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The defensive role of
lysozyme in human gingiva
In inflammatory periodontal
disease
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Background and Objective: The presence of lysozyme in human gingiva has not
previously been demonstrated. In this study, we looked for evidence for the
potential role of lysozyme as a protector of gingival elastic fibres. The objective of
this study was also to determine the ex vivo susceptibility to hydrolysis of gingival
elastic fibres from patients with or without periodontal disease by human
leukocyte elastase and by human cathepsin G.

Materials and Methods: Using gingival tissue sections from eight control, 10
gingivitis and 10 periodontitis patients, we evaluated the area fraction occupied by
gingival elastic fibres (after selective staining) by the use of automated image
analysis. In the ex vivo experiments, serial tissue sections from four control, four
gingivitis, four young periodontitis and four aged periodontitis patients were
submitted to the action of human leukocyte elastase and cathepsin G, after
which enzymatic activities were determined by image analysis. Indirect
immunodetection of lysozyme was also done on tissue sections for all patients
included in this study.

Results: Large variations of the area fraction occupied by elastic fibres were
observed in human gingiva from young and aged patients with and without
periodontal disease. In control and gingivitis patients, leukocyte elastase and
cathepsin G had high comparable elastin solubilizing activities. With young and
aged periodontitis patients, the two serine proteinases had weak elastin solubi-
lizing activities. Lysozyme appeared to be present at the periphery of gingival
elastic fibres in periodontitis patients.

Conclusion: Lysozyme can be considered an important natural protector of elastic
fibres in pathological gingiva.

© 2008 The Authors.
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Human gingiva contains macromole-
cules present in most connective tis-
proteoglycans, glycoproteins,
collagens and elastin (1). Human gin-

Sues:

giva and human skin have a compa-
rable elastic fibre system, consisting of
oxytalan, elaunin and mature elastic
fibres (2,3). A few years ago, we

determined the morphometric para-
meters of human gingival elastic fibre
network by image analysis and com-
pared it with human skin elastic fibres



in relation to age (4). We reported that
the area fraction occupied by skin
elastic fibres increased with age, while
in the gingiva the area fraction occu-
pied by the elastic fibres did not seem
to be significantly modified by age;
however, we noted large variations in
the area fraction occupied by these
fibres in patients of advanced age (50—
75 years old) and, concomitantly, great
variations in the diameters of these
gingival elastic fibres existed. In that
study, we also determined the relative
frequency histograms of the diameters
of the gingival elastic fibres and
showed for the 2549 year age group
that the distribution of the gingival
elastic fibres appeared Gaussian, while
for the 50-75 year age group the rela-
tive frequency histogram of the diam-
eters did not show a Gaussian
distribution and revealed large varia-
tions in the diameters measured.

Gingiva is under constant stress
owing to mechanical forces and is
susceptible to damage from plaque
bacteria and by their products, thus
resulting in inflammation (5). During
periodontal diseases, the infiltration of
inflammatory cell subsets (e.g. lym-
phocytes, macrophages and polymor-
phonuclear  leukocytes) is  well
documented (6,7).

Inflammatory cells contain enzymes
that can degrade gingival extracellular
matrix if released during their func-
tional activity or when the cells
degenerate or die (8).

Among these inflammatory cells,
polymorphonuclear leukocytes contain
leukocyte elastase and cathepsin G in
their azurophil granules. These two
potent elastolytic serine proteinases
have been shown to solubilize in vitro
human lung elastin (9), as well as skin
elastic fibres with ex vivo elastolytic
tests on human skin tissue sections
(10). Furthermore, cathepsin G has
been shown to develop not only a sig-
nificant elastin solubilizing activity by
itself but may also potentiate the
activity of neutrophil elastase (10).

Interestingly, it has been reported
that lysozyme is associated with
damaged elastic fibres in many tissues
and organs and can prevent the pro-
teolytic degradation of elastin by
human leukocyte elastase (11-13).

Defensive role of lysozyme in periodontitis

Lysozyme has been found in mono-
cytes and macrophages (14), in neu-
trophils (15) and in glandular cells
(16). Owing to the fact that in the
inflamed human gingiva elastic fibres
are present in large amounts, we
suspected that lysozyme originating
from inflammatory cells could prevent
elastin degradation by binding to the
elastin network.

