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CORRELATION OF INTERLEUKIN-1 3, INTERLEUKIN-6,
AND PERIODONTITIS

Ching-Charng Chen, Kee-Lung Chang*, Jeng-Fen Huang**,
Jiing-Sheng Huang and Chi-Cheng Tsai

In order to understand the role of IL-15 and IL-6 in the periodontal tissue destruc-
tion coincident to periodontitis, we assessed the levels of these two mediators in both
the gingival tissue and the serum of patients with periodontal disease and of periodon-
tally healthy subjects. In addition, production of IL-6 by six healthy human gingival
fibroblast (HGF) strains in response to IL-15 was also investigated. The levels of IL-1
6 and IL-6 in gingival tissues and in serum were examined by ELISA. Both mediators
were observed to increase in diseased tissues of patients with adult periodontitis, and
there was a positively significant relationship between both mediators and clinical
assessments of periodontal destruction. Moreover, a significant correlation was also
noted between levels of IL-15 and IL-6 in gingival tissues of periodontitis patients (r=
0.4334, p < 0.01). However, there was no significant difference in the serum levels of
IL-18 and IL-6 between periodontitis patients and periodontally healthy controls. In
fibroblast cultures, confluent monolayers of HGF were incubated with recombinant
human IL-13 for 48 h at 37°C in 5% CO; and air. At the end of the culture period,
supernatants were collected and assayed for IL-6 activity by inducing proliferation in
the IL-6-dependent hybridoma cell line 7TD1. A dose-dependent stimulatory effect
of IL-15 on IL-6 production by HGF was noted, wherein 3 strains exhibited higher IL-
6 activity than the other 3. These data indicate that the levels of IL-18 and IL-6 in
gingival tissues are closely related to the severity of periodontal disease and that the
IL-16and IL-6 produced in gingival tissues may not reflect these two mediators levels
in serum. Moreover, IL-1 5 responsiveness of HGF In IL-6 production depends on
both the concentration of IL-1 8 and cells of individual subjects. Since HGF are
present in periodontal lesion, it is possible that IL-6 secretion stimulated by exposure
to inflammatory cell products such as IL-1§ may participate in the destruction of peri-
odontal tissue in periodontitis.
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Interleukin-18 (IL-18) is a pro-inflamma-
tory cytokine which has extensive biological
activities, such as the induction of lymphocyte
proliferation, chemotaxis of macrophages, regu-
lation of cell metabolism of connective tissue,
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stimulation of prostaglandin and collagenase
release from fibroblasts, and stimulation of
bone resorption!"?). Recently, a role for IL-15 in
the pathogenesis of the periodontal disease has
been explored. The level of IL-1 g was found to
be elevated in gingival tissues from patients with
periodontitis as compared to clinically healthy
subjects*?. A similar result was observed from
active periodontitis sites versus inflamed stable
sites®. Also, it has been observed to be
increased in human gingival crevicular fluid
(GCF) from the inflamed sites but decreased
after periodontal treatment’?.

Interleukin-6 (IL-6) is also a pleiotropic
cytokine that stimulates B cell differentiation
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and T cell activation as well as hepatocyte
production of acute phase proteins'?. In addi-
tion, it can induce bone resorption, both by itself
and in conjunction with other bone-resorbing
agents®®1D_ Spontaneous production of IL-6 has
been reported in mononuclear cells isolated from
inflamed gingival tissues of patients with peri-
odontitis!?). The presence of IL-6 bearing cells
in inflamed gingival tissue also has been demon-
strated by other researches!>'¥. In a longitudi-
nal study, IL-6 content in GCF was found to be
correlated with the severity of periodontal
disease!™. On the contrary, Guillot et al.'®
revealed that, following Phase I periodontal ther-
apy, IL-6 levels in GCF were significantly
greater at resolved than at unresolved gingival
sites; however, IL-6 tissue levels were sighifi-
cantly greater at unresolved than in resolved
gingival sites. Thus, IL-6 accumulation within
gingival connective tissue may be a factor in fail-
ure of sites of periodontal disease to resolve
following conservative therapy.

So far, few studies have attempted to corre-
late gingival tissue IL-6 with clinical periodon-
tal parameters, and to examine IL-6 production
locally and systemically in order to investigate
the possible role of IL-6 in the pathogenesis of
periodontal disease.

