Salivary defense mechanisms in juvenile periodontitis
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The local, saliva-associated defense mechanisms of 28 juvenile periodontitis (JP) patients and
their age- and sex-matched controls were studied. Lysozyme, lactoferrin, salivary peroxidase,
myeloperoxidase, and thiocyanate concentrations were determined from both whole saliva
and parotid saliva. The total concentrations of salivary IgA, IgG, and IgM were assayed. The
periodontal condition and the salivary flow rates were registered. Among the JP patients, a
significantly elevated concentration of IgG was found in parotid saliva but not in whole saliva.
Salivary peroxidase activities were significantly low both in the whole and in the parotid saliva
samples of the JP patients, and leukocyte-derived myeloperoxidase was present in significantly
low amounts in whole saliva of these patients. Because both glandular (salivary peroxidase)
and polymorphonuclear-cell-derived (myeloperoxidase) enzyme activities were low among
the JP patients, suppressed peroxidase-mediated host defense mechanisms could be charac-
teristic of JP. O Enzyme activity; periodontology; salivary IgA; salivary IgG; salivary IgM
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Juvenile periodontitis (JP) is a rapidly pro-
gressing inflammatory periodontal disease of
otherwise healthy adolescents and young
adults. Although the disease was described
for the first time more than 60 years ago (1),
and explicit clinical criteria were published
almost 20 years ago (2), the etiology of IP
remains open despite intensive research. A
specific subgingival microflora has been sug-
gested to be the main etiologic factor; in
particular, Actinobacillus actinomycetem-
comitans has been associated with JP. A.
actinomycetemcomitans occurs in at least
90% of cases of subgingival plaque in JP
patients, whereas in adult periodontitis the
percentage is 20, and in periodontally
healthy individuals, 17 (3, 4). A. actinomy-
cetemcomitans is a pathogenic, capnophilic,
facultatively anaerobic Gram-negative coc-
cobacillus. Among its many virulence
factors, A. actinomycetemcomitans produces
inhibitors to neutrophil chemotaxis (5) and
leukotoxins to polymorphonuclear cells
(PMNs) (6). However, some reports have
not confirmed the association of A. acti-
nomycetemcomitans and JP (7,8). There

are, however, indications that it belongs to
the normal periodontal flora although
present only in low numbers (9), which
means that it does not cause disease in all
individuals.

Some minor immunologic aberrations
have also been suggested to be etiologic
factors of JP (10); that is, an impaired
chemotaxis of the PMN cells of the per-
ipheral blood has been postulated to occur
in 70% of JP patients (11, 12). However,
there are studies that do not corroborate
these findings in JP patients (13-15). Fur-
thermore, if the chemotactic reactivity is
decreased, the defect has to be small,
because JP patients should, by definition, be
in good general health (2). In addition to the
immunologic defense system, many non-
specific antimicrobial factors also operate in
the human mouth. These include lysozyme,
lactoferrin, peroxidase systems, agglutinins,
and histidine-rich proteins (16,17). The
agents are either synthesized in the salivary
glands or leak into the mouth from blood,
usually via gingival crevices. Many agents
(for example, lysozyme, lactoferrin, per-
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oxidases) exist both in pure glandular secre-
tions and in crevicular fluid (17). To our
knowledge, no previous studies exist of any
possible JP-associated changes in these
innate antimicrobial factors.

Saliva and gingival crevicular fluid (GCF)
are the main environmental components at
the dentogingival junction, and the cells of
the GCF and their metabolites form an
important part of the saliva.

Salivary peroxidase activity has been
found to be significantly reduced in mice with
Chediak—Higashi syndrome (CH) (18). CH
is a genetic disorder aiso occurring in man.
The major oral manifestation i1s severe
periodontal breakdown at a young age,
resulting in loss of the teeth (19, 20). There
1s also a low activity of natural killer cells in
both CH and JP patients (21).

Although JP is a local oral disease, the
saliva of these patients has virtually not been
investigated. We therefore wanted to ascer-
tain whether there were any aberrations in
the salivary defense mechanisms in patients
with JP.

Materials and methods

The material consisted of 28 patients with JP
fulfilling the diagnostic criteria of Baer (2)
and their age- and sex-matched, generally
and periodontally healthy controls. The age
of the subjects ranged between 15 and 38
years (mean, 23.8 years) at the time of the
test but between 14 and 29 (mean, 19.3)
years at the time of the diagnosis. The M/F
sex ratio was 7:21. Three of the JP patients
had the generalized type of the disease, and
the others the typical first-molar-incisor type
of disease (LJP); 23 patients were in the
maintenance phase of the treatment, and 5
in the initial treatment phase.

The controls were recruited among the
dental students and the nurses of the Dental
School and their children.