The aim of the present study was to
determine the ex vivo susceptibility to
hydrolysis by human leukocyte elastase
and by cathepsin G of gingival elastic
fibres from young and aged patients
with periodontitis, or patients with
gingivitis, and to compare data with
those obtained from the gingiva of
healthy patients without periodontal
disease. Elastolysis was quantified by
computerized morphometric analysis
of selectively stained elastic fibres (17).
The potential role of lysozyme as pro-
tector of gingival elastic fibres was also
investigated.

Materials and methods

Patient selection and biopsy material

Twenty-eight human gingival biopsy

specimens were collected, as follows.

e Eight healthy patients (four males
and four females) between 18 and
55 years of age (mean = 26 years),
showing clinically healthy gingiva
without bleeding and no evidence of
vertical bone resorption or perio-
dontal pockets.

e Ten gingivitis patients (six males and
four females) between 22 and
79 years of age (mean = 49 years),
clinically diagnosed as such with red
colour, swelling of the gingival mar-
gin and bleeding corresponding to
gingival indexes two and three with-
out vertical bone resorption or
periodontal pockets.

e Ten periodontitis patients (six males
and four females) aged between 19
and 76 years (mean = 54 years),
with no more than one pocket
> 5 mm and at least one pocket with
>4 mm loss of attachment.

The groups were classified according

to the classification system for perio-

dontal diseases and conditions (18)

and based on five different clinical
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and radiographic indexes, namely: gin-
gival index (GI; 19); plaque index (PI;
20); bleeding on probing; pocket depth
(PD) with accompanying clinical
attachment loss (CAL) measured using
a calibrated Michigan probe with
William’s markings; and radiographic
vertical bone loss (peri-apical X-ray).
Measurements were carried out by the
same investigator.

Tissue was taken from the attached
gingiva of teeth extracted for ortho-
dontic or periodontal reasons. Gingi-
val biopsies were obtained under local
anaesthesia, avoiding infiltration into
the biopsy site and deformation or
compression of the samples.

Among the 28 patients, two control,
healthy patients, ascertained clinically
and histologically, were selected for
elastolysis assays with leukocyte elas-
tase alone and cathepsin G alone to
calibrate the enzymatic activities of
these two serine proteinases separately.
Four other control, healthy patients
(two males, two females, aged
18-42 years, mean = 24 years), four
gingivitis patients (two males, two
females, aged 2645 years, mean =
36 years), four young periodontitis
patients (two males, two females, aged
between 19 and 44 years, mean =
32 years) and four aged periodontitis
patients (two males, two females, aged
between 57 and 68 years, mean =
60 years) were also selected for enzy-
matic trials with the two serine pro-
teinases separately or with a mixture of
the two enzymes.

Inclusion and exclusion criteria

The patients included in this study had
no oral or major systemic diseases, nor
any overt immunological abnormali-
ties; they were not taking any proprie-
tary medications, had a negative history
for hypertension, vascular diseases
(which may affect extracellular matrix
integrity), diabetes mellitus or acute
necrotizing ulcerative gingivitis, and
were not pregnant nor had any perio-
dontal therapy within the preceding
6 months. Patients were also excluded
in situations in which they: (1) had less
than 20 teeth; (2) were currently under
orthodontic treatment; or (3) were
wearing an ill-fitting prosthesis.
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This study had the approval of a
local ethical committee. All patients
gave their written informed consent
according to the Declaration of
Helsinki.

Morphological investigations

For morphological investigations, tis-
sue samples were fixed with aldehyde
and embedded in paraffin according to
routine procedures. Serial tissue sec-
tions, 7 pum thick, were cut with a
manual microtome and stained with
haematoxylin and eosin to assess tissue
quality. This staining technique
revealed the structural integrity of the
gingival tissue and the absence or
presence of inflammatory infiltrates in
gingiva. A set of tissue sections was
stained with (+ )catechin-fuchsin (17),
thus giving a good contrast between
the elastic fibres and the background,
which is a prerequisite for automated
image analysis. These morphological
investigations done for the
28 patients included in this study.

were

Image analysis

Computerized morphometric analysis
of the gingival elastic fibres was carried
out as previously described (4,17).
Briefly, the analysis was performed on
histological sections observed under a
Zeiss standard 14 microscope (Carl
Zeiss Group, Oberkochen, Germany)
equipped with a video camera.

Black and white images generated
by the video camera were converted
into 256 grey levels using a Sophretec
MVM 600 image memory, transferred
to a BFM microcomputer (Sophretec,
Levallois-Perret, France), and finally
analysed using software for mathe-
matical morphology (21,22). The pro-
gram calculated the area fraction
(Aa%) occupied by the elastic fibres;
the Aa% represents the surface of
elastic fibres (%) as a function of the
tissue area analysed.