Recent studies have demonstrated that IL-1,
tumor necrosis factor-a (TNF-e) and bacterial
lipopolysaccharide (LPS) can activate in
human gingival fibroblasts (HGF), which are
the predominant cells in gingiva, to release
IL-6(101317.18) 11 .6 mRNA and protein have
been observed to be increased in inflamed
gingival tissues, which notably included fibrob-
lasts'®. Thus, HGF can be included in the
cytokine network, and IL-6 derived from HGF
may play an important role in the mediation of
inflammatory and immune responses. However,
there is little information regarding the regula-
tion and the donor variability in IL-6 produc-
tion by HGF treated with IL-18.

The present study was designed to quantify
the levels of IL-1 4 and IL-6 in the gingival
tissues and serum obtained from patients with
adult periodontitis. In addition, we also exam-
ined IL-6 production by six primary cultures of
HGF following stimulation with IL-15.

MATERIALS AND METHODS

Patients and biopsies

This study consisted of 48 patients includ-
ing 33 with adult periodontitis (20 males and 13
females, ages 33 to 50 years, mean age 41.5
years) and 15 periodontally healthy controls (9
males and 6 females, ages 22 to 49 years, mean
age 38.7 years). All subjects were systemically
healthy and had not received either periodontal
therapy or antibiotics in the 3-month period
prior to the study. Before treatment for periodon-
titis patients, replicate probing depth (PD) and
attachment level (AL) measurements were
obtained from 6 sites per tooth®® .The sites
were classified as diseased on the basis of the
following criteria: PD and AL = 4mm, bleeding
on probing, and radiographic evidence of more
than 30% bone loss (BL) using the technique of
Schei et al.®!). Diseased gingival tissues were
obtained at the time of periodontal surgery
approximately four weeks after initial therapy
consisting of scaling, root planing and oral
hygiene instruction. Most of the sampling sites
still exhibited bleeding on gentle probing. Prior
to surgery, PD and AL were re-recorded at the
sampling sites, and the values were taken as a
basis for the analysis. Fifteen controls without
gingival inflammation required crown lengthen-
ing procedures (CLP) for crown restoration and
served as a source of healthy tissue. All healthy
sites had probing depth less than 3 mm and no
bleeding was observed on probing. The
informed consent of each patient to use tissue
which would otherwise be discarded was
obtained at the time of surgery. A written expla-
nation of the purpose of the study was provided
for each subject and signed consent was
obtained.

Tissue sample collection and extract prepa-
ration

Fifteen tissue samples from the periodon-
tally healthy subjects were obtained during
CLP. Thirty-three tissue samples were also
obtained from the diseased sites of periodontitis
patients while carrying out the periodontal
surgery. Additionally, 8 non-diseased gingival
tissues from the periodontitis patients were also
taken. In this study, the periodontal conditions
of non-diseased sites were observed to fulfil the
criteria of periodontally healthy sites. However,
since the patients in this study had extensive
disease, completely healthy sites were rare and
were often found to be located outside the area
of surgery. Moreover, many of the healthy sites
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sampled during surgery yielded tissue which
was insufficient for analysis. Thus, tissue
samples from only 8 healthy sites were available
for analysis. All the tissue samples were
removed and processed individually. Tissues
were rinsed in RPMI 1640 medium containing
gentamycin (50 p g/ml), freed of clots and
debris, blotted, weighed, and immediately
frozen and stored in liquid N2.

For extract preparation, the tissues were
finely minced with a scalpel and the resulting
fragments were homogenized in RPMI 1640 by
using a homogenizer. The homogenate was then
placed on ice and was subjected to 60 seconds
sonication to further disaggregate the tissues.
This procedure caused complete tissue disper-
sion and cell lysis, and liberated cytokines from
both inter- and intracellular compartments.
After centrifugation, the supernatant was
collected. The protein concentration of the
supernatants was determined (Bio-Rad Laborato-
ries, Inc., California, USA) by measuring the
absorbance at 595 nm. The supernatants were
analysed for IL-1 6 and IL-6 content by using
ELISA.

