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Abstract

Objective: Patients with cystic fibrosis (CF) present with impaired protease-antiprotease balance in their lungs. However, salivary
protease equilibrium in children with CF with poor oral health has not been reported. The current study investigated salivary matrix
metalloproteinase-8 (MMP-8), tissue inhibitor of matrix metalloproteinases-1(TIMP-1), neutrophil elastase (NE), and myeloperoxidase
(MPO) levels in children with CF with or without gingivitis.

Materials and Methods: Eleven CF and 11 systemically healthy children aged 3-12 years were evaluated. Clinical periodontal
examinations including probing pocket depth (PPD), gingival index (Gl), plaque index (Pl), and bleeding on probing (BOP) were
recorded and saliva samples were obtained. Salivary MMP-8, TIMP-1, NE, and MPO levels were analyzed by immunofluorometric
assay and enzyme-linked immunosorbent assay.

Results: Salivary levels of MMP-8, TIMP-1, NE, MPO, and MMP-8/TIMP-1 molar ratios were similar in CF and systemically healthy
children (p>0.05). Levels of MMP-8, NE, and MPO were significantly higher in the saliva of children with gingivitis compared to
periodontally healthy children in both CF and systemically healthy groups (p<0.05). MMP-8 and MMP-8/TIMP-1 levels were positively
correlated with GI, PI, and BOP (p<0.05), while NE and MPO levels were related to all periodontal parameters (p<0.01).

Conclusion: CF may not alter the activity of MMP-8, NE, and MPO. On the other hand, gingival inflammation had a pronounced effect
on salivary levels of these enzymes and the MMP-8/TIMP-1 molar ratio in children, irrespective of CF. Further investigations in
larger cohorts are needed to better clarify this issue.
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Amag: Kistik fibrozisli (KF) hastalar, akcigerlerde bozulmus proteaz-antiproteaz dengesi ile kendini gostermektedir. Bununla birlikte,
agiz sagligi kotu olan KF'li gocuklarda tukirik proteaz dengesini gosteren bir galisma hentiz bulunmamaktadir. Bu galismanin amaci,
gingivitise sahip olan veya olmayan KF'li cocuklarda tikurik matriks metalloproteinaz-8 (MMP-8), matriks metalloproteinaz-1 doku
inhibitord (TIMP-1), nétrofil elastaz (NE) ve miyeloperoksidaz (MPO) seviyelerinin arastirilmasidir.

Gereg ve Yontemler: Uc - on iki yaslari arasinda 11 KF ve 11 sistemik saglikli gocuk degerlendirildi. Klinik periodontal muayenede,
sondalanabilir cep derinligi, gingival indeks (Gi), plak indeksi (Pi) ve sondalamada kanama (SK) degerleri kaydedildi; ve tukiirik
ornekleri alindi. Tuktruk MMP-8, TIMP-1, NE ve MPO seviyeleri, immunoflorometrik analiz ve enzime bagli immiunosorbent analiz
metodlariyla degerlendirildi.
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Bulgular: KF ve sistemik saglikli gocuklarda tikirik MMP-8, TIMP-1, NE, MPO ve MMP-8/TIMP-1 molar orani diizeyleri benzerdi
(p>0,05). Gingivitise sahip olan gocuklarda tuktrik MMP-8, NE ve MPO seviyeleri periodontal olarak saglikli gocuklara gére hem KF
hem de sistemik olarak saglikli gruplarda anlamli olarak daha yiiksekti (p<0,05). MMP-8 ve MMP-8/TIMP-1 seviyeleri Gi, Pi ve SK ile
pozitif korelasyon gosterirken (p<0,05), NE ve MPO seviyeleri tim klinik periodontal parametrelerle iliskili bulundu (p<0,01).

Sonug: KF, MMP-8, NE ve MPO'nun aktivitesini degistirmeyebilir. Ancak gocuklarda gingival enflamasyon, KF'den bagimsiz olarak
bu enzimlerin tikirik seviyeleri ve MMP-8/TIMP-1 molar orani izerinde belirgin bir etkiye sahipti. Bu konuyu agikliga kavusturmak
icin daha buytk kohort galismalarina ve ileri arastirmalara ihtiyag vardir.

