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ARTICLE INFO ABSTRACT

Keywords: Objectives: To assess associations between gingival crevicular fluid (GCF) markers in patients with metabolic
metabolic syndrome syndrome, with or without concomitant periodontitis.

periodontitis ) Methods: A total of 95 patients with Metabolic Syndrome (MetS) had a periodontal examination and gingival
iizii;i::ekular fluid crevicular fluid samples taken. Proteomic analysis of gingival crevicular fluid (GCF) was carried out by Human

XL Cytokine protein arrays in 12 selected patients, followed by multiplex ELISA of 11 analytes in 95 participants.
Results: Increased levels of Aggrecan, IL-6 and IL-8 were found in patients with periodontal health compared
with moderate and severe periodontitis. The inverse stepwise association between severity of periodontitis and
reduced Aggrecan levels was also observed at adjusted linear regression analysis. Diagnosis of diabetes was
associated with higher GCF levels of IL-8 and MMP-8.

Conclusion: Diabetes may affect GCF levels of cytokines, irrespective of periodontal status. Periodontal status
may be associated with Aggrecan levels in the GCF of patients affected by metabolic syndrome.

Clinical significance: Investigation of GCF biomarkers may potentially help have diagnostic potential in patients

with MetS.

1. Introduction

Obesity, insulin resistance, hypertension and dyslipidemia often
cluster in the same group of individuals as part of a condition named
metabolic syndrome (MetS), which is in turn associated with an
increased risk of developing diabetes and cardiovascular events [1].
Associations between periodontitis and metabolic syndrome have been
suggested by epidemiological investigations including large national
surveys in the United States, Korea and Japan [2-4] and confirmed in
systematic reviews and meta-analyses [5]. A complex network of
inflammation, oxidative stress, genetic and behavioral factors probably
explain the association between periodontal disease and MetS [6-8].
The local inflammation triggered by subgingival microbial biofilm
accumulation may have systemic repercussions via bacterial influx in

the systemic circulation, as well as by the stimulation of a systemic in-
flammatory response [9].

The collection and analysis of gingival crevicular fluid (GCF) is now
considered a very important tool for the detection of molecular bio-
markers associated with periodontitis [10-11]. The composition of GCF
may at least partially reflect the systemic circulation [10]. Therefore,
studies of the composition of GCF could shed light into the relationships
between periodontal and systemic conditions. However, not many
comprehensive analyses of GCF markers have been conducted, as most
studies have focused on one or a handful of cytokines [11].

We hereby hypothesized that different inflammatory signatures
might be detected in the GCF of MetS patients according to periodontal
status. Therefore, the aim of this analysis was to assess associations
between GCF markers in patients with metabolic syndrome, with or
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without concomitant periodontitis.
2. Material and methods
2.1. Study population

This analysis was part of a larger case-control study investigating
clinical, periodontal, inflammatory, genetic and microbial factors in
patients with MetS. The study population has been reported previously
[12] and included 103 patients diagnosed with MetS based on the
revised NCEP ATP III criteria [13]. The analysis described in this paper
focused on associations between periodontitis and GCF markers. The
STROBE checklist was followed during the conduct and reporting of the
study. Participants were recruited among MetS patients attending the
Department of Internal Medicine (University of Catania). All partici-
pants signed informed consent to take part in the study and were
included in the study from July 2015 to July 2017. Ethics approval was
obtained by the sponsor institution, University of Catania (reference
4242/01), and separately by the clinical center (reference 1497/Cs). The
study was registered on clinicaltrials.gov (identifier NCT03297749).