Sera

We also took the serum samples from 10
periodontitis patients and 10 periodontally
healthy subjects at the time of the periodontal
surgery. Immediately prior to surgery, a 5 ml
sample of intravenous blood was drawn with a
vacutainer from the antecubital fossa of each
patient. Blood was centriguged at 400 x g for 10
min. and serum was separated. All serum
samples were stored at-70°C for later determina-
tion of IL-14 and IL-6 levels.

Immunoassay of IL-15 and IL-6 for tissue
supernatants and sera

Assays for IL-18 and IL-6 were carried out
according to the manufacturer’s instructions
(Amersham International, Buckinghamshire,
England) and optical densities were measured at
450 nm using a spectrophotometer (SLT Labin-
struments, Grodig, Austria). The lower limit of
detection in the IL-18 assay was 0.3 pg/ml, and
that in the IL-6 assay was 0.7 pg/ml. All samples
were tested in duplicate, and the amount of
cytokine present in each sample was determined
by comparison with a standard curve
constructed for each assay. The IL-1£ and IL-6
contents were expressed as pg/mg protein in

tissue samples, and pg/ml in sera.
Fibroblast cultures

Fibroblasts derived from healthy gingiva
were obtained during CLP of six periodontally
healthy subjects. Each tissue explant was incu-
bated in a 60 mm petri-dish in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented
with 10% heat-inactivated fetal calf serum
(FCS), 100 g streptomycin/ml, 100 units peni-
cillin/ml, and 50 s g/ml gentamycin at 37 °C in
humidified air containing 5% COa,. The cultures
were incubated until cells migrating from pieces
had formed a confluent monolayer. The mono-
layers were passaged by treatment with trypsin,
and cells in passage 4, 5 and 6 were used sepa-
rately for these experiments.

Conditioned culture medium to be tested for
IL-6 activity was obtained by plating the cells in
triplicate into 24-well plates for each experiment
at an initial density of 50,000 cells per well.
The cells were allowed to attach and to reach
confluence in an incubator for approximately 4
days at 37 °C in a 5% CO, atmosphere. After
cultivation, the medium was removed and
replaced with fresh DMEM containing 10%
FCS and recombinant human IL-1 8 (rIL-18)
(Boehringer Mannheim Biochemica, Germany)
at a final concentration of 0.05, 0.5, 5, 50 or
500 units/ml (rIL-1 8: 0 unit/ml as a control).
The cells were further cultured for 48 h. The
culture supernatants (conditioned medium) were
harvested after being centrifuged at 800 x g for
10 min, and immediately frozen at-70 °C until
assayed.

Bioassay of IL-6 for culture supernatants

This assay is based on the ability of IL-6 to
induce proliferation in the IL-6-dependent
hybridoma cell line 7TDI??. Briefly, 50l super-
natant was added to 2 x 10° 7TDI cells in 50l
RPMI 1640 supplemented with 10% FCS. Each
control and sample in the microwell plates
comprised 6 replicate wells. After 3 days, the
proliferation of cells was evaluated by the MTT
dye (Boehringer Mannheim Biochemica,
Germany) technique using an ELISA plate
reader®®. Results were expressed as IL-6 units/
ml by inclusion of a standard curve of recombi-
nant human IL-6 (rIL-6) (Boehringer
Mannheim Biochemica, Germany) in each assay.
The sensitivity of 7TDI cells to IL-18 was deter-
mined by adding rIL-1 8 in various concentra-
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tions (0.05 to 500 units/ml) to serial dilutions of
rIL-6 (1000 to 0.001 units/ml) and testing these
in the 7TDI assay. We found that rIL-18 had no
effect on the 7TDl assay irrespective of the
extent of dilution of rIL-6.

Neutralization of IL-6 activity by anti-IL-6
antibody

To identify the IL-6 activity, serial dilu-
tions of HGF culture supernatant (incubated
with 50 units/ml rIL-1 §) were incubated with
and without anti-IL-6 antibody (0.1 s g/ml)
(Boehringer Mannheim Biochemica, Germany)
at 4 °C overnight. 7TDI cells were then added
and cultured as described above.

Statistical analysis

Analysis of the data was performed by using
the statistical package SPSS (SPSS Inc.,
Microsoft Corp., Chicago, USA). The Mann-
Whitney U-test was used to find the differences
in IL-18 and IL-6 levels. The correlation among
the levels of cytokines and clinical periodontal
measurements were assessed by using the Pear-
son product moment correlation coefficient. The
relationship between IL-16and IL-6 was exam-
ined by linear regression analysis.