The evaluation of elastic fibre
diameters was performed semi-auto-
matically on a BIOCOM  station
(BIOCOM, Les Ulis, France) using the
Imagenia 3000 program (BIOCOM).
Morphometric analysis was done for
all patients included in this study.

Enzymatic digestion

Control experiments — Serial tissue sec-
tions, 7 um thick, from two healthy
patients were deparaffinized in three
toluene baths, then dehydrated in
decreasing ethanol solutions (100, 70,
50, 30 and 10%) and, after two baths of
distilled water, dropped into a 0.1 m
Tris-HCI buffer (pH 8.0). To appreci-
ate the elastolytic activities of leukocyte
elastase and cathepsin G, two condi-
tional experiments were carried out.

A set of three gingival tissue sections
from the two healthy patients was
overlaid with 40 pL of buffer alone
(control experiment), a second set of
three gingival tissue sections was over-
laid with 40 pL of buffer containing
leukocyte elastase (100, 500 or 750 ng of
clastase) to calibrate the enzymatic
activity of leukocyte elastase alone and
a third set of three gingival tissue sec-
tions was overlaid with 40 pL of buffer
containing cathepsin G (10, 50 or
100 ng of cathepsin G) to calibrate the
enzymatic activity of cathepsin G
alone. The preparations were then
incubated in a moist chamber for 12 h
at 37°C, rinsed for 15 s with the cold
buffer to stop the reaction, dropped in
absolute ethanol for 2 min and stained
with (+ )catechin-fuchsin. The sections
were then mounted in Histolaque (Labo
Moderne, Paris, France) and covered
with glass coverslips before image
analysis as described above.

Elastolysis assays with leukocyte elastase

alone, cathepsin G alone or a mixture of

the two enzymes— Serial tissue sections
(three sections per assay, 7 pm thick)
from four control patients, four gingi-
vitis patients, four young periodontitis
patients and four aged periodontitis
patients were treated as follows. Tissue
sections were overlaid with 40 pL of
0.1 M Tris-HCI alone or with buffer
containing 100 ng of leukocyte elastase
or 10 ng of cathepsin G or 100 ng of
leukocyte elastase plus 10 ng of
cathepsin G. After 12 h at 37°C in a
moist chamber, the enzymatic reaction
was stopped by placing the sections into
cold buffer, and the tissue sections were
submitted to automated analysis after
(+ )cathechin-fuchsin staining as des-
cribed above to determine the area

fraction (Aa%) occupied by the gingival
elastic fibres in each experimental con-
dition. The percentage of gingival elas-
tin solubilized by the leukocyte elastase
or by the cathepsin G or by the mixture
of these two enzymes was calculated
using the following relationship:

Aa%Control — Aa%Assay
Aa%Control

where Aa% Control is the Aa% with
buffer alone and Aa% Assay is the
Aa% of enzymatically treated sections.

Human leukocyte elastase and
human cathepsin G were purchased
from Elastin Product Company (EPC,
Owensville, MO, USA).

Indirect immunodetection of
lysozyme

For indirect immunodetection of lyso-
zyme, tissue sections were deparaffi-
nized, rehydrated and then rinsed in
phosphate-buffered saline and treated
with 0.3% H>O, for 20 min to inhibit
non-specific staining. The sections were
incubated with the primary antibody
(anti-human lysozyme from Zymed,
San Francisco, CA, USA) at 1:20 dilu-
tion, followed by biotinylated anti-
mouse immunoglobulins, and finally
with streptavidin—peroxydase conju-
gate (Dakopatts, Glostrup, Denmark).
Each incubation was carried out for
30 min at room temperature, followed
by three baths of 10 min each in phos-
phate-buffered saline. The peroxydase
activity was revealed using 3,3’-diam-
inobenzidine tetrahydrochloride with
hydrogen peroxyde in buffered solution
for 15 min (pH 7.6). Non-specific reac-
tivity of the antibodies was checked by
omitting the primary antibody or by
using an irrelevant isotype-matched
primary antibody. Indirect immuno-
detection of lysozyme was done for all
patients included in this study.

Matrix elastic fibres were also iden-
tified by indirect immunofluorescence
technique with a primary antibody
(goat polyclonal anti-human elastin
from Tebu, Le Perray en Yvelines,
France) at 1:20 dilution, and appropri-
ate secondary fluorescein-conjugated
antibody, at 1:50 dilution. Tissue
sections were examined with fluorescent
light of 280 nm wavelength.