2.2. Inclusion criteria

e Caucasian ethnicity;

o Age 25-75;

e Diagnosis of metabolic syndrome as defined by the revised NCEP
ATP III (e.g. the presence of at least 3 of the following factors) [13]:

e Waist circumference > 102 c¢m for men and > 88 c¢m for women;

e High triglycerides: > 150 mg/dL (1.7 mmol/L), or specific treatment
for this lipid abnormality;

e Low HDL cholesterol: < 40 mg/dL (1.03 mmol/L) in males, < 50 mg/
dL (1.29 mmol/L) in females, or specific treatment for this lipid
abnormality;

e High blood pressure: systolic BP > 130 or diastolic BP >85 mm Hg,
or treatment of previously diagnosed hypertension;

e High fasting plasma glucose: FPG >100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2 diabetes;

e Presence of at least 12 teeth;

2.3. Exclusion criteria

e Pregnancy;

e Presence of infectious diseases such as hepatitis and HIV;

e Antibiotic pre-medication required for the performance of peri-
odontal examination;

e Previous periodontal therapy within 6 months of the study visit;

2.4. Medical assessment and sampling

Medical and smoking histories were recorded, body mass index
(BMI) and waist circumference were taken [12], Patients’ dental history
was investigated, including family history of periodontal disease, fre-
quency of dental appointments, date of last appointment and previous
treatment, reasons for tooth loss and frequency and type of tooth
brushing. A six sites/tooth periodontal examination was carried out by a
single calibrated examiner including full mouth plaque scores (FMPS)
[14], full mouth probing pocket depth (PPD), clinical attachment level
(CAL) bleeding on probing (FMBS)13, tooth mobility and furcation
involvement. According to the study protocol, patients were classified as
having periodontitis according to the criteria below [15]:

e healthy/mild periodontitis: < 2 sites on different teeth with CAL > 4
mm or no sites with PPD > 4 mm;

e moderate periodontitis: > 2 sites on different teeth with CAL > 4 mm
or one site with PPD > 4 mm;
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e severe periodontitis: > 2 sites on different teeth with CAL > 6 mm
and > 1 site with PPD > 4 mm;

2.5. Gingival crevicular fluid collection and analysis

Gingival crevicular fluid (GCF) samples were taken prior to peri-
odontal probing to avoid contamination by blood. Four samples were
taken from the mesio-buccal surfaces of first molars. In the absence of
these teeth, neighboring teeth were chosen (second premolars, second
molars, first premolars, canines in this order). The selected sites were
isolated with cotton roll and supragingival plaque, if present, was
removed using a curette to prevent saliva and/or plaque contamination.
GCF was collected for 60 seconds using PerioPaper strips (OraFlow, Inc.)
placed gently until slight resistance was felt. The four samples were
pooled into Eppendorf tubes and then placed in the laboratory freezer at
-80 °C for storage.

2.6. Gingival crevicular fluid analysis

Samples were then thawed and eluted in PBS (pH 7.2+0.2) supple-
mented with Easypack Protease Inhibitor Cocktail (Roche) as described
in Curtis et al. 1988 [16]. Briefly, the periopaper strips were placed in a
perforated 0.5 ml microcentrifuge tube which was held inside a 1.5 ml
tube. The elution buffer (50uL) was added on to the strips and placed in a
vortex shaker for 2 minutes before centrifugation for 15 minutes at 11,
000 rpm and 4C. The centrifugation was repeated with a further 50uL of
the elution buffer added on to the strips, to yield ~90uL of total eluted
GCF. Protein concentration was quantified using an LVis plate (BMG
Labtech CLARIOstar) calibrated with Bovine Serum Albumin (Sigma).
50 pg of protein from 12 patient samples each were analysed using the
Human XL Cytokine protein array (R&D Systems) which consisted of a
panel of 105 cytokines. These 12 patients were consecutively selected
based on diagnosis of severe periodontitis (n=6) and periodontal health
(n=6). Densitometric dot blot analysis of the x-ray films exposed to array
membranes were performed using the ImageJ software [17]. The
normalized pixel density values were used in multivariate data and
statistical analysis. Based on these analyses, 11 analytes were chosen for
quantification in all samples using Luminex assays. These were Aggre-
can, CCL-2, Complement factor D, IL-11, IL-6, IL-8, IL-17, MMP-8,
Resistin, TFF-3, DPP IV. Assays were conducted according to the man-
ufacturer’s instructions with a 4-fold sample dilution for all analytes
except TFF-3 and DPPIV, which were quantified in a 10-fold diluted
sample.