RESULTS

Levels of IL-18 and IL-6 were measured in
extracts of gingival tissues obtained from 33
diseased and 8 non-diseased sites of individuals
with periodontitis as well as from 15 sites of
individuals without periodontitis. Using ELISA,
all the tissue samples were found to contain IL-1
g and IL-6. From Table 1 we can observe that
the IL-18 level in the diseased sites of the peri-
odontitis group was significantly greater than
both that in the non-diseased sites of the peri-
odontitis group (p < 0.05) and that in the healthy
gingiva group (p < 0.05).

It can be noted from Table 2 that the tissue
level of IL.-6 in the diseased sites of the peri-
odontitis group was higher than both that in the
non-diseased sites of the periodontitis group
and that in the healthy gingiva group. However,
a significant difference in IL-6 levels was only
noted between the diseased sites of the periodon-
titis group and the healthy gingiva group (p <
0.05).

When the data on IL-18 and IL-6 levels of
all tissue samples were pooled for analysis, a

Table 1. Interleukin-18 (IL-18) levels in tissues
of adult periodontitis and healthy
gingiva groups

. . . No.of IL-1 ncentrati
Site designation 00 A conce ton

samples  (pg/mg protein)
Periodontitis
group
Diseased sites 33 166.96 + 62.33* 14
Non-diseased
Sites 8 86.81 £38.92
Healthy gingiva
group
Healthy sites 15 57.70 £33.82

* Mean + standard deviation.

t p<0.05, comparison with healthy gingiva group.

1 p<0.05, comparison with non-diseased sites of peri-
odontitis group.

Statistical analysis: Mann-Whitney U test.

Table 2. Interleukin-6 (IL-6) levels in tissues of
adult periodontitis and healthy gingiva
groups

. . . No. of IL-6 concentration
Site designation

samples  (pg/mg protein)
Periodontitis
group
Diseased sites 33 27.97 £32.55% t
Non-diseased 8 10.78 £7.60
sites
Healthy gingiva
group
Healthy sites 15 6.10+£7.11

* Mean # standard deviation.
t p<0.05, comparison with healthy gingiva group by
Mann-Whitney U test.

significant relationship between the levels of IL-
18 and IL-6 was noted. The observed relation-
ship can be expressed as IL-6 level =-0.89103
+0.16274 x IL-18 level (r=0.4334, p < 0.01,
Fig. 1).

The correlation of IL-18 or IL-6 levels and
the clinical periodontal assessments in the
sampling sties of the periodontitis group is given
is Table 3. The IL-1p8 level was found to be posi-
tively correlated with PD, AL and BL (P<0.001).
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The level of IL-6 also had a positive correlation
with AL and BL (P < 0.05), but had only a
borderline correlation with PD (r=0.3041, p=
0.053).

150
y = - 0.89103 + 0.16274x
r= 04334

100
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[ .
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Fig. 1. Regression analysis of IL-1 # and IL-6 levels
in tissue samples obtained from periodontitis
patients and healthy gingiva individuals.
Each point represents a single tissue sample.
The correlation between IL-1 8 and IL-6 was
found to be statistically significant (p<
0.01).

Table 3. The correlation between the levels of
cytokines(IL-1 8, IL-6) and clinical
periodontal assessments (PD, AL,
BL)* in all the tissue samples of peri-
odontitis group

Cytokine PD AL BL
IL-18  0.7531'% 0.6972' 0.7978!
IL-6 0.3041 0.3764% 0.3498 8

*PD: probing depth. AL: attachment level. BL: bone
loss.

t Pearson correlation coefficient (r)

1 p<0.001

§ <0.05

In Table 4, the levels of serum IL-18
and IL-6 of each subjects, as well as means with
standard deviations are presented. IL-1 f was
measurable in 5 of 10 periodontitis patients and
in 6 of 10 periodontally healthy control subjects,
with no statistically significant difference
between these 2 groups. However, IL-6 was
measurable in all periodontitis and control
subjects. No statistically significant difference
was noted between these 2 groups, either.

