eluates from
healthy sites before and 12 months after treatment.
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Fig. 2. The amount of interleukin-lor (IL-1a) in gingival crevicular fluids (GCFs) from sites with healthy gingiva and from sites with
horizontal or vertical bone loss before treatment (a). Values represent means = SEM for 19 sites in each group. The amounts of IL-Ia in the
sites from the two diseased groups were significantly different from healthy sites (p <0.001). In (b)—(d) are shown the amounts of IL-1« in
GCFs before and 12 months after treatment. The decrease after treatment was statistically signficant for both diseased sites (p <0.001).

treatment. Of the 18 sites with horizon-
tal bone loss, 15 showed a reduction of
BRA after treatment, one exhibited
increased BRA and two did not show
any difference (Fig. 1b). In the 17 sites
with angular bone loss, 13 sites showed
a reduction of BRA after treatment and
four an increase (Fig. 1c). When the

“3Ca release values before and after
treatment were compared in the both
types of diseased sites, there was
statistically significant difference be-
tween pre- and post-treatment values
only for those with horizontal bone loss
(»<0.01) (Figs. 1b,c). In healthy sites,
no significant stimulation of “Ca

release was seen, neither before nor
after treatment (Fig. 1d).

The amount of IL-1¢ in GCFs before
treatment, both from sites with horizon-
tal and angular bone losses, was sig-
nificantly (p<0.001) higher compared
with healthy sites (Fig. 2a). Treatment
resulted in a substantial decrease of
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Fig. 3. The amount of interleukin-1f (IL-1p) in gingival crevicular fluids (GCFs) from sites with healthy gingiva and from sites with
horizontal or vertical bone loss before treatment (a). Values represent means = SEM for 19 sites in each group. The amounts of IL-1§ in the
sites from the two diseased groups were significantly different from healthy sites (p <0.001). In (b)—(d) are shown the amounts of IL-1f in
GCFs before and 12 months after treatment. The decrease after treatment was statistically significant for both diseased sites showing
horizontal (p<0.001) and angular bone loss (p<0.01).

50 Haorizontal bone loss Angular bone loss Healthy
120 ¢ 120 120 ¢
40
100 + 100 100 t
E a0t
g 80 PR P
g E E E
< 20¢ =) o o
4 £ et £ £ &
(o] ] ]
1 £ S
< ~ A ~
1oF = 40t = 40 \ = 40
- 5 Y
AN
20+ 20 pov 20+
XY
<F TR S on SO
Befare After Befare After ‘ Before After
(a) (b) treatment treatment (c) treatment  treatment (d) treatment  treatment

Fig. 4. The amount of interleukin-1 receptor antagonist (IL-1ra) in gingival crevicular fluids from sites with healthy gingiva and from sites
with horizontal or vertical bone loss before treatment (a). Values represent means + SEM for 19 sites in each group. The amounts of IL-1ra
concentrations in the sites from the two diseased groups were significantly different from healthy sites (p <0.001). In (b)—(d) are shown the
amount of IL-1ra in gingival crevicular fluids before and 12 months after treatment. The decrease after treatment was statistically significant
only for diseased sites with horizontal bone loss (p <0.01).

IL-1o in GCFs from all horizontal and
angular sites (Fig. 2b). The decrease
was significant (p <0.001) in both types
of diseased sites. After treatment, there
was no significant difference in IL-1o
from healthy and diseased sites (Fig.
2b—d).

The amount of IL-1f in GCFs before
treatment from sites with horizontal and
angular bone losses was significantly

(»<0.001) higher compared with
healthy sites (Fig. 3a). Treatment of
sites with horizontal breakdown resulted
in a reduction of IL-1p levels in 15 sites,
no change in two (Fig. 3b). In sites with
angular bone loss, 13 sites showed
reduction in IL-1f levels, one site an
increase and no change was seen in two
sites (Fig. 3c). The decrease in both
types of diseased sites was significantly

(»<0.001 and p<0.01, respectively)
reduced after treatment. After treatment,
however, the levels of IL-1f were still
significantly (p<0.01) higher in dis-
eased sites compared with healthy ones
(Fig. 3b—d).