2.7. Statistical analysis/power calculation

The sample size calculation was based on the pulse-wave velocity
outcome (primary outcome in the original study protocol), resulting in a
required sample size of 102 patients. No sample size estimation was
conducted for the GCF analysis.

Data were entered in a computer as an Excel file and proofed for
entry errors. The resulting database was locked and loaded in SPSS
Version 26.0. Continuous, normally distributed variables are reported as
means + standard deviations (SD). Comparisons of continuous and
categorical data between groups were analysed with ANOVA and Chi-
square test, respectively. Values of analytes were checked for normal
distribution and were log-transformed for analysis if not normally
distributed. Periodontal categories of healthy-mild, moderate and severe
as stated above were used for analysis. Linear regression analysis was
performed to test associations between periodontitis and GCF analytes,
adjusted for age, gender, smoking, diabetes and BMI.

3. Results

Out of a total of 103 patients included in the study, 95 had GCF
samples which were analysed. Others were either not taken or discarded
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as contaminated with blood. Demographic and clinical characteristics of
the 95 included subjects are reported in table 1. Patients were on
average 58 years old, with a majority of males (62.1%), and had an
average BMI of nearly 32. Ten subjects were classified as no-mild peri-
odontitis, 34 as moderate periodontitis and 51 as severe periodontitis'*.
Sixty-nine patients (72.6%) were diagnosed with diabetes. Thirty-eight
patients (40%) had Hb1Ac levels > 7.0%.

3.1. Results of preliminary proteome profiler human XL cytokine array

Results of Human XL Cytokine array on 105 soluble analytes in 12
selected patients (6 periodontally healthy and 6 with severe periodon-
titis) are reported in Fig. 1. A total of 14 analytes were not detected in at
least half of the samples. Log-transformed values of the remaining 95
analytes were analysed by ANOVA to explore potential associations with
periodontal status. The biggest differences in absolute median values
between periodontally healthy and severe periodontitis were registered
for IL-6 (increased in healthy) and TFF-3 (increased in periodontitis).
The following analytes showed some tendency to be associated with
presence of moderate to severe periodontitis (at p value threshold <
0.15): IL-17, relaxin-2, cystatin C, IL-3, VEGF complement factor D, M-
CSF, IL-6, FGF-19, Serpin E1 and Aggrecan. Based on these differences,
on overall levels and on previous literature, the following eleven ana-
lytes were selected for multiplex ELISA: Aggrecan, CCL-2, Complement
factor D, IL-11, IL-6, IL-8, IL-17, MMP-8, Resistin, TFF-3, DPP IV.

3.2. Multiplex ELISA

Results of Multiplex ELISA on the 11 selected analytes on the 95
included patients, grouped by periodontal diagnosis, are reported in
table 2. Increased levels of Aggrecan, IL-6 and IL-8 were found in pa-
tients with periodontal health compared with moderate and severe
periodontitis (unadjusted ANOVA p=0.034, 0.048 and p=0.038
respectively). Linear regression analysis showed that only Aggrecan was
significantly associated with periodontal status (p=0.026). Cytokine
interrelationships also changed between mild to moderate and severe
periodontitis groups. Complement factor D, Resistin, IL-6, IL-11, IL-8
and MMP-8 showed negative associations with other cytokines in the
mild group, but this relationship was observed to shift to a positive as-
sociation with other cytokines in the moderate and severe groups.

Among covariates, presence of diabetes (p=0.002) and female
gender (p=0.006) were associated with increased IL-8 levels. Diagnosis
of diabetes was also associated with increased MMP-8 levels, irre-
spective of periodontal diagnosis (p< 0.001).