Anahtar Kelimeler: Gingivitis, matriks metalloproteinazlar, l6kosit elastaz, kistik fibrozis, biyomarkerlar, ttkdrik

Introduction

Cystic fibrosis (CF) is an autosomal recessive inflammatory
disease associated with the cystic fibrosis transmembrane
conductance regulatory (CFTR) gene dysfunction affecting
many organs, especially lungs, causing chronic destructive
pulmonary infections as the main reason for early death (1).
The CFTR dysfunction causes impaired ion channel function
and thus leads to the hyper-viscous secretions from exocrine
glands, including salivary glands, resulting in changed
salivary properties and profile (2,3). Mucus hyper-viscosity
furthermore facilitates increased colonization in the airways
by Gram-negative bacteria like Pseudomonas aeruginosa
leading to non-resolving neutrophilic inflammation (4). In
the pathogenesis of CF, proteolytic enzymes released by
neutrophils are believed to have a central role in processes
causing tissue damage and abnormal tissue remodeling
(5,6). In this context, matrix metalloproteases (MMPs),
which exert numerous biological functions including both
physiological remodeling of tissues and pathological tissue
destruction in chronic inflammatory conditions including
periodontal disease, seem to be of specific importance
(7,8). MMP secretion and activity are strictly regulated by
specific tissue inhibitors of metalloproteinases (TIMPs)
and a dysfunction of TIMPs and/or a MMP-TIMP disbalance
promotes the pathological destruction of gingival tissue (8).

Neutrophil elastase (NE) is well-known as one of the major
destructive proteases degrading extracellular matrix (ECM)
components, and is believed to have effects on increased
MMP activity and degradation of TIMPs. NE has also been
shown to be a biomarker of CF (7). In addition to NE,
myeloperoxidase (MPO) is the other important destructive
enzyme released by degranulation of neutrophils. MPO has
a pivotal role in oxidative stress mechanisms and it can
activate both latent proMMP-8 and proMMP-9 through this
way as well as oxidatively inactivate TIMPs (8). Therefore,
NE and MPO have the ability to modify inflammatory
reactions by promoting MMPs.

Studies have shown that CF patients have increased MMP-
9 and lower TIMP-1 concentrations due to the NE action in
their sputum or bronchoalveolar lavage fluid (BAL) (7,9). On
the other hand, clinical research clearly indicated altered
salivary flow rate and its components during the course
of CF (10). Saliva is an important fluid reflecting changes
in the oral cavity and thus periodontal inflammation (11). It
was hypothesized that changes in the salivary content and

increased levels of MMPs in CF might affect the periodontal
health. Therefore, this study aimed to investigate salivary
MMP-8, TIMP-1, MMP-8/TIMP-1 molar ratio, NE and MPO
levels in CF and systemically healthy children, in the
presence or absence of gingival inflammation.

Materials and Methods

Study population

Eleven children with CF (aged 3 to 12 years) monitored by
the Aydin Adnan Menderes University Faculty of Medicine,
Department of Pediatric Gastroenterology, Aydin, Turkey
between May 2016 and December 2018 were enrolled
for the present study. All children with CF had a verified
diagnosis by abnormal sweat test in combination with the
presence of characteristic clinical properties compatible
with the CF phenotype and/or a genotype with mutations.
CF patients who were clinically and symptomatically
stable with no acute respiratory infections for at least 4
weeks and with no other systemic disease were included.
Patients were excluded if they used probiotics or any anti-
inflammatory drugs, need for a lung transplantation, had
pulmonary exacerbation and have taken oral/intravenous
antibiotics or any other medications that may affect the
periodontium and study findings in the previous four
months (12). For the control group (C), eleven age and
gender matched systemically healthy children applied for
dental checkups to the Aydin Adnan Menderes University
Faculty of Dentistry, Aydin, Turkey were included. In both
groups, the exclusion criteria also included the received
periodontal treatment, use of medications (antibiotic or
other anti-inflammatory drugs) in the last four months,
presence of caries and having less than 10 fully-erupted
teeth. The ethical principles stated in the World Medical
Association’s Declaration of Helsinki were followed; and
this study protocol was approved by the Ethics Committee
on Clinical Researches of Ege University (decision number:
17-5/9, date: 11.09.2017). Following the aim and the
procedures of this study were explained, informed consent
was provided from all participants before the enrollment
[parents (in writing) and children (orally)].