Statistical analysis

Microsoft Excel 2007 (Microsoft Inc.,
Redmond, WA, USA) and spss 11.5
(SPSS Inc., Chicago, IL, USA) were
used for statistical analysis. Analysis
was carried out using non-parametric
tests, and the subject was used as the
unit of measurement. Means and stan-
dard deviations of all the quantitative
variables (e.g. percentage of area frac-
tion) were calculated in the different
stages of periodontal disease and in the
control group. Global comparisons of
the different means were performed
using the Kruskal-Wallis non-para-
metric test (multiple means compari-
sons in independent unpaired samples).
If significant differences were found
(p < 0.05), post hoc two-group com-
parisons were assessed using the Mann—
Whitney U-test (non-parametric means
comparisons in two independent
unpaired samples), and p values < 0.05
were considered to be statistically sig-
nificant. Within each group, the non-
parametric Wilcoxon ranked sign test
for paired data was used to compare the
percentage of elastolysis induced by
each serine proteinase alone and by the
mixture of both proteinases together
(here we used paired data analysis
because serial tissue sections from each
sample were used for enzymatic trials to
be compared).

Results

Morphological investigation:
organization of gingival elastic fibres

In control, healthy patients, after hae-
matoxylin and eosin staining, no
inflammatory infiltrates were observed
(not shown). After (+ )catechin-fuchsin
staining, three types of fibres could be
distinguished. Oxytalan fibres were
located in the upper part of the gingival
connective tissue perpendicular to the
epithelium and connected with elaunin
fibres organized parallel to the epithe-
lium. In the mid-gingiva, well-defined
elastic fibres were present (Fig. 1).

In the four gingivitis patients, mod-
erate inflammatory infiltrates were
present (not shown). After (+)
catechin-fuchsin staining, the gingival
elastic network was comparable to that
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Fig. 1. Histological visualization of the network of gingival elastic fibres in the gingiva of a
representative control, healthy donor (aged 23 years). The paraffin-embedded gingival section
was stained with (+ )catechin-fuchsin. Gingival elastic fibres are well individualized, while the
background appears colourless. Gingival pre-elastic fibres were localized at the epithelium—
connective tissue interface. Oxytalan fibres were oriented perpendicularly to the epithelium
and connected with the elaunin fibres organized parallel to the epithelium. In the mid-gingiva,
long and well-defined elastic fibres were present. Abbreviations: Ep, epithelium; Ox, oxytalan
fibres; Elau, elaunin fibres; and El. Fib, elastic fibres. Scale bar represents 25 pm.

of healthy patients (not shown). In
periodontitis patients, more inflamma-
tory infiltrates were noted (not shown),
and considerable changes were
observed concerning the elastic fibre
network. The oxytalan fibres were
rarified and shortened, and the elaunin
fibres appeared fragmented. The elastic
fibres were fragmented and thickened
and showed great variations in their
diameters (Fig. 2).

Morphometric analysis of diameters
of gingival elastic fibres in control
and periodontitis patients

After staining and image analysis, the
gingival fibre diameters were measured
for about 100 fibres in control, healthy
patients and in patients with perio-
dontitis. The diameters of elastic
fibres in the mid-gingiva in control,
healthy patients were estimated at
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Fig. 2. Histological visualization of the network of gingival elastic fibres in the gingiva of a
representative periodontitis patient (aged 65 years). The tissue section was stained with
(+ )catechin-fuchsin. Pre-elastic fibres were rarified and shortened, and in the mid-gingiva
elastic fibres were thickened and fragmented. Abbreviations as in the legend to Fig. 1. Scale

bar represents 25 pm.
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2.1 £ 0.4 um and in patients with
periodontitis at about 3.6 um. In con-
trol patients, the distribution of gingi-
val elastic fibres appeared Gaussian,
while for periodontitis patients the
relative frequency histogram of the
diameters did not show a Gaussian
distribution and revealed large varia-
tions in the diameters measured
(Fig. 3A.B).

Morphometric analysis of gingival
elastic fibres in control, gingivitis
and periodontitis patients

The area fraction, Aa%, occupied by
gingival elastic fibres evaluated by

Relative frequency >
== N N WO W s b
o O U1 ©O U1 o O»

-
o

o o

0-0.5 0.5-1 1-15

1.5-2

automated analysis was estimated after
staining with (+)catechin-fuschin as
8.8 £ 0.5% for control, healthy
patients, 9.2 £ 0.6% for gingivitis
patients, 12.3 + 1% for young perio-
dontitis patients and 14.2 + 2.8% for
aged periodontitis patients.