Before treatment, levels of IL-1ra
were also significantly higher (p<
0.001) in diseased sites compared with
healthy ones (Fig. 4a). Treatment of
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sites with horizontal bone loss resulted
in reduction of the IL-1ra levels in 14
sites and an increase in two sites (Fig.
4b). In sites with angular bone loss,
reduction was seen in 12 sites, an
increase in two sites and no changes
was noted in two sites (Fig. 4c).
Treatment resulted in statistically sig-
nificant reduction in diseased sites
showing  horizontal  bone  loss
(p<0.01). After treatment, the differ-
ences between healthy and diseased
sites persisted only for sites with
angular bone loss (p <0.002; Fig. 4b—d).

Initially, mean probing pockets depth
was significantly deeper in pockets
presenting angular bone loss compared
with sites with horizontal loss, 8.1 + 0.6
and 6.7 & 0.3 mm, respectively. Treat-
ment resulted in a significant decrease
of 3.5+ 0.5mm (p<0.001) in sites
showing angular bone loss and
2.8 £ 0.3mm (p<0.001) in sites with
horizontal bone loss (Table 1). The
BRA in pre-treatment GCFs from sites
with angular breakdown was signifi-
cantly correlated to the pocket depth
before treatment (p <0.01, ;= 0.52). In
contrast, no such correlation was seen
between BRA and pocket depth in sites
with horizontal breakdown. After treat-
ment no correlation between BRA and
pocket depths were seen.

There were significant correlations
between BRA and IL-1a, IL-1§ in the
diseased sites with angular bone loss
before (p<0.014; r,=0.58 and
p<0.0013; r,=0.76, respectively) and
after treatment (p<0.016; r,= 0.6 and
p<0.008; ry=0.66, respectively).
However, there were no significant
correlations between the individual
changes in each site of BRA and the
corresponding changes of IL-1o, IL-1f
and IL-1ra.

Discussion

Periodontal disease is associated with
increased levels in GCFs of a variety of
molecules involved in inflammatory and
immune responses, as well as markers
reflecting tissue destruction. In an
attempt to elucidate which factors in
inflammatory processes are responsible
for stimulation of osteoclastic bone
resorption we have studied the presence
of BRA in different inflammatory exu-
dates. Recently, we have found that
GCFs collected from patients with adult
peridontitis, when added to neonatal
mouse calvarial bones in vitro, stimulate

osteoclastic dependent bone resorption
(Lerner et al. 1998, Rasmussen et al.
2000). Similarly, we have found that
synovial fluids from patients with
osteoarthritis, rheumatoid arthritis or
loosened hip or knee joint prosthesis
stimulate bone resorption in mouse
calvariae (Lerner et al., in preparation).
In agreement with our previous studies,
we found in the present investigation
that GCF collected from sites with
periodontal disease stimulates bone
resorption. Since it is has been claimed
that the progression of bone loss is more
severe in sites with an angular type of
destruction compared with those with
the horizontal breakdown (Papapanou &
Wennstrom 1991), we compared intra-
individually the amount of BRA in
GCFs from these two types of sites.
However, we were unable to reveal any
significant differences in BRA from
these sites.

Also in agreement with previous
observations from our laboratory as
well as others (Lerner et al. 1998,
Engebretson et al. 2002), we found
significantly increased levels of IL-1a
and IL-1f in GCFs from sites with
periodontal disease. Similar to BRA, no
differences in IL-1o and IL-1 levels in
GCFs from sites with horizontal and
angular breakdown could be found,
suggesting that there are no differences
in the proinflammatory molecules pre-
sent in granulation tissues in pockets
with horizontal or angular bone loss.
We have previously reported that IL-
Ira, as well as antisera neutralising IL-
lo, strongly inhibit the BRA in GCFs
collected from patients with periodontal
disease, indicating that IL-1 may be an
important molecule in the GCFs respon-
sible for activation of bone resorption
(Rasmussen et al. 2000). In the present
study, we noted significant correlations
between BRA and levels of IL-1 o and
IL-1p for sites showing angular bone
loss, both before and after treatment. In
sites with horizontal bone loss, there
was a significant correlation only be-
tween BRA and IL-1§ levels after
treatment, indicating that IL-1s are not
the sole stimulator of bone resorption
present in GCFs. The fact that pocket
depth was significantly deeper in sites
with angular bone loss might have
contributed to the observed differences
in correlations between BRA and IL-1s.
In the present study, changes of BRA
after treatment in the individual site did
not correspond to the changes of IL-1
levels, further indicating that molecules