The effect of various concentrations of rIL-
18 on IL-6 production of six HGF strains are

Table 4. IL-18 and IL-6 levels in the serum of
periodontitis patients and periodon-

tally healthy subjects
Periodontally Periodontitis
case healthy subjects patients

IL-18* IL-6% IL-18 IL-6

1 ND' 12.98 1.58 5.76
2 ND 9.75 0.30 3.16
3 0.33 4.80 0.65 8.70
4 0.47 16.88 ND 4.86
5 1.45 1.68 ND 10.06
6 2.11 6.45 ND 9.67
7 0.87 5.02 ND 18.56
8 ND 8.06 ND 2.11
9 3.48 5.53 2.67 6.71
10 ND 2.59 4.05 12.40

0.87+1.16' 7.37£4.71  0.93+1.41 8.20+4.86

*Concentration: pg/ml
{ ND: not detectable
t Mean £ standard deviation

shown in Fig. 2. Upon the addition of rIL-18
into DMEM- containing 10% FCS, the IL-6
production was found to be stimulated greatly
for all the strains studied. However, HGF-1, 3,5
seemed to exhibit higher IL-6 activity as
compared to -the other three strains. The IL-6
activity also increased linearly in all HGF
strains with the addition of 50 units/ml rIL-15.
Moreover, when the concentration of rIL-1 8
was increased to 500 units/ml, and increase in
the IL-6 activity of HGF-1,3 was noted, but the
activity in the other four strains was, however,
negligible. Control experiments using uncondi-
tioned media containing identical concentra-
tions of rIL-18 did not show any detectable IL-6
activity.

In order to ascertain that the activity under
investigation was indeed from IL-6, the culture
supernatants were incubated with anti-IL-6 anti-
body prior to performing the IL-6 bioassay.
Anti-IL-6 antibody at a final concentration of
0.1pg/ml reduced the IL-6 activity of HGF super-
natants stimulated with 50 units/ml rIL-18 by
more than 96% (Fig. 3).

DISCUSSION

The present study showed a significant
difference in the levels of IL-1 8 and IL-6
between diseased gingival tissues of patients
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The effect of rIl.-1 A& on IL-6 production as
demonstrated by six cases of healthy gingi-
val fibroblasts (HGF). The cells were incu-
bated for 48 h with rIL-1 2 at various
concentrations (0.05, 0.5, 5, 50 and 500
units/ml). The supernatants were then
harvested and IL-6 activity was determined
by Bioassay as described in the Materials
and Methods. Results are expressed as mean
values of triplicate determinations with six
replicate assays per well. SD < 10% of the
mean. The results are representative of three
separate experiments.

Fig. 2.
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Fig. 3. Inhibition of IL-6 activity with anti-IL-6
antibody. Serial dilutions of healthy gingi-
val fibroblast (HGF) culture supernatant
(incubated with 50 units/ml rIL-1 8 )
reacted overnight with anti-IL-6 antibody
(0.1 ¢ g/ml) at 4°C. The supernatants were
then tested for inducing proliferation in the
IL-6-dependent hybridoma cell line 7TD],
which were evaluated by the MTT dye tech-
nique.

with periodontitis and healthy gingival tissues
of controls. A significant difference was also
observed in IL-18 levels between diseased and
non-diseased tissues of patients with periodonti-
tis. However, there was no significant difference
in the serum levels of IL-14 and IL-6 between

Correlation of IL-18, IL-6, and periodontitis

periodontitis patients and healthy controls.
These data suggest that both IL-1 4 and IL-6
levels are highly correlated with the locally
inflammatory conditions of the periodontium
and that the differences in serum and gingival
1L-18 or IL-6 levels were due to local cytokine
synthesis within the gingiva. The large numbers
of inflammatory cells in the connective tissues
and connective tissue cells per se (i. e., fibrob-
lasts and endothelial cells) can lead to the
release of IL-18 and IL-6, stimulated by bacte-
rial products and by interaction with the host
cells!319) Several researchers have reported
the increased IL-12 level in gingival tissues in
periodontitis patients*®. Bartold et al.(!¥
observed more intense IL-6 staining in the
section of inflamed human gingiva than in the
healthy gingival tissue. Furthermore, Matsuki et
al.™ have indicated that there were prominent
IL-1 8 and IL-6 mRNA-expressing cells in the
inflamed gingival tissue. These reports support
the fact that the IL-18 and IL-6 levels are higher
in diseased tissue than in healthy tissue as
observed in the present study.