Degradation of human gingival elastic
fibres by human leukocyte elastase or by
cathepsin G in control, healthy patients
(calibration of the enzymatic activities
developed by the two serine proteinases
separately) — In control experiments
in which tissues sections were incu-
bated only with 0.1 m Tris-HCI buffer,
no variation in the intensity of the
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Elastic fibre diameters (pm)
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0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-4 4-4.5 4.5-5 5-5.5 5.5-6 6-6.5 6.5-7
Elastic fibre diameters (um)

Fig. 3. Distribution of gingival elastic fibre diameters in control and periodontitis patients.
(A) Relative frequency histogram of the diameters of gingival elastic fibres in control, healthy
patients. The diameter of elastic fibres in the mid-gingiva was estimated as 2.1 + 0.4 pm.

The distribution appears Gaussian. (B) Relative frequency histogram of the diameters of

gingival elastic fibres in periodontitis patients. The average diameter of elastic fibres in the
mid-gingiva was estimated as about 3.6 pum. The distribution does not show a Gaussian
distribution and reveals large variations in the diameters measured.

staining by the polyphenolic dye,
(+ )catechin-fuchsin, and no qualita-
tive or quantitative variation of area
fraction (AA%) determined by auto-
mated image analysis were noted when
compared with tissue sections submit-
ted only to the staining by (+ )cate-
chin-fuchsin.

Only about 20% of elastic fibres
were resistant to hydrolysis of human
leukocyte elastase for the highest dose
of human leukocyte elastase (750 ng);
about 40 and 85% were resistant
to hydrolysis with 500 and 100 ng
of human leukocyte elastase, respec-
tively.

Likewise, the action of human
cathepsin G on the human gingiva
elastic fibres after incubation of tissue
sections with increasing amounts of
cathepsin G, estimated by image anal-
ysis, showed that about 35% of elastic
fibres were resistant to hydrolysis for
the highest dose of cathepsin G
(100 ng), about 60 and 90% were
resistant to hydrolysis with 50 and
10 ng of cathepsin G, respectively.

Comparison of the elastolytic
activities of leukocyte elastase and
cathepsin G on gingival elastic fibres

When gingival tissue sections from
control, healthy patients were overlaid
with 100 ng of human leukocyte elas-
tase, about 15% of elastic fibres were
solubilized (percentage of residual
fibres, 85 £ 6%); with gingival tissue
sections from gingivitis patients, about
16% of elastic fibres were solubilized
(percentage  of  residual  fibres,
84 + 5%); with gingival tissue sections
from young periodontitis patients,
10% of elastic fibres were solubilized
(percentage  of  residual  fibres,
90 + 5%); and with gingival tissue
sections from aged periodontitis
patients, about 5% of elastic fibres
were solubilized (percentage of residual
fibres, 95 £ 2%). The four means
were not statistically different (Krus-
kal-Wallis test, p > 0.05; see Fig. 4).
Since no statistical differences were
found between means of control and
gingivitis  groups (Mann—Whitney
U-test, p > 0.05), nor between young
and aged periodontitis groups, control
and gingivitis groups were pooled, as
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Fig. 4. Percentage of serine proteinase-mediated elastolysis. With 100 ng of human leuko-
cyte elastase (HLE) or 10 ng of cathepsin G alone overlaid on gingival tissue sections from
healthy control or gingivitis patients these two serine proteinases have a comparable solu-
bilizing activity. For young periodontitis patients and aged periodontitis patients, HLE and
cathepsin G have weak elastin solubilizing activities. When gingival tissue sections were
overlaid with 100 ng leukocyte elastase plus 10 ng of cathepsin G, about 80% of elastic fibres
were solubilized in control, healthy patients and in gingivitis patients, while only about 16
and 17% of elastic fibres were solubilized in young and aged periodontitis patients, respec-
tively. On the ordinate, 100% is the control value obtained when the specimens were incu-
bated with buffer alone.