Clinical Periodontal Assessment

Clinical periodontal examination was performed for each
participant in CF and C groups to identify their periodontal
status. For the clinical periodontal examination, probing
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pocket depth (PPD), gingival index (G (13), plaque index
(P (14) and bleeding on probing (BOP) (15) parameters
were measured and recorded at four sites (mesial, distal,
buccal, lingual/palatinal) on each fully-erupted tooth
present by a single calibrated periodontist (ZPKY) using a
Williams periodontal probe (Hu-Friedy, Chicago, IL). Clinical
attachment level was also evaluated, however data was
not shown since none of the children had any attachment
loss. Additionally, the determination of calculus formation
was performed by a visual assessment on the surface of
each tooth and noted as present or absent (16). This data
was not presented either since no calculus was observed
on any tooth surface in both CF and systemically healthy
children. The children were defined as periodontally healthy
(H) if they had clinically healthy gingiva (GI=0), good oral
hygiene, and PPD <3 mm with no clinical attachment loss
and radiographic bone loss. Children showing GI 21 and
PPD <3 mm were diagnosed with gingivitis (G). After the
completion of the periodontal examination, children were
further divided into subgroups based on their periodontal
conditions: CF and periodontally healthy (CF-H, n=6);
CF and gingivitis (CF-G, n=5); systemically healthy and
periodontally healthy (C-H, n=6); systemically healthy and
gingivitis (C-G, n=5).

Saliva Sampling

Saliva samples (n=22) were obtained by asking the
patients to expectorate into sterile 50 mL polypropylene
tubes for five minutes in the morning hours (8.00-10.00
am) following an overnight fast one day after the clinical
periodontal measurements (17). All children were requested
to avoid eating, drinking and any oral hygiene procedures
two hours before the sampling under supervision of their
parents. Obtained saliva was centrifuged at 10,000 x g for
15 minutes at 4 °C and the supernatants were snap frozen
(-20 °C) and stored at -80 °C.

MMP-8 Analysis by Immunofluorometric Assay

Salivary MMP-8 levels were measured by a time-resolved
immunofluorometric assay (Medix Biochemica, Espoo,
Finland), as previously described (18). The detection limit
for MMP-8 was 0.08 ng/mL.

TIMP-1, NE and MPO Analyses by Enzyme-linked
Immunosorbent Assay

Salivary TIMP-1, NE and MPO levels were determined
by commercial enzyme-linked immunosorbent assays
(ELISAs) (Human TIMP-1, Human Biotrak ELISA Systems,
GE Healthcare, Buckinghamshire, UK; Human NE, Platinum
ELISA, Bender MedSystemss GmbH, Vienna, Austria;
Human MPO, Immunodiagnostic AG, Bensheim, Germany)
according to the manufacturer’s instructions, as previously
described (19). The detection limit for TIMP-1 was 1.25 ng/
mL, for NE 1.98 pg/mL and for MPO 1.6 ng/mL.

The calculation of MMP-8/TIMP-1 molar ratio was performed
to convert ng/mL levels to mol/L (18).

Statistical Analysis

The distribution of all numerical variables was tested
by Shapiro-Wilk normality test. For data of BOP and NE
variables that were not normally distributed, normality was
achieved by logarithmic transformation. Then, 2x2 factorial
ANOVA was carried out for intergroup comparisons of all
descriptive variables including the effect of periodontal
status, systemic condition and interactions between CF
and the periodontal status. Sex ratio was assessed using
chi-square test. The possible correlations of biochemical
variables with clinical periodontal parameters were
analyzed using Pearson correlation test. All data analyses
were performed using the statistical software program
(SPSS, v22.0, IBM, Chicago, IL) at a=0.05 significance level.

Results

Demographic Characteristics and Clinical Findings

Demographics of the children with CF and systemically
healthy and their related subgroups are shown in Table 1.
Age and sex distribution were not significantly different
among the study groups (CF and C) as the groups were
matched (p>0.05). For subgroups, mean age (years) of CF-
G, C-G, CF-H and C-H was 8.20+2.59, 8.60+2.51, 6.00+3.16
and 6.00+1.67, respectively. The mean age of CF-H and
C-H was significantly lower than the CF-G and C-G ones
(p<0.05). Male-to-female ratio was similar among the
subgroups (p>0.05).