Fig. 2 shows correlation matrices (Pearson) of the studied analytes
for patients divided by periodontal diagnosis (no-mild vs. moderate vs.
severe). Some differences in correlation patterns by periodontal status
were detected, especially for complement factor D, MMP8 & IL-6. Sig-
nificant positive correlations were detected between DPP IV and IL-8,
with negative associations between DPP IV and IL-6, Resistin and IL-8

Table 1
Demographics and dental history of 95 cases included in GCF analysis. BMI=
body mass index. DM= Diabetes Mellitus.

Average
Age 58.45 + 10.01
BMI 32.08 + 4.31
Frequency
Gender Male 59 (62.1%)
Female 36 (37.9%)

Diagnosis of DM
Smoking status

69 (72.6%)
63 (66.3%)
25 (26.3%)

Non smoker
Current smoker

Former smoker 7 (7.4%)
Tooth brushing frequency <1/day 6 (5.9%)
1/day 34 (33.0%)

At least 2/day 63 (61.1%)
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in the mild periodontitis group (p<0.05). These associations were
observed to weaken or reverse in the moderate and severe groups
compared to the mild periodontitis group. Complement factor D was
negatively correlated with IL-6, IL-8, MMP-8 and Resistin in the mod-
erate periodontitis group (p<0.005), whereas no significant associations
between these cytokines could be detected in the mild periodontitis
group.

4. Discussion

This study consisted of a comprehensive proteomic GCF analysis in
patients with the metabolic syndrome, subdivided by periodontal status.
A total of 105 analytes were assessed in a subset of the study population
(N=12), and then ten analytes were selected for multiplex immunoassay
analysis in the larger population of 95 MetS patients. Some interesting
and novel findings emerged.

Among analytes initially selected based on exploratory analysis with
the Human XL Cytokine array, Aggrecan is a proteoglycan part of the
extracellular matrix in cartilaginous tissue, with a potential role in
cartilage deterioration during joint injury, disease and aging. It has been
shown that the inflammatory cascade can decrease aggrecan synthesis
and increase its catabolism through up-regulation of matrix degrading
enzymes, such as MMPs and aggrecanases [18]. The loss of aggrecan
molecules is thought to be an early event preceding the breakdown of
cartilage tissue [19]. Although we are not aware, to the best of our
knowledge, of any reports regarding the detection of aggrecan in GCF,
another chondroitin sulfate proteoglycan, versican, has been suspected
to be involved in epithelial differentiation and downgrowth in porcine
gingiva [20]. Interestingly, total aggrecan levels have been reported to
decrease in patients affected by RA compared with healthy controls,
suggesting a decreased aggrecan turnover in RA patients [21].
Conversely, other studies detected higher levels of aggrecan in the cir-
culation in patients with RA vs. healthy subjects [22-23] and in patients
with osteoarthritis compared with psoriatic arthritis [24]. Furthermore,
aggrecans may have a role in vascular plasticity and remodeling [25]. It
has also recently emerged that T cells that recognize citrullinated
aggrecan are present in patients with RA and that aggrecan-specific T
cells and antibodies are potentially markers to monitor patients with RA
or at-risk subjects [26]. The detection of aggrecan in the GCF probably
reflects exudation of this proteoglycan or of its fragments from the blood
through the gingival crevice. The decrease in aggrecan levels in patients
with periodontitis observed here may reflect mechanisms of associations
between periodontitis and RA [27], further compounded by a potential
association between RA and MetS [28].

A recent systematic review by our group showed that MMP-8 had
good sensitivity and specificity in GCF for diagnosis of periodontitis,
making it a very promising biomarker [29]. In the present study, no
statistically significant differences in MMP-8 levels were observed for
periodontal status. However, a strong association was detected between
GCF levels of MMP-8 and diagnosis of diabetes. This is in agreement with
previous studies [30] and may reflect the role of MMPs in multiple
pathways leading to diabetic microvascular complications [31].