Gingival condition

The gingival condition of all subjects was
assessed by scoring the gingival bleeding on
gentle probing to the bottom of the pocket
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at four sites of each tooth (mesial, distal,
buccal, lingual). It was recorded as the per-
centage bleeding sites of the total number of
scored sites per patient.

Probing depth

Probing depths of 4 mm or more were
registered for the JP patients only, while
none of the controls had a probing depth
of that extent. The probing depths were
measured at the same sites as the bleeding,
and depths of =4 mm were registered and
recorded as a percentage of the total number
of sites probed.

Salivary samples

Two milliliters of parotid saliva was col-
lected from each subject with modified
Curby cups. To stimulate the salivary flow,
a citric acid crystal was placed on the tongue.

The paraffin-stimulated whole saliva was
obtained by having the subject spit in a
graduated receptacle until the yield was 3 ml.
The flow rate (ml/min) was calculated by
dividing the yield by the time needed to
collect it. Before salivary sampling, the sub-
jects did not eat or drink for 1 h. The samples
were taken randomly from JP patients or
controls during the study period.

Centrifuged saliva samples were stored at
—20°C until analyzed. All assays were done
with centrifuged saliva.

Chemical assays

The lysozyme level was estimated with
Micrococcus diffusion plates (Lysozyme Kit,
Kallestad Laboratories, Chaska, Minn.,
USA) with lyophilized human urine lyso-
zyme as a standard. Before lysozyme assay
the saliva sample was made 0.5 M with NaCl
and again centrifuged to release bound lyso-
zyme (22). The lactoferrin level was deter-
mined by a noncompetitive avidin-biotin
enzyme immunoassay (23). Human colostral
lactoferrin (Sigma Chemical Co., St. Louis,
Mo., USA), further purified by affinity
chromatography, was used as standard.

Salivary peroxidase activity was measured
at 22°C by following the rate of oxidation
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Table 1. The clinical periodontal status of 28 patients with juvenile periodontitis (JP) and
their age- and sex-matched controls (C)

Age, years Probing
GB, % depth State of
At At % = 4 mm in treatment™®
diagnosis test JP C JP of JP
14 15 18.8 13.4 0 I
15 16 4.5 10.7 0 M
15 16 6.3 12.5 3.6 M
15 17 20.5 8.9 17.9 I
17 18 14.3 4.5 17.2 I
16 19 17.9 13.4 0.9 M
17 19 7.2 0 3.6 M
17 20 0 8.0 2.7 M
19 21 3.6 3.6 0 M
14 21 0 6.3 0 M
16 21 33.0 1.8 1.8 M
22 23 1.8 0.9 1.8 M
23 23 26.8 0.9 2.7 M
17 24 4.2 0 9.4 M
16 25 0.9 0.9 0 M
24 25 24.1 4.5 8.9 I
16 26 8.0 0 0 M
16 26 4.5 6.3 4.5 M
21 26 0 1.8 0 M
16 26 33.9 0 0.9 M
25 26 5.4 4.5 2.7 M
25 26 2.9 0.9 4.8 M
23 26 6.3 0 8.0 M
25 27 28.5 0 20.5 I
17 28 8.9 0.9 4.5 M
27 32 4.6 0 9.3 M
29 35 16.7 38 6.0 M
_24 38 0 4.5 0 M
X193 X238 10.8 = 10.6 40+44 47x57 5/23

* 1 = initial treatment; M = maintenance care.

of 5-thio-2-nitrobenzoic acid (Nbs) to 5,5-
dithiobis-(2-nitrobenzoic acid) (Nbs,) (Ald-
rich Chemical Co., Milwaukee, Wisc., USA)
by hypothiocyanite (OSCN™) ions generated
during the oxidation of thiocyanate (SCN™)
by salivary peroxidase (24). Details of the
assay system have been described previously
(25). The replacement of SCN™ by CI™ in
the assay mixture makes the method suitable
for determination of specific myeloperoxi-
dase activity in saliva, since CI~ is oxidized
to OCI~ by myeloperoxidase but not by sali-
vary peroxidase (26).

The OSCN~ levels of saliva were not
assayed, because all chemical analyses were
made from frozen samples that do not con-
tain detectable OSCN™ (25).

The SCN~ concentrations were deter-

mined by the ferric nitrate method (27). The
total protein content was measured in
accordance with Lowry et al. (28). Amylase
activity was determined by the Phadebas
method (Pharmacia, Uppsala, Sweden).