Clinical periodontal findings of CF and systemically healthy
children and their related subgroups are outlined in Table
2. Clinical periodontal measurements including PPD, Gl and
Pl values showed no significant difference between CF and
C groups (p>0.05), whereas BOP scores of the CF children
were significantly higher compared to the C children
(p<0.05). In the subgroups, CF-G and C-G had higher scores
of PPD, GI, BOP and Pl compared to CF-H and C-H children
(p=0.003 for PPD and p<0.0001 for GI, BOP, PD.

Biochemical Findings

The biochemical findings of the CF and systemically healthy
children and their related subgroups are outlined in Table
3. No significant differences were found between the CF
and C groups regarding salivary levels of MMP-8, TIMP-
1, MMP-8/TIMP-1 molar ratio, NE and MPO (p>0.05). The
CF-G and C-G subgroups exhibited elevated MMP-8, MMP-
8/TIMP-1, NE and MPO in saliva when compared to the
periodontally healthy subgroups (CF-H and C-H) (p<0.05);
while no statistically significant difference was observed in
salivary concentrations of TIMP-1 among all four subgroups
(p>0.05).

Correlations Between Clinical Parameters and

Biochemical Data
Correlations of age and clinical parameters with

biochemical data are presented in Table 4. Salivary NE
and MPO levels had a strong positive relationship with
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all clinical periodontal parameters (PPD, GI, BOP and PD
(p<0.01). MMP-8 levels and MMP-8/TIMP-1 molar ratio were
also positively associated with GI, BOP and PI (p<0.05). No
correlation was detected between age and the biochemical
parameters (MMP-8, TIMP-1, MMP-8/TIMP-1 molar ratio, NE
and MPO) (p>0.05).

Discussion

This age matched case-control study evaluating the possible
association between CF and periodontal health showed that
salivary MMP-8, MMP-8/TIMP-1, NE and MPO levels were
elevated in the presence of gingival inflammation in both
CF and systemically healthy children. Moreover, salivary
MMP-8, MMP-8/TIMP-1, NE and MPO levels were positively
correlated with Gl, BOP and Pl and also NE and MPO levels
in saliva were positively associated with PPD.

Earlier studies examining clinical periodontal status in
CF children reportedly stated no significant differences

in plague accumulation (20,21), gingival bleeding (21-24)
or calculus occurrence (22,23) between the patients of
CF and systemically healthy controls. In contrast to the
earlier reports, BOP scores were significantly increased
in children with CF compared to systemically healthy ones.
However, other periodontal parameters such as PPD and
Pl were not significantly different between CF children and
systemically healthy controls. These results may be due to
the differences in age ranges or clinical indexes evaluated
in previous studies (20-24). On the other hand, the current
findings of high BOP scores in CF patients suggested that
the systemic inflammation of CF could exacerbate gingival
inflammation and lead to the manifestation or worsening of
the clinical signs of periodontal disease. This is supported by
a recently published study that demonstrates a higher BOP
as well as an increased pro-inflammatory host response in
CF patients with gingivitis than those of non-CF (25).

There is a considerable evidence that function of salivary
glands are affected in patients with CF due to the defective

Table 1. Demographic data of groups and related subgroups

Cystic fibrosis (CF) Systemically healthy
(n=11) (Control) (C) (n=11)
Age (years) 7.00+3.00 7.18+2.40
Sex (F/M) 6/5 5/6
CF-H CF-G C-H C-G
(n=6) (n=5) (n=6) (n=5)
Age (years) 6.00£3.16 8.20+2.59 6.00+1.67 8.60+2.51
Sex (F/M) 3/3 3/2 3/3 2/3

CF-H: Cystic fibrosis-periodontally healthy, CF-G: Cystic fibrosis-gingivitis, C-H: Control-periodontally healthy, C-G: Control-gingivitis. Values in

bold: Significant differences (p<0.05) compared to CF-H and C-H

Table 2. Clinical periodontal evaluation of groups and related subgroups

Cystic fibrosis (CF) Systematically healthy Cystic fibrosis

(n=11) (Control) (C) (n=11) effect p-value
Gl 113+0.67 0.83+0.68 0.070
Pl 0.97+0.45 0.81:0.44 0.140
BOP (%) 1.33+0.39 110£0.43 0.001
PPD (mm) 2.07+0.37 2.03+0.41 0.695