Another cytokine correlated with diagnosis of diabetes in this study
was IL-8, which is prevalently released from endothelial cells, gingival
fibroblasts, neutrophils, monocytes, and phagocytes, and is involved in
neutrophil activation [32]. The results presented in this study are in
agreement with a recent systematic review and meta-analysis showing
significantly lower IL-8 levels in GCF of CP patients in comparison with
periodontally healthy subjects [33]. Among other cytokines studied,
despite promising results in the preliminary analysis of 12 samples, no
statistically significant associations with periodontal status or with
diagnosis of diabetes were detected in the larger sample for Resistin,
CCL-2, Complement Factor D, IL-6, IL-11, IL-17, DPP IV and TFF3.

Strengths of this study are the ethnic homogeneity of the included
subjects and the comprehensive GCF analysis. The explorative approach
of the first phase involving 105 cytokines is balanced by the more
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Fig. 1. Volcano plot (A) with labels highlighting some proteins that showed differences. The heatmap (B) to help show the scale of changes in the proteins that

showed the most differences.

Table 2

Log-transformed mean values of analytes (+ standard deviations), expressed in pog/ml, for patients divided by periodontal status.
Analyte(pg/ml log- Healthy-mild periodontitis Moderate periodontitis Severe periodontitis Unadjusted p value Adjusted p value (linear regression
transformed) (n=10) (n=34) (n=51) (ANOVA) analysis)
Aggrecan 6.63 = 0.18 6.48 = 0.25 6.37 = 0.36 0.034 0.026
CCL-2 3.59 £+ 0.64 3.70 = 0.56 3.71 £ 0.36 0.836 0.722
Complement factor D 9.67 + 0.37 9.30 + 0.62 9.47 £ 0.75 0.267 0.490
IL-6 2.83 +£0.38 2.24 + 0.46 2.30 + 0.82 0.048 0.206
IL-8 8.36 + 0.37 7.55 + 0.85 7.63 = 0.96 0.038 0.265
IL-11 6.21 £1.42 5.59 +£1.38 5.50 = 1.44 0.355 0.152
1L-17 2.08 +1.04 2.16 + 0.82 2.39 + 0.53 0.218 0.172
MMP-8 13.05 + 0.37 12.52 + 0.85 12.83 + 0.77 0.085 0.316
Resistin 10.33 +1.82 9.73 £1.25 10.07 + 1.53 0.415 0.391
DPP IV 1.60 + 4.03 3.08 + 4.14 3.47 + 4.26 0.436 0.262
TFF3 9.12 +£1.22 9.41 +1.37 9.12+1.26 0.597 0.958
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Fig. 2. Correlation matrices (Pearson) of the studied analytes for patients divided by periodontal diagnosis (no-mild vs. moderate vs. severe periodontitis).

focused approach of the second phase limited to 11 cytokines. A limi-
tation of this study is the absence of controls without the metabolic
syndrome. However, internal controls (patients with MetS with no
periodontitis) were present. Results have been presented in levels per 60
seconds rather than in concentrations, as GCF volume measurement was

not carried out. Although this can be considered a limitation, total
cytokine amount or levels per 60 seconds have previously been sug-
gested as more representative of the disease status than the evaluation of
protein concentration [34-35].

Overall, this study suggests that presence of diabetes influences the
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level of cytokines in the GCF. Furthermore, this study shows for the first
time that aggrecan is present at relatively high levels in the GCF and that
it may be inversely correlated with the severity of periodontitis. Future
studies about this and other proteoglycans may help understanding the
association between periodontal disease and metabolic syndrome. Pro-
spective studies investigating biomarkers and treatment response in
patients with MetS and periodontitis are also recommended.

5. Compliance with ethical standards

Funding: The study was funded by the 2016-2018 Research Plan of
the University of Catania, Catania, Italy, Department of Clinical and
Experimental Medicine (project # A).

Ethical approval: Ethics approval was obtained by the sponsor
institution, University College London (reference 4242/01), and sepa-
rately by the clinical center (reference 1497/Cs). The study was per-
formed in accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments or comparable
ethical standards.

Informed consent: All participants provided written informed con-
sent to take part in the study.