other than IL-1 are involved in the
stimulation of BRA, in line with
previous observations from our group
(Rasmussen et al. 2000). The observa-
tion demonstrating that IL-1ra and
antisera neutralising IL-lo inhibit the
BRA in GCFs was based upon observa-
tions with GCFs pooled from several
patients. In on-going studies, we have
observed, using GCFs from individual
sites, large variabilities in the suscept-
ibility to inhibition by antisera neutra-
lising IL-lo, IL-18, or in the
susceptibility to inhibition by IL-1ra,
well in line with findings in the present
study. These findings together suggest
that factors besides IL-1o and IL-1p are
also important for the capacity of GCFs
to stimulate bone resorption in neonatal
mouse calvariae. Further studies are
required to elucidate the nature of such
factor(s). We have in a previous study
excluded the possibility that PGs con-
tribute to BRA in GCFs (Rasmussen et
al. 2000). This does not mean that PGs
are not of importance in vitro since PGs
are likely to be downstream mediators
for several of the cytokines and kinins
that stimulate bone resorption.

Interestingly, we have found that
synovial fluids from patients with loo-
sened hip prosthesis, another example
of an inflammatory exudate, also stimu-
late bone resorption in neonatal mouse
calvariae. The BRA present in the
synovial fluids cannot be inhibited by
antisera neutralising IL-lo or IL-1f
(Anderssson et al., in preparation).
Studies performed so far indicate an
interindividual heterogeneity in the
factors responsible for BRA in synovial
fluids. It might very well be that
different molecules are responsible for
the BRA also in GCFs from different
patients/sites.

In line with the increased levels of
IL-1ra observed in synovial fluids and in
serum from patients with rheumatoid
arthritis (Malyak et al. 1993, Seitz et al.
1996), we found a 26-28-fold enhance-
ment of IL-1ra in GCFs from patients
with periodontal disease, with no differ-
ences observed for sites with horizontal
and angular breakdown of bone. Thus, it
seems that the IL-1 receptor agonists, as
well as the IL-1 receptor antagonist, are
increased in both periodontal disease
and rheumatoid arthritis. It should,
however, be noted that the concentra-
tion of the receptor antagonist is con-
siderably (at least x 50) higher than
the receptor ligands. The fact that IL-1
bioactivity still is present is explained



by the lower affinity of the antagonist to
the receptors as compared with the
agonists. Surprisingly, it has recently
been reported that IL-1ra in GCFs is
decreased in sites with periodontal
disease (Rawlinson et al. 2000). How-
ever, our data showing increased IL-1ra
are in line with those of Ishihara et al.
(Ishihara et al. 1997). We have no
explanation at present to the divergent
observations.

Although we do not know, yet,
whether or not the BRA that we can
detect in GCFs is identical to the
activity that is responsible for osteoclast
activation in vivo, it is interesting to
note that, 12 months after treatment, the
amount of BRA was decreased in 28 out
of 35 sites. The reductions of BRA were
paralleled by reductions of the pocket
depths. As regards BRA in GCFs from
sites with angular breakdown, there was
a significant correlation with the pre-
treatment pocket depths. This correla-
tion was not present 12 months after
treatment, which might be due to the
large reductions in pocket depths as
compared with the decreases in BRA. It
will be interesting to follow pocket
depths and bone loss in the future in
relation to BRA pre- and post-treatment.
The post-treatment samples were har-
vested 12 months after operation and
the fact that the amounts of BRA were
not decreased to baseline values indi-
cates that some of the patients might not
be in remission, which in turn might
influence the relationship between BRA
and pocket depth. Presently, we are
measuring pre- and post-treatment
levels of BRA at shorter periods of
time after operation.