were the two periodontitis groups. The
decrease in the percentage of residual
fibres between the control/gingivitis
pooled groups and the periodontitis
groups (aged and young) is not statis-

control/gingivitis pooled group and
the periodontitis groups (aged and
young).
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When gingival tissue sections were
overlaid with 40 pL of buffer con-
taining 100 ng of leukocyte elastase
and 10 ng of cathepsin G, about 82%
of elastic fibres were solubilized in
control, healthy patients (percentage
of residual fibres, 18 + 7%), about
78% of elastic fibres were solubilized
in gingivitis patients (percentage of
residual fibres, 22 + 6%), 16% of
elastic fibres were solubilized in young
periodontitis patients (percentage of
residual fibres, 84 + 8%) and 17% of
elastic fibres were solubilized in aged
periodontitis patients (percentage of
residual fibres, 83 £ 4%). These four
means were statistically different
(Kruskal-Wallis test, p < 0.001; see
Fig. 4). Since no statistical differences
were found between means of control
and gingivitis groups (Mann—Whitney
U-test, p > 0.05), nor between young
and aged periodontitis groups (Mann—
Whitney U-test, p > 0.05), control
and gingivitis groups were pooled, as

tically  significant (Mann—Whitney
U-test, p > 0.05).

When gingival tissue sections were
overlaid with cathepsin G (10 ng),
about 13% of elastic fibres were solu-
bilized for control patients (percentage
of residual elastic fibres, 87 + 4%),
about 17% of elastic fibres were solu-
bilized for gingivitis patients (percent-
age of residual fibres, 83 = 5%),

about 14% of elastic fibres were solu-

bilized for young periodontitis patients
(percentage  of  residual fibres,
86 + 3%) and about 7% were solubi-
lized for aged periodontitis patients
(percentage  of  residual fibres,
93 £ 2%). These four means were not
statistically different (Kruskal-Wallis
test, p > 0.05; see Fig. 4). Since no
statistical  differences found
between means of control and gingivi-

were

tis groups (Mann—Whitney U-test,

p > 0.05), nor between young and
aged periodontitis groups, control and
gingivitis groups were pooled, as were
the two periodontitis groups. Regard-
ing the cathepsin G elastolysis, no
statistically ~ significant  variations
(Mann—Whitney  U-test, p > 0.05)
were found in the percentage of
residual elastic fibres between the

Fig. 5. Comparison of the effects of human leukocyte elastase, cathepsin G and a mixture of
the two proteinases on human gingival elastic fibres in a control, healthy donor aged
37 years. (A) Tissue section overlaid with 40 pL of buffer alone (control experiment). (B)
Tissue section overlaid with 100 ng of leukocyte elastase in 40 pl of buffer. (C) Tissue section
overlaid with 10 ng of cathepsin G in 40 pL of buffer. (D) Tissue section overlaid with
100 ng of leukocyte elastase plus 10 ng of cathepsin G in 40 pL of buffer. When gingival
tissue sections were overlaid with leukocyte elastase alone (B) or cathepsin G alone (C), the
elastic fibres were degraded by these proteinases, but with the mixture of the two enzymes (D)
a major degradation was observed when compared with the control experiment with buffer
alone (A). Abbreviations as in the legend to Fig. 1. Scale bar represents 50 um.
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were the two periodontitis groups.
Statistically ~ significant  variations
were found in the percentages of
residual elastic fibres between the
control/gingivitis pooled groups and
the periodontitis groups (aged and
young; Mann-Whitney U-test, p <
0.000003).

The activity of the mixture of the
two proteinases was about twofold
higher than the sum of activities of the
individual enzymes in the control/gin-
givitis pooled patients, and the differ-
ence is statistically significant (mixture
vs. cathepsin G alone, Wilcoxon
ranked sign test, p = 0.000001; and
mixture vs. human leukocyte elastase
alone, Wilcoxon ranked sign test,
p = 0.000001). In contrast, no stimu-
lation of enzymatic activity was found
for periodontitis patients (mixture vs.
cathepsin G alone, Wilcoxon ranked
sign test, p > 0.05; and mixture vs.
HLE alone, Wilcoxon ranked sign test,
p > 0.05; see Fig. 4).

Figures 5 and 6 show histological
sections to illustrate the action of leu-
kocyte elastase, cathepsin G and leu-
kocyte elastase plus cathepsin G on
gingival elastic fibres in control, gingi-
vitis and periodontitis patients.

Indirect immunodetection of
lysozyme and elastic fibres in
gingival tissue sections

Immunofluorescence with polyclonal
antibody to elastin showed marked
fluorescence labelling on elongated
elastic fibres in the gingiva from a
periodontitis patient aged 44 years
(Fig. 7A). After indirect immuno-
peroxidase detection of lysozyme in the
same patient, a clear peroxidase activ-
ity, showing the presence of lysozyme
(Fig. 7B), was detected at the periphery
of the immunodetected elastic fibres
(Fig. 7A).