6. Author contributions

Nibali: conceptualization, data curation and analysis, methodology,
investigation, paper writing

Stephen: data curation and analysis, methodology, investigation,
paper reviewing and editing

Hagi-Pavli: data curation and analysis, methodology, investigation,
paper reviewing and editing

Allaker: investigation, paper reviewing and editing

Di Pino: data curation and analysis, investigation, paper reviewing
and editing

Terranova: data curation and analysis, investigation, paper review-
ing and editing

Pisano: data curation and analysis, investigation, paper reviewing
and editing

Di Marca: data curation and analysis, investigation, paper reviewing
and editing

Ferrara: data curation and analysis, investigation, paper reviewing
and editing

Scicali: data curation and analysis, investigation, paper reviewing
and editing

Giordano: data curation and analysis, investigation, paper reviewing
and editing

Purrello: data curation and analysis, investigation, paper reviewing
and editing

Donos: conceptualization, resources, methodology, investigation,
paper reviewing and editing

Malatino: data curation and analysis, investigation, paper reviewing
and editing

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We acknowledge the Oral theme of the NIHR UCLH/UCL Biomedical
Research center (BRC) for this work. The study was also funded by the
2016-2018 Research Plan of the University of Catania, Catania, Italy,
Department of Clinical and Experimental Medicine (project # A). The
help of Dr Salvatore Campione in setting up the collaboration between
the research teams is gratefully acknowledged.

Journal of Dentistry 118 (2022) 104065

References

[1] S Mottillo, KB Filion, J Genest, et al., The metabolic syndrome and cardiovascular
risk a systematic review and meta-analysis, J. Am. Coll. Cardiol. 56 (2010)
1113-1132.

[2] F D’Aiuto, W Sabbah, G Netuveli, et al., Association of the metabolic syndrome
with severe periodontitis in a large U.S. population-based survey, J. Clin.
Endocrinol. Metab. 93 (2008) 3989-3994.

[3] T Morita, Y Ogawa, K Takada, et al., Association between periodontal disease and
metabolic syndrome, J. Public Health Dent. 69 (2009) 248-253.

[4] YE Kwon, JE Ha, DI Paik, Jin BH, KH. Bae, The relationship between periodontitis
and metabolic syndrome among a Korean nationally representative sample of
adults, J. Clin. Periodontol. 38 (2011) 781-786.

[5] L Nibali, N Tatarakis, I Needleman, et al., Clinical review: association between
metabolic syndrome and periodontitis: a systematic review and meta-analysis,

J. Clin. Endocrinol. Metab. 98 (2013) 913-920.

[6] T Ohnishi, K Bandow, K Kakimoto, M Machigashira, T Matsuyama, T. Matsuguchi,
Oxidative stress causes alveolar bone loss in metabolic syndrome model mice with
type 2 diabetes, J. Periodontal Res. 44 (2009) 43-51.

[7]1 Li P, Zhang Dk, Zhang Jr, L Chen, Detection of the parameters for early
atherosclerosis in patients with metabolic syndrome and periodontitis, Beijing da
Xue Xue Bao Yi Xue Ban 43 (2011) 34-39.

[8] DH Han, HS Shin, MS Kim, D Paek, HD Kim, Group of serum inflammatory markers
and periodontitis-metabolic syndrome coexistence in Koreans, J. Periodontol. 83
(2012) 612-620.

[9] GJ Linden, A Lyons, FA. Scannapieco, Periodontal systemic associations: review of
the evidence, J. Clin. Periodontol. 40 (2013) S8-19. AprSuppl 14.

[10] SP Barros, R Williams, S Offenbacher, T. Morelli, Gingival crevicular fluid as a
source of biomarkers for periodontitis, Periodontol 70 (2016) 53-64, 2000.

[11] NA. Ghallab, Diagnostic potential and future directions of biomarkers in gingival
crevicular fluid and saliva of periodontal diseases: review of the current evidence,
Arch. Oral. Biol. 87 (2018) 115-124.