(n=6) (n=5) (n=6) (n=5)

p-value p-value

Gl 0.61+0.21 1.74+0.45 0.32+0.15 1.44+0.53 <0.001 0.984
Pl 0.63+0.20 | 1.37+£0.32 0.46+0.15 1.24£0.22 <0.001 0.833
BOP (%) 1.01£0.13 1.72+£0.10 0.75+0.17 1.52+0.16 <0.001 0.607
PPD (mm) 1.81+£0.24 2.38+0.22 1.86+0.42 2.22+0.33 0.003 0.446
Gl: Gingival index, PIl: Plaque index, BOP: Bleeding on probing, PPD: Probing pocket depth, CF-H: Cystic fibrosis-periodontally healthy, CF-G:
Cystic fibrosis-gingivitis, C-H: Control-periodontally healthy, C-G: Control-gingivitis. Values in bold for two main groups: Significant difference
(p<0.05) from C group. Values in bold for subgroups: Significant differences (p<0.05) compared to CF-H and C-H




Keles Yiicel et al. Cystic Fibrosis and Gingival Health Relationship | 23

CFTR gene (26). Such genetic alteration can affect the
composition, properties and flow of saliva in patients with
CF (10,27-29). In addition, researchers have confirmed
altered salivary protein profiles in patients suffering from
CF (10,29). However, the literature dealing with periodontal

status in CF is based solely on clinical assessments
and specific proteins were not studied in saliva. In our
previous report, we evaluated whether salivary triggering
receptor expressed on myeloid cells-1, its putative ligand
peptidoglycan recognition protein-1 and also calprotectin

Table 3. Biochemical findings of groups and related subgroups

Cystic fibrosis (CF) Systematically healthy (Control) | Cystic fibrosis
(N=1D) ©) effect
. (N=11) p-value
MMP-8 (ng/mL) 671.49+208.91 499.35+£327.88 0.101
TIMP-1 (ng/mL) 358.41+£213.02 277.50+145.84 0.316
MMP-8/TIMP-1 111£0.72 0.92+0.77 0.534
NE (ng/mL) 2.53+0.56 2.23+0.56 0.193
MPO (ng/mL) 3623.65+1318.07 2817.82+1358.66 0.096
Cystic fibrosis-
(n=6) (n=5) (n=6) (n=5) y SIS
p-value interaction
p-value
MMP-8 (ng/mL) 527.48 169.84+ 844.31£67.90 359.83+382.69 | 666.77+146.46 | 0.006 0.961
TIMP-1 (ng/mL) 391.12+268.64 31916+140.38 323.89+171.85 221.83£95.69 | 0.289 0.852
MMP-8/TIMP-1 0.87+0.67 1.40+0.74 0.41£0.38 1.52+0.67 0.007 0.284
NE (ng/mL) 2.34+0.65 2.76x0.36 1.93+0.50 2.59+0.41 0.023 0.588
MPO (ng/mL) 3021.02+1231.48 | 4346.81:1117.64 | 1856.39+777.91 | 3971.54+898.97 | 0.001 0.379

MMP-8: Matrix metalloproteinase-8, TIMP-1: Tissue inhibitor of matrix metalloproteinases-1, NE: Neutrophil elastase, MPO: Myeloperoxidase,
CF-H: Cystic fibrosis-periodontally healthy, CF-G: Cystic fibrosis-gingivitis, C-H: Control-periodontally healthy, C-G: Control-gingivitis. For two
main groups: No significant difference (p>0.05) from C group. Values in bold for subgroups: Significant differences (p<0.05) compared to CF-H

and C-H

Table 4. Correlations between clinical and biochemical parameters

Age PPD Gl Pl BOP MMP-8 | TIMP-1 MMP-8/ | NE MPO

(years) | (mm) (%) (ng/mL) | (ng/mL) | TIMP-1 (ng/mL) | (ng/mL)
Age (years) 1 0.310 0.412 0.600" | 0.472" 0.310 0133 0.320 0.352 0.203
PPD (mm) 0310 |1 0.582" | 0.591" | 0.565" | 0.357 -0.253 0.313 0.5931 0.485'
Gl 0.412 0.582" |1 0.833" | 0.930" 0.502" -0.100 0.475" 0.5541 0.758"
Pl 0.600" | 0.591* 0.833f 1 0.876" 0.6621 -0.163 0.656" 0.541% 0.7241
BOP (%) 0.472" | 0.565" | 0.930* 0.876" |1 0.618t -0.071 0.549* 0.6061 0.704*
MMP-8 (ng/mL) | 0.310 0.357 0.502" 0.662' | 0.618" 1 0.089 0.64T* 0.68T7* 0.684"
TIMP-1 (ng/mL) | 0133 -0.253 | -0.100 -0163 | -0.07 0.089 1 -0.547" | 0.074 0.001
MMP-8/TIMP-1 0.32 0.313 0.475" 0.656" | 0.549" 0.64T* -0.54T7* 1 0.357 0.445
NE (ng/mL) 0.352 0.593t | 0.554! 0.541t | 0.606" 0.68T7* 0.074 0.357 1 0.748*
MPO (ng/mL) 0.203 0.485" | 0.758¢ 0.724" | 0.704! 0.684" 0.001 0.445" 0.748* 1