Table 2. Flow rate and thiocyanate and total protein
concentrations in whole saliva of patients with juvenile
periodontitis (JP) and of their age- and sex-matched
controls. There were no statistically significant dif-
ferences between the groups (n = 28 in both groups)

JP patients Controls
Mean SD  Mean SD
Flow rate (mi/min) 1.71 0.85 1.88 (.81
Thiocyanate (mM) 0.98 0.55 092 0.42
Protein (mg/ml) 129 047 135 037
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Table 3. Lysozyme, salivary peroxidase. and amylase activitics and lactoferrin and total protein
concentrations in parotid saliva of patients with juvenile periodontitis (JP) and of their age-

and sex-matched controls (n = 28 in both groups)

JP patients Controls
Mean SD Mecan SD Significance™
Lysozyme (pg/ml) 13.7 5.5 11.9 22 NS
Lactoferrin (ug/ml) 7.4 5.3 5.9 4.0 NS
Salivary peroxidase (mU) 1.1 0.5 1.4 0.6 p <0.05
Amylase (U/t x 10) 407 309 486 263 NS
Protein (mg/mi) 1.8 0.8 1.8 0.6 NS

* Mann-Whitney U-test: NS = not significant.

The total concentrations of salivary IgA,
IgG. and IgM, were assayed by means of a
‘trapping antibody’-type enzyme immuno-
assay. as described in detail by Lehtonen et
al. (29). Rabbit anti-human IgA. 1gG. and
IgM and horseradish-peroxidase-conjugated
anti-human immunoglobulins (Dako Immu-
noglobulins A/S, Copenhagen, Denmark)
were used in the analysis. The immuno-
globulin standards were purified from
human serum (Behringwerke AG, Marburg,
FRG). The absorbance in the immuno-
globulin and lactoferrin analyses was read
with an automatic photometer (Titertek
Muttiscan, Eflab Oy, Helsinki, Finland).
The statistical differences between the study
group and the control group were analyzed
by the Mann—Whitney U-test.

Results
Periodontal health

The clinical status of the JP patients and
the controls is presented in Table 1.

Salivary factors

The flow rate of the paraffin-stimulated
whole saliva was 1.7 + 0.9 ml/min (range,
0.7-4.0 mi/min) among the JP patients and
1.9 = 0.8 ml/min (range, 0.6—4.0 ml/min)
among the controls (Table 2). The difference
is not significant.

There were no differences in salivary con-
centrations of lysozyme or lactoferrin

between the JP patients and their healthy
controls (Fig. 1, Table 3). Especially in
whole saliva from the JP patients, the inter-
individual variation in the levels of these
agents was high (Fig. 1). Salivary peroxidase
activities both in parotid and in whole saliva
were significantly lower among the JP
patients than among the controls (Fig. 2,
Table 3); the same was true for whole saliva
myeloperoxidase activity (Fig. 2.). No dif-
ferences between the two groups were
observed in salivary total protein content
(Tables 2 and 3), whole saliva thiocyanate
levels (Table 2), or amylase activities in par-
otid saliva samples (Table 3).

In general, the salivary concentrations of
immunoglobulins (isotypes A, G, and M)
were somewhat higher among the JP patients
than among the controls, but the difference
was statistically significant only for IgG in
parotid saliva (Table 4). Age, sex, or the
phase of treatment did not affect the results
in any systematic manner.

Discussion

As several authors have reported on im-
paired host defense among patients with JP
(10), we wanted to ascertain whether the
saliva-mediated antimicrobial systems are
also impaired in this disease. There were
no differences in flow rate or total protein
content between the JP patients and their
controls, suggesting that no major changes
in the protective functions of saliva were
to be expected. Also, the similarity of the
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amylase concentrations in the parotid saliva
samples of these two groups indicated no
major abnormality in salivary gland protein
synthesis.

Many of the antimicrobial agents in whole
saliva originate both from pure salivary
secretions and from gingival crevicular fluid
(17). To facilitate the interpretation of the
results, both whole and parotid saliva were
collected for analysis. As the control subjects
were in good periodontal health, it is most
likely that, compared with the JP patients,
the contribution of crevicular fluid compo-
nents to whole saliva among them is small.
On the other hand, any differences in parotid

saliva composition may reflect a more gen-
eralized change in the host defense system
of the JP patients. The elevated total IgG
response in parotid saliva of the JP patients
agrees with the previous results (30).
Lysozyme and lactoferrin are normal anti-
microbial constituents of both parotid saliva
and gingival fluid (17). Phagocytic cells are
rich in these proteins (31), and lysed cells
from the exudate of inflamed gingiva may
contribute to the number present in whole
saliva (32). In our study there were no dif-
ferences in the lysozyme and lactoferrin con-
centrations between the study group and the
controls, indicating no abnormality in these
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proteins among the JP patients. However.
the salivary levels of both constituents were
slightly higher and much more variable
among the JP patients, obviously due to the
higher degree of gingival inflammation in JP.