[12] L Nibali, N Donos, V Terranova, et al., Left ventricular geometry and periodontitis
in patients with the metabolic syndrome, Clin. Oral Investig. 23 (6) (2019)
2695-2703.

[13] SM Grundy, HB Brewer Jr, JI Cleeman, SC Smith Jr, C Lenfant, Definition of
metabolic syndrome: report of the National Heart, Lung, and Blood Institute/
American Heart Association conference on scientific issues related to definition,
Circulation 109 (2004) 433-438.

[14] A Guerrero, GS Griffiths, L Nibali, et al., Adjunctive benefits of systemic amoxicillin
and metronidazole in non-surgical treatment of generalized aggressive
periodontitis: a randomized placebo-controlled clinical trial, J. Clin. Periodontol.
32 (2005) 1096-1107.

[15] RC Page, PI. Eke, Case definitions for use in population Based surveillance of
periodontitis, J. Periodontol. 78 (2007) 1387-1399.

[16] MA Curtis, GS Griffiths, SJ Price, SK Coulthurst, NW. Johnson, The total protein
concentration of gingival crevicular fluid. Variation with sampling time and
gingival inflammation, J. Clin. Periodontol. 15 (1988) 628-632.

[17] CA Schneider, WS Rasband, KW. Eliceiri, NIH Image to ImageJ: 25 years of image
analysis, Nat. Methods 9 (2012) 671-675.

[18] G Murphy, H. Nagase, Reappraising metalloproteinases in rheumatoid arthritis and
osteoarthritis: destruction or repair? Nat. Clin. Pract. Rheumatol. 4 (2008)
128-135.

[19]1 PJ Roughley, JS Mort, The role of aggrecan in normal and osteoarthritic cartilage,
J. Exp. Orthop. 1 (2014) 8.

[20] Y Abiko, M Nishimura, F Rahemtulla, I Mizoguchi, T. Kaku, Immunohistochemical
localization of large chondroitin sulphate proteoglycan in porcine gingival
epithelia, Eur. J. Morphol. 39 (2001) 99-104.

[21] JC Rousseau, EU Sumer, G Hein, et al., Patients with rheumatoid arthritis have an
altered circulatory aggrecan profile, BMC Musculoskelet. Disord. 9 (2008) 74.

[22] A Szeremeta, A Jura-Poltorak, A Zon-Giebel, M Kope¢-Medrek, EJ Kucharz,

K. Olczyk, Aggrecan turnover in women with rheumatoid arthritis treated with
TNF-a inhibitors, J. Clin. Med. 9 (2020) 1377.

[23] MM El-Arman, G El-Fayoumi, E El-Shal, I El-Boghdady, A. El-Ghaweet, Aggrecan
and cartilage oligomeric matrix protein in serum and synovial fluid of patients with
knee osteoarthritis, HSS J. 6 (2010) 171-176.

[24] M Waszczykowski, A Fabis-Strobin, I Bednarski, A Lesiak, J Narbutt, J. Fabis,
Serum biomarkers of inflammation and turnover of joint cartilage can help
differentiate psoriatic arthritis (PsA) patients from osteoarthritis (OA) patients,
Diagnostics (Basel) 11 (2020) 52.

[25] G Suna, W Wojakowski, M Lynch, et al., Extracellular matrix proteomics reveals
interplay of aggrecan and aggrecanases in vascular remodeling of stented coronary
arteries, Circulation 137 (2018) 166-183.

[26] C Rims, H Uchtenhagen, MJ Kaplan, et al., Citrullinated aggrecan epitopes as
targets of autoreactive CD4+ T Cells in patients with rheumatoid arthritis, Arthrit.
Rheumatol. 71 (2019) 518-528.

[27] J Potempa, P Mydel, J. Koziel, The case for periodontitis in the pathogenesis of
rheumatoid arthritis, Nat. Rev. Rheumatol. 13 (2017) 606-620.