It was not surprising that IL-1 8 and IL-6
could also be detected in healthy gingival
tissues. It is a well established fact that small
numbers of macrophages and mononuclear cells
are usually present in clinically healthy gingival
tissues®. All these cells and resident fibrob-
lasts, endothelial cells, etc. could synthesize
and release IL-1 8 and IL-6. Jandinski er al.*>)
demonstrated by the immunofiuorescent tech-
nique that IL-1 8 positive staining cells were
also present in normal gingival tissues, but are
much less than in the inflamed tissues.

The results show that the tissue level of IL-1
g in the periodontitis group is positively corre-
lated with the PD, AL and BL (r=0.7531,
0.6972, 0.7978; p < 0.001). These data suggest
that a significant relationship exists between the
amount of a bone resorptive cytokine (IL-14)
and the destruction of periodontal connective
tissues. The present results are in general agree-
ment with those of Stashenko er al.®), who
reported that IL-1 8 levels were higher in sites
with greater pocket depth or attachment level.
The present study also observed that the IL-6
level was positively correlated with AL and BL
(r=0.3764, 0.3498; p < 0.05). Borderline corre-
lation between PD and IL-6 level was also noted.
Thus the presence of IL-18 and IL-6 in the gingi-
val tissues along with the significant correlation
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with clinical assessments of periodontal tissue
destruction strongly suggests an important role
for the two mediators in the pathogenesis of peri-
odontal disease.

Our statistical analysis also revealed that
the tissue levels of IL-18 and IL-6 were posi-
tively correlated. This finding suggests that coor-
dinate expressions of IL-18 and IL-6 exist, and
the tissue levels IL-6 may also be influenced by
local IL-1 8 activities. In Fig. 2, we demon-
strated that IL-1 § was a stimulator for IL-6
production by HGF. However, other factors, e.
g. LPS, TNF-«, colony stimulating factors, etc.
may also be responsible for the synthesis of IL-
610:13.17.18) " Considered together from the clini-
cal and in vitro findings of the present study,
we may infer that, it is likely that IL-1 4,
produced primarily by macrophages in inflamed
gingiva!®, may lead to the activation of HGF
for the production of increased level of IL-6 and
that both IL-18 and IL-6 are capable of inducing
alveolar bone resorption and soft tissue destruc-
tion(1-3:10.11),

Itis noted in the present study that the stimu-
latory effect of IL-18 on the IL-6 production by
HGF varies directly in a dose-dependent
manner. Although the results obtained from
heterogeneous cultures may not reflect the true
nature of the effect of IL-18, it may be an aver-
age of the overall IL-6 production by HGF of
three separate experiments after stimulated with
IL-14. This is in agreement with various other
studies which have also indicated that such a
mediator stimulates the synthesis of IL-6 in a
wide variety of cells!!%131820  Wwe also
confirmed here that the release of IL-6 from
each cell of HGF strain, under identical cultur-
ing conditions, had somewhat individual vari-
ability. This implies that individual cell
responses to IL-1 8 are different, suggesting a
possible relationship between sensitivity to IL-1
g and relative risk of periodontal disease®?).
However, it is more likely that populations of
HGF consist of heterogeneous phenotypes®®).
In addition, if our finding reflects a natural
difference among these HGF individuals, it
leads us to speculate that either HGF-1, 3, 5
may have a larger number of IL-18 receptors or
receptors of higher affinity than the other 3
strains, or that the expression and stability of IL-
6 mRNA are different among these cells. Thus,
fibroblasts from different subjects do not
respond similarly to IL-148, suggesting that indi-

vidual variability is important in recognition of
IL-18.

In conclusion, the present study demon-
strates that the levels of IL-18 and IL-6 in gingi-
val tissues are closely related to the severity of
periodontal disease. Also, there are coordinated
expressions of these two mediators in the disease
process. However, the IL-18 and IL-6 produced
in gingival tissues may not reflect these two
mediators levels in serum. Moreover, IL-1 § -
treated HGF are capable of secreting consider-
able amounts of IL-6 in vitro, and may therefore
contribute to the elevated levels of IL-6 identi-
fied in diseased periodontal tissues in vivo.
Collectively, IL-18 and IL-6 play a critical role
in the pathogenesis of periodontal disease.
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