In gingival tissue sections from
control, healthy donors and from gin-
givitis patients, no peroxidase activity
was detected by the indirect immuno-
peroxidase technique (not shown).

Owing to the autofluorescence
property of elastic fibres, the associa-
tion between lysozyme and gingival
elastic fibres was clearly visible when
tissue sections were observed under a

Fig. 6. Comparison of the effects of human leukocyte elastase, cathepsin G and a mixture of
the two proteinases on human gingival elastic fibres in a periodontitis patient aged 57 years.
(A) Tissue section overlaid with 40 pL of buffer alone (control experiment). (B) Tissue
section overlaid with 100 ng of leukocyte elastase in 40 uL of buffer. (C) Tissue section
overlaid with 10 ng of cathepsin G in 40 pL of buffer. (D) Tissue section overlaid with
100 ng of leukocyte elastase plus 10 ng of cathepsin G in 40 pL of buffer. When the gingival
tissue sections were overlaid with leukocyte elastase alone (B) or with cathepsin G alone (C),
very few elastic fibres were sensitive to hydrolysis and, furthermore, with the mixture of the
two proteinases (D) few elastic fibres were affected when compared with the control experi-
ment with buffer alone (A). Abbreviations as in the legend to Fig. 1. Scale bar represents

50 pm.

microscope with fluorescent light and
photonic light at the same time. The
elastic fibres appeared fluorescent and
lysozyme appeared as brown labelling
underlying the elastic fibres, thus
demonstrating that lysozyme binds to
elastic fibres (see Fig. 7C).

No peroxidase activity was detected
in control experiments in which the
primary antibody was omitted or when
irrelevant secondary antibody was used
(not shown).

Discussion

The results reported in this study
regarding gingival elastic fibres are
based on the validity of image analysis
for assessing the elastin content of tis-
sues. This was demonstrated by Uitto
and co-workers (23), who reported that
the area fraction occupied by human
dermal elastic fibres was significantly
correlated with the desmosine content

determined by radioimmunoassay.
Furthermore, this technique was con-
sidered to be fairly accurate and
reproducible. (+)Catechin-fuchsin
staining can also be considered to be
the stain of choice for the detection
and quantitative estimation of tissue
elastic fibres. This stain distinguishes
the elastic fibres from other macro-
molecular components and yields a
fairly colourless background, which is
a prerequisite for automated analysis
(17). Furthermore, we demonstrated
some years ago, after immunostaining
using human monoclonal antibody to
clastin and the (+ )catechin-fuchsin
method for serial human tissue sec-
tions, that the elastic fibres revealed
were superimposable and that no sig-
nificant variations were observed after
quantification of elastic fibres by
automated image analysis between
immunostaining and (+) catechin-
fuchsin staining (24).
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Fig. 7. Indirect immunodetection of lysozyme and elastic fibres in gingiva from a periodontitis
patient aged 44 years. (A) Indirect immunofluorescence of gingival elastic fibres. Prominent
fluorescence is associated with numerous fibres. White arrows indicate elastic fibres. Scale bar
represents 50 pm. (B) Indirect immunoperoxidase detection of lysozyme. The brown pattern of
peroxidase activity observed indicates the presence of lysozyme at the periphery of the elastic
fibres immunodetected in (A) Black arrows inidcate elastic fibres. Scale bar represents 50 pm.
(C) The tissue section was observed under a Zeiss axioplan microscope with fluorescent light
and conventional light simultaneously. The elastic fibres appear fluorescent, and the brown
labelling resulting from the detection of the peroxidase activity which underlines the elastic
fibres shows that lysozyme is bound to the elastic fibres. Abbreviation: F.ELFib, fluorescent
elastic fibres. Asterisk indicates peroxidase activity. Scale bar represents 25 pm.

Our results concerning the evalua-
tion by image analysis of the elastic
fibre network in human gingiva
showed large variations of the area
fraction (Aa%) occupied by these
fibres and their diameters from healthy
patients to aged periodontitis patients.
These results confirmed those we pub-
lished some years ago, when we deter-
mined the morphometric parameters of
the human gingival elastic fibres and
human skin elastic fibres in relation to
age (4). An interesting finding is the
large distribution of the elastic fibre
diameters shown in advanced patho-
logical gingiva. This intriguing obser-
vation raises questions about the
molecular assembling of gingival elas-
tic fibres. Since elastin is extremely
stable and its turnover is slow, it has
been considered that elastin lasts the
entire lifespan of the host (23). There-
fore, the thickening of gingival elastic
fibres cannot be attributed only to
continuous deposition of elastin. Gin-
giva is submitted to several inflamma-
tory episodes and, as reported by
numerous authors, during perio-
dontitis the inflammation becomes
uncontrolled, leading to the destruc-
tion of soft tissue and bone (25,26).