Treatment resulted in not only
decreased amounts of BRA but also of
IL-1a, IL-18 and IL-Ira, although the
reductions did not reach statistical
significance for IL-1ra in diseased sites
with angular bone loss due to the large
variabilities. The levels of IL-1a and IL-
1 were decreased almost to those seen
in healthy patients, whereas the amount
of BRA was only partially decreased,
further supporting the view that IL-1s
are not the sole factors responsible for
BRA. This is the first report demonstrat-
ing reductions of GCF cytokines after
surgical treatment. In contrast, a recent
study indicates that non-surgical me-
chanical therapy does not seem to
reduce IL-1f in GCFs over a period of
3 month, unless smokers were excluded
(Al-Shammari et al. 2001). In the
present study, significant reduction of

Bone resorbing activity in gingival crevicular fluids

BRA after treatment was only seen in
diseased sites with horizontal bone loss.
Similarly, Al-Shammari et al. were
unable to obtain any reduction of ICTP
(a biochemical marker of bone resorp-
tion), although treatment resulted in
reduction of clinical parameters in both
studies).

In summary, we have demonstrated
increased levels of activity(ies) stimu-
lating bone resorption in vitro as well as
of IL-1a, IL-1§ and IL-1ra in GCFs
from patients with periodontal disease,
with no differences in sites with hor-
izontal or angular breakdown of bone.
The levels of the cytokines were
decreased 12 months after treatment.

Acknowledgments

This project was supported by grants
from the Swedish Science Council
(projects mno. 07525), the Swedish
Rheumatism Association, the Royal 80
Year Found of King Gustav V, and the
County Councils of Visterbotten and
Research and Development Centre,
County Council of Givleborg. The
skilful technical assistance of Mrs
Birgit Andertun and the careful draw-

ing of illustrations by Mrs Ingrid
Bostrom are highly appreciated.
References

Al-Shammari, K. F., Giannobile, W. V.,

Aldredge, W. A., Iacono, V. J., Eber, R.
M., Wang, H. L. & Oringer, R. J. (2001)
Effect of non-surgical periodontal therapy on
C-telopeptide pyridinoline cross-links (ICTP)
and interleukin-1 levels. Journal of Perio-
dontology 72, 1045-1051.

Dinarello, C. A. (1997a) Induction of interleu-
kin-1 and interleukin-1 receptor antagonist.
Seminars in Oncology 24, S9-81-S89-93.

Dinarello, C. A. (1997b) Interleukin-1. Cyto-
kine Growth Factor Review 8, 253-265.

Dinarello, C. A. (1998) Interleukin-1, interleu-
kin-1 receptors and interleukin-1 receptor
antagonist. International Reviews of Immu-
nology 16, 457-499.

Ehnevid, H. & Jansson, L. (1998) Effects of
proximal vertical destructions on periodontal
status and healing in adjacent proximal sites
with horizontal destruction. Journal of Clin-
ical Periodontology 25, 571-577.

Engebretson, S. P., Grbic, J. T., Singer, R. &
Lamster, I. B. (2002) GCF IL-1beta profiles
in periodontal disease. Journal of Clinical
Periodontology 29, 48-53.

Griffiths, G. S., Curtis, M. A. & Wilton, J. M.
(1988) Selection of a filter paper with
optimum properties for the collection of
gingival crevicular fluid. Journal of Perio-
dontal Research 23, 33-38.

481

Horowitz, J. & Lorenzo, J. A. (2002) Local
regulators of bone: IL-1, TNF, lymphotoxin,
interferon-g, IL-8, IL-10, IL-4, the LIF/IL-6
family, and additional cytokines. In: Princi-
ples of Bone Biology, 2nd edition, eds.
Bilezikian, J. P., Raisz, L. G. & Rodan, G.
A., pp. 961-978. San Diego: Academic Press.

Ishihara, Y., Nishihara, T., Kuroyanagi, T.,
Shirozu, N., Yamagishi, E., Ohguchi, M.,
Koide, M., Ueda, N., Amano, K. & Noguchi,
T. (1997) Gingival crevicular interleukin-1 and
interleukin-1 receptor antagonist levels in
periodontally healthy and diseased sites. Jour-
nal of Periodontal Research 32, 524-529.

Killestal, C. & Matsson, L. (1989) Criteria for
assessment of interproximal bone loss on
bite-wing radiographs in adolescents. Journal
of Clinical Periodontology 16, 300-304.

Kornman, K. S., Page, R. C. & Tonetti, M. S.
(2000) The host response to the microbial
challenge in periodontitis: assembling the
players. Periodontology 14, 33-53.

Lerner, U. H. (1987) Modifications of the mouse
calvarial technique improve the responsive-
ness to stimulators of bone resorption. Jour-
nal of Bone Mineral Research 2, 375-383.