The suggested periodontopathogen of JP,
A. actinomycetemcomitans, is sensitive to
both lysozyme- (33) and lactoferrin-me-
diated (34) killing in vitro. Accordingly, it
has been suggested (33, 34) that dysfunction
of PMN ceils from JP patients in killing
A. actinomycetemcomitans effectively could
be related to defects in phagocytic lyso-

zyme and/or lactoferrin functions or to the
reduced number of these cells in the subgin-
gival area due to inhibited neutrophil chemo-
taxis (12). However, our data show that, at
least in saliva, these antimicrobial proteins
exist in concentrations comparable with
those in healthy individuals. Therefore, in
the future it is necessary to study the con-
centrations of these proteins also in the gin-
gival crevicular fluid of JP patients to clarify
their role in host defense.

Interestingly, the peroxidase activities
(salivary peroxidase and myeloperoxidase)
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Table 4. Concentrations (mg/1) of total IgA, 1¢G, and IgM in paraffin-stimulated whole
saliva and parotid saliva of patients with juvenile periodontitis (JP) and of their age-
and sex-matched controls (n = 28 in both groups)

JP patients Controls
Mean SD Mean SD Significance*®

Whole saliva

IgA 49.7 31.1 39.7 19.9 NS

IgG 16.4 17.9 12,2 115 NS

IgM 4.7 6.0 3.4 2.1 NS
Parotid saliva

IgA 56.2 31.7 49.2 22.0 NS

IgG 0.92 1.23 0.25 0.14 p <0.001

IgM 4.9 6.6 4.5 4.8 NS

* Mann-Whitney U-test; NS = not significant.

were low in JP patients when compared with
the controls. Myeloperoxidase exists only in
PMN leukocytes, being one of the major
antimicrobial agents of these cells (31).
Therefore, the sole source for myeloperoxi-
dase activity in human whole saliva is
inflammatory cells, and the activity in gin-
gival exudate and the whole saliva is known
to reflect the number of leukocytes entering
the oral cavity (35, 36). Oral bacteria effec-
tively release myeloperoxidase from oral
leukocytes (37), and whole saliva myelo-
peroxidase activity seems to be a good
measure of oral inflammations, such as
periodontal disease (38), phenytoin-associ-
ated gingival overgrowth (39), and inflamed
fissured tongue (40). A. actinomycetem-
comitans is sensitive to the oxygen-depen-
dent bactericidal action of myeloperoxidase
(41, 42).

The reason for the low myeloperoxidase
activity in whole saliva from JP patients is
not known. If JP results in reduced numbers
of PMN cells (due, for example, to a chemo-
tactic defect) in the gingival area, low my-
eloperoxidase activity in whole saliva may
reflect the low number of these cells.
However, as salivary peroxidase activity,
derived from the parotid glands, was also
significantly reduced among JP patients,
these findings together suggest a more gen-
eral defect in the peroxidative activity of
these patients. Interestingly, mice with the
Chediak—Higashi syndrome, associated with
severe periodontal breakdown, also show

significantly reduced salivary peroxidase
activity (18).

Why specifically peroxidase enzymes were
affected by JP is not known. It should be
emphasized that the concentration of thio-
cyanate (SCN7) affects the assays of both
salivary and myeloperoxidase (26), but there
were no differences in the salivary SCN™
concentrations between our study group and
the control group. Thus no methodologic
explanation can be offered for the dif-
ferences in the peroxidative activity found in
our study.

In human whole saliva, peroxidase
enzyme is not a limiting factor for the gen-
eration of the antimicrobial oxidation prod-
ucts (43). Thus, low enzyme activity in saliva
does not necessarily indicate an impaired
antimicrobial capacity of these enzyme sys-
tems. This can be further studied by ana-
lyzing saliva for HOSCN/OSCN™ in JP;
this was not possible in the present study
because—for  practical reasons—saliva
samples had to be frozen before the assays.
However, low peroxidase activity in saliva
or gingival crevicular fluid may be dis-
advantageous to periodontal tissues because
these enzymes have an important role in
protecting mucosal cells of the oral cavity
from H,0, toxicity (44). Hydrogen peroxide
at very low concentrations (10-100 uM) kills
human gingival fibroblasts (45, 46), and
H,0, concentrations below this critical level
are maintained in the mouth by peroxidase
enzymes (43). Hydrogen peroxide, which is
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constantly produced by many oral bacteria
and by leukocytes (44), is converted by per-
oxidases to form dioxygen, O, (catalatic
activity), or HOSCN/OSCN™ via oxidation
of SCN " ions (47). These products are not
toxic to gingival cells (44).
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