Among inflammatory cells present
in diseased gingiva, polymorphonu-
clear leukocytes contain two serine
proteinases, namely human leukocyte
elastase and cathepsin G, with elasto-
lytic activities (27), so we suspected
that thick elastic fibres present in the
gingiva of periodontitis patients could
be resistant to both proteinases. With
ex vivo experiments on control and
gingivitis patients, we demonstrated
that cathepsin G and leukocyte elas-
tase have a significant and comparable
elastin solubilizing activity on elastic
fibres; these results being consistent
with those we reported on the elasto-
lytic activities of leukocyte elastase and
cathepsin G on human dermal elastic
fibres (10).

Furthermore, with gingival tissue
sections from control and gingivitis
patients, we found that the elastolytic
activity of the mixture of the two pro-
teinases was about twofold higher than
the sum of activities of the individual
enzymes. This stimulation factor of
two is of the same order of magnitude
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(x1.9) as that observed with human
skin sections (10).

With gingival tissue sections from
periodontitis patients, leukocyte elas-
tase and cathepsin G had weak elastin
solubilizing activities. Furthermore, no
stimulation of enzymatic activity was
evidenced with these patients with the
mixture of the two serine proteinases
compared with control, healthy and
gingivitis patients. These results sug-
gest that in periodontitis, gingival
elastic fibres were appreciably resistant
to serine proteinases.

By indirect immunodetection, we
demonstrated the presence of lysozyme
at the periphery of gingival elastic fibres
in young and aged periodontitis patients
and its absence in gingiva from healthy
or gingivitis patients. Thus, the increase
in the diameters of elastic fibres in
patients with periodontitis could be due
in part to deposition of lysozyme on
clastic fibres. Furthermore, the deposi-
tion is not related to the age of the
patients but to the pathological status of
the gingiva.

Lysozyme has been shown to be
associated with damaged elastic fibres
in many tissues and organs, such as
lung (12,28), skin (29) and vessels (30).
Lysozyme has also been shown to
prevent the proteolytic degradation of
elastin by human leukocyte elastase,
pancreatic elastase, thermolysin and
Pseudomonas elastase (11). We have
recently found, in ex vivo experiments
with human actinic skin tissue sections,
that lysozyme binds to elastin and
limits elastin degradation by human
leukocyte elastase (13). Therefore, our
results with gingiva from periodontitis
patients strongly suggest that the lim-
ited degradation of gingival elastic
fibres that we found in ex vivo experi-
ments with leukocyte elastase and
cathepsin G is due to lysozyme depo-
sition on the elastic fibres. As reported
by Park et al. (11), lysozyme does not
function by directly inhibiting the
activity of the proteinase but, by
binding to elastin, it prevents the pro-
tease from interacting with the elastin
substrate in ways that normally favour
proteolysis. In the present study, we
demonstrated, with indirect immuno-
detection, that lysozyme was associ-
ated with gingival elastic fibres in

periodontitis patients, while control,
healthy patients were lacking in lyso-
zyme. Incubation of gingival sections
with leukocyte elastase, cathepsin G or
a mixture of the two enzymes resulted
in an important decrease in the area
fraction occupied by elastic fibres in
control patients (more than 80%),
while only a slight decrease was found
in periodontitis patients (<20%).

Lysozyme was reported by Jacquot
et al. (31) to be present at a high
concentration in the airway secretion
from patients with chronic pulmonary
disease, and was considered to be an
anti-bacterial agent involved in the
pulmonary defence mechanism. These
authors showed that human airway
lysozyme was cleaved by Pseudomo-
nas aeruginosa eclastase but not by
human leukocyte elastase, and that
the cleavage of lysozyme by Pseudo-
monas elastase was accompanied by
parallel losses of its bacteriolytic
activity and its immunoreactive
property. Thus, we hypothesize that
the presence of lysozyme in human
pathological gingiva could be a host-
defence mechanism against micro-
organisms (the exact clinical impact
of lysozyme in pathological gingiva
should be elucidated). By preventing
degradation of elastin, lysozyme can
be considered a natural protector of
elastic fibres.
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