Gl: Gingival index, PI: Plaque index, BOP: Bleeding on probing, PPD: Probing pocket depth, MMP-8: Matrix metalloproteinase-8, TIMP-1: Tissue
inhibitor of matrix metalloproteinases-1, NE: Neutrophil elastase, MPO: Myeloperoxidase. “Correlation (in bold) is significant at the 0.05 level
(2-tailed); *Correlation (in bold) is significant at the 0.01 level (2-tailed)
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were associated with CF; and observed that CF children
showed a varying salivary biomarker profile, particularly
regarding the levels of calprotectin, in addition to elevated
gingival inflammation scores (30). We therefore investigated
the salivary analysis of proteolytic mediators with clinical
periodontal measurements to assess, for the first time, the
relationship of the periodontal status with CF.

Proteolytic enzymes released from neutrophils are taken
part in the pathophysiology of CF and the balance of MMPs
with their inhibitors or the activators is believed to reflect
the proteolytic processes of the disease (5). Increased
MMP-9 levels and MMP-9/TIMP-1 molar ratios have been
shown to correlate with NE activation in sputum (7) and
BAL (9) samples of CF children. This is corroborated by
elevated serum concentrations of MMP-8 and MMP-9 in
cases with CF lung disease (1). Contrary to sputum, BAL
or serum fluids, lower salivary MMP-9 concentrations have
been shown in CF patients than controls (26). The current
findings showed that CF does not appear to influence the
salivary levels of proteinases significantly, although these
enzymes tend to rise in CF. This observation may point
out the distinctiveness of the oral cavity from the lower
airway and blood or might be linked to the local responses
of CF rather than the systemic inflammatory response.
Yet, salivary MMP-8 and MMP-8/TIMP-1 molar ratio were
significantly increased in the gingivitis subgroup of CF
in comparison to the periodontally healthy CF children.
Additionally, in the systemically healthy group, children
with gingival inflammation had also higher levels of these
molecules compared to periodontally healthy children.
These findings are in accordance with the literature that
reveals the involvement of MMP-8 with gingival inflammation
(18,31-36).

It is also important to note that NE and MPO concentrations
in saliva were significantly elevated in addition to MMP-8 in
gingivitis subgroups in the present study. Evidence shows
that neutrophils release NE and MPO which in turn activate
MMP-8 and -9, respectively, in response to the accumulation
of plaque (8). Therefore, the increased MMP-8 and MMP-
8/TIMP-1 molar ratio might be a consequence of higher
levels of NE and MPO activity in children with gingivitis.
Our data also presented a significant correlation of MMP-
8 levels and MMP-8/TIMP-1 molar ratio with Gl, BOP and
Pl. Besides, the levels of NE and MPO also had a positive
relationship with all clinical periodontal parameters. If all
these findings of the study are taken into consideration, it
is likely that the increased levels of these enzymes in saliva
of children seems to be arised from the microbiological
condition regardless of the systemic condition. An activated
systemic inflammatory response by CF disease could have
a tendency to influence the gingival health, however in the
present study we evaluated these molecules solely in saliva
and also with a relatively small sample size. The results
of current study need to be verified with larger size of CF
patients.

Conclusion

Within the limitations of this study, the current findings
suggest that salivary MMP-8, TIMP-1, NE, MPO are similar
between children with CF or without CF. Importantly,
children with CF had elevated bleeding scores, and gingival
inflammation had a pronounced effect on salivary proteolytic
activity. Larger scale studies analysing neutrophilic
enzymes in biofluids are needed to determine the validity of
these results and to clarify the association between CF and
gingival inflammation.
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