[28] P Ruscitti, P Cipriani, V Liakouli, et al., Occurrence and predictive factors of high
blood pressure, type 2 diabetes, and metabolic syndrome in rheumatoid arthritis:
findings from a 3-year, multicentre, prospective, observational study, Clin. Exp.
Rheumatol. “in press” (2020), 2020 Dec 4.

[29] N Arias-Bujanda, A Regueira-Iglesias, C Balsa-Castro, L Nibali, N Donos, I. Tomas,
Accuracy of single molecular biomarkers in gingival crevicular fluid for the
diagnosis of periodontitis: A systematic review and meta-analysis, J. Clin.
Periodontol. 46 (2019) 1166-1182.


http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0001
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0001
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0001
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0002
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0002
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0002
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0003
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0003
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0004
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0004
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0004
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0005
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0005
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0005
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0006
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0006
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0006
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0007
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0007
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0007
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0008
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0008
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0008
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0009
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0009
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0010
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0010
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0011
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0011
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0011
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0012
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0012
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0012
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0013
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0013
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0013
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0013
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0014
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0014
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0014
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0014
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0015
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0015
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0016
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0016
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0016
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0017
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0017
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0018
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0018
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0018
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0019
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0019
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0020
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0020
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0020
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0021
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0021
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0022
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0022
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0022
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0023
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0023
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0023
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0024
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0024
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0024
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0024
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0025
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0025
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0025
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0026
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0026
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0026
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0027
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0027
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0029
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0029
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0029
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0029

L. Nibdli et al.

[30]

[31]

[32]

[33]

MS Kumar, G Vamsi, R Sripriya, PK. Sehgal, Expression of matrix
metalloproteinases (MMP-8 and -9) in chronic periodontitis patients with and
without diabetes mellitus, J. Periodontol. 77 (2006) 1803-1808.

C Tsioufis, I Bafakis, A Kasiakogias, C. Stefanadis, The role of matrix
metalloproteinases in diabetes mellitus, Curr. Top. Med. Chem. 12 (2012)
1159-1165.

H. Birkedal-Hansen, Role of cytokines and inflammatory mediators in tissue
destruction, J. Periodontal Res. 28 (1993) 500-510.

LS Finoti, R Nepomuceno, SC Pigossi, SC Corbi, R Secolin, RM. Scarel-Caminaga,
Association between interleukin-8 levels and chronic periodontal disease: A

[34]

[35]

Journal of Dentistry 118 (2022) 104065

PRISMA-compliant systematic review and meta-analysis, Medicine (Baltimore). 96
(2017) e6932.

1B Lamster, RL Oshrain, JM. Gordon, Enzyme activity in human gingival crevicular
fluid: considerations in data reporting based on analysis of individual crevicular
sites, J. Clin. Periodontol. 13 (1986) 799-804.

IL Chapple, JB Matthews, GH Thorpe, HD Glenwright, JM Smith, MS. Saxby, A new
ultrasensitive chemiluminescent assay for the site-specific quantification of
alkaline phosphatase in gingival crevicular fluid, J. Periodontal Res. 28 (1993)
266-273.


http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0030
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0030
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0030
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0031
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0031
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0031
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0032
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0032
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0033
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0033
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0033
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0033
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0034
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0034
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0034
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0035
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0035
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0035
http://refhub.elsevier.com/S0300-5712(22)00122-1/sbref0035

	Analysis of gingival crevicular fluid biomarkers in patients with metabolic syndrome
	1 Introduction
	2 Material and methods
	2.1 Study population
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Medical assessment and sampling
	2.5 Gingival crevicular fluid collection and analysis
	2.6 Gingival crevicular fluid analysis
	2.7 Statistical analysis/power calculation

	3 Results
	3.1 Results of preliminary proteome profiler human XL cytokine array
	3.2 Multiplex ELISA

	4 Discussion
	5 Compliance with ethical standards
	6 Author contributions
	Declaration of Competing Interest
	Acknowledgements
	References