Lerner, U. H. & Lundberg, P. (2002) Kinins and
neuro-osteogenic factors. In: Principles of
Bone Biology, 2nd edition, eds. Bilezikian, J.
P., Raisz, L. G. & Rodan, G. A., pp. 773—
799. San Diego: Academic Press.

Lerner, U. H., Modeer, T., Krekmanova, L.,
Claesson, R. & Rasmussen, L. (1998)
Gingival crevicular fluid from patients with
periodontitis contains bone resorbing activ-
ity. European Journal of Oral Science 106,
778-787.

Ljunggren, O., Ransjo, M. & Lerner, U. H.
(1991) In vitro studies on bone resorption in
neonatal mouse calvariae using a modified
dissection technique giving four samples of
bone from each calvaria. Journal of Bone
Mineral Research 6, 543-550.

Malyak, M., Swaney, R. E. & Arend, W. P.
(1993) Levels of synovial fluid interleukin-1
receptor antagonist in rheumatoid arthritis
and other arthropathies. Potential contribu-
tion from synovial fluid neutrophils. Arthritis
and Rheumatism 36, 781-789.

Martin, T. J., Romas, E. & Gillespie, M. T.
(1998) Interleukins in the control of osteo-
clast differentiation. Critical Review of
Eukaryote Gene Expression 8, 107-123.

Masada, M. P., Persson, R., Kenney, J. S., Lee, S.
W., Page, R. C. & Allison, A. C. (1990) Mea-
surement of interleukin-1 alpha and -1 beta in
gingival crevicular fluid: implications for the
pathogenesis of periodontal disease. Journal
of Periodontal Research 25, 156-163.

Page, R. C. (1991) The role of inflammatory
mediators in the pathogenesis of periodontal
disease. Journal of Periodontal Research 26,
230-242.

Papapanou, P. N. & Wennstrom, J. L. (1991)
The angular bony defect as indicator of
further alveolar bone loss. Journal of Clinical
Periodontology 18, 317-322.

Rasmussen, L., Hinstrom, L. & Lerner, U. H.
(2000) Characterization of bone resorbing
activity in gingival crevicular fluid from



482 A Holmlund et al.

patients with periodontitis. Journal of Clin-
ical Periodontology 27, 41-52.

Rawlinson, A., Dalati, M. H., Rahman, S.,
Walsh, T. F. & Fairclough, A. L. (2000)
Interleukin-1 and IL-1 receptor antagonist in
gingival crevicular fluid. Journal of Clinical
Periodontology 27, 738-743.

Scholz, D., Devaux, B., Hirche, A., Potzsch, B.,
Kropp, B., Schaper, W. & Schaper, J. (1996)
Expression of adhesion molecules is specific
and time-dependent in cytokine-stimulated
endothelial cells in culture. Cell Tissue
Research 284, 415-423.

Seitz, M., Loetscher, P., Dewald, B., Towbin,
H., Rordorf, C., Gallati, H. & Gerber, N. J.
(1996) Interleukin 1 (IL-1) receptor antago-
nist, soluble tumor necrosis factor receptors,

IL-1 beta, and IL-8-markers of remission in
rheumatoid arthritis during treatment with
methotrexate. Journal of Rheumatology 23,
1512-1516.

Shapira, L., Soskolne, W. A., Sela, M. N.,

Offenbacher, S. & Barak, V. (1994) The
secretion of PGE,, IL-1 beta, IL-6, and TNF
alpha by adherent mononuclear cells from
early onset periodontitis patients. Journal of
Periodontology 65, 139-146.

West-Mays, J. A., Strissel, K. J., Sadow, P. M.

& Fini, M. E. (1995) Competence for
collagenase gene expression by tissue fibro-
blasts requires activation of an interleukin 1
alpha autocrine loop. Proceedings of the
National Academy of Sciences of the United
States of America 92, 6768-6772.

Yucel-Lindberg, T., Lerner, U. H. & Modeer, T.
(1995) Effects and interactions of tumour
necrosis factor alpha and bradykinin on
interleukin-1 production in gingival fibro-
blasts. Journal of Periodontal Research 30,
186-191.

Address:

Anders Holmlund

Departartment of Periodontology
County Hospital 801 87

Gavle

Sweden

Fax: +46 26 155347

E-mail: anders.holmlund@lg.se



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



