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Granulocyte-macrophage colony-
stimulating factor (GM-CSF) in
subjects with different stages of
periodontitis according to the new
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a
multifunctional cytokine that regulates inflammatory responses in various
autoimmune and inflammatory disorders. Objective: The purpose of this study
was to analyze the gingival crevicular fluid (GCF) for GM-CSF, interleukin-1
beta (IL-1B), and macrophage inflammatory protein-1 alpha (MIP-1a) levels
in patients with stage I, stage II, stage III, and stage IV periodontitis (SI-
P, SII-P, SIII-P, and SIV-P). Methodology: A total of 126 individuals were
recruited for this study, including 21 periodontal healthy (PH), 21 gingivitis
(G), 21 SI-P, 21 SII-P, 21 SIII-P, and 21 SIV-P patients. Plaque index (PI),
gingival index (GI), presence of bleeding on probing (BOP), probing depth
(PD), and attachment loss (AL) were used during the clinical periodontal
assessment. GCF samples were obtained and analyzed by an enzyme-linked
immunosorbent assay (ELISA). Results: GCF GM-CSF, MIP-1a, and IL-1B were
significantly higher in SII-P and SIII-P groups than in PH, G, and SI-P groups
(p<0.05). There was no significant difference among the PH, G, and SI-P
groups in IL-1B, GM-CSF, and MIP-1a levels (p>0.05). Conclusions: These
results show that GM-CSF expression was increased in SII-P, SIII-P, and
SIV-P. Furthermore, GM-CSF levels may have some potential to discriminate
between early and advanced stages of periodontitis.
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Periodontitis is a chronic inflammatory disease
that is very common in humans.! Periodontitis is
characterized by the irreversible destruction of
tooth support tissues, and if left untreated, it causes
tooth loss, negatively affecting chewing function
and aesthetics. Moreover, periodontitis negatively
affects systemic health by increasing the risk of
systemic diseases such as rheumatoid arthritis and
atherosclerosis.? Although periodontitis begins with
microorganisms that exist in dental plaque, the
severity and progression of the disease are determined
by the host’s immune response.?® In periodontal
disease, the first cells that dominate the inflammatory
site are neutrophils, which kill pathogens by means
such as phagocytosis and degranulation. During the
early stages of periodontal disease, neutrophils arrive
at the area of inflammation and kill the pathogens.
However, in the later stages of the disease, neutrophils
become hyperactive.* Neutrophils that have become
hyperactive increase the release of superoxides,
pro-inflammatory cytokines, and some destructive
enzymes that play a role in tissue destruction.®
Neutrophil functions are heavily regulated by colony-
stimulating factors (CSFs).6

Granulocyte-macrophage colony-stimulating
factor (GM-CSF) is a member of the CSF family and is
produced from hematopoietic progenitor cells.” GM-CSF
plays a critical role in inflammation and autoimmunity
and stimulates hematopoietic progenitor cells in
the bone marrow to form neutrophils, eosinophils,
monocytes, and macrophages. It also promotes the
activation and survival of monocytes and macrophages
in inflamed tissues.® Clinical findings have shown
that GM-CSF is associated with various inflammatory
diseases, such as rheumatoid arthritis, atherosclerosis,
multiple sclerosis, and lung diseases.®® An animal
study, conducted by Lam and colleagues, showed that
experimental periodontitis decreased when GM-CSF
had been blocked.!® Studies have reported that GM-
CSF induces periodontal inflammation in response to
periodontal bacteria and plays an important role in
pathological bone destruction.-13

Macrophage inflammatory protein-1 alpha (MIP-
la) is a biologically active chemokine that helps
monocytes and/or osteoclast progenitor cells to
become active osteoclasts.!**> Chemokines have
been reported to have strong effects in the removal

of neutrophils from inflammatory sites.*¢ It has also
been found that GM-CSF regulates the expression of
pro-inflammatory cytokines, such as tumour necrosis
factor (TNF), interleukin 6 (IL-6), interleukin 1B (IL-
1B), and chemokine receptors, as well as increasing
the migration of neutrophils to peripheral tissues.®'”
A study conducted by Zhang and colleagues reported
that patients with periodontitis showed a significant
increase in the level of chemokines that are related
to granulocyte-macrophage colony-stimulating
factor (GM-CSF) in gingival tissues. Also, anti-G-CSF
antibody therapy importantly decreased the messenger
ribonucleic acid (mRNA) release of chemokines, IL-13,
IL-6, and matrix metalloproteinase 9 in periodontal
tissues. According to these findings, it is thought that
blocking G-CSF results in low neutrophil release from
chemokines.!3

Neutrophils have a very important role in the
development of periodontitis. GM-CSF, which has a
key role on neutrophil functions, is thought to be
effective on the expression of IL-1B and MIP-1a in
periodontal inflammatory tissues. In previous studies,
IL-1B, GM-CSF, and MIP-1a changes in gingival
crevicular fluid (GCF) were investigated in individuals
with periodontitis, but no study has evaluated
these biomarkers together at different stages of
the disease.'8-2° The hypothesis of this study is that
GCF GM-CSF, which is thought to be effective on the
release of IL-1B and MIP-1a, may increase with the
progression to later stages of periodontitis. Therefore,
the purpose of this study was two-fold: first, to conduct
comparative research into the GCF GM-CSF, IL-13, and
MIP-1a levels of periodontal healthy (PH), gingivitis
(G), and periodontitis individuals, and second, to
investigate the correlation between biochemical
parameters and clinical parameters.

Between July 2020 and April 2021, 126 participants
(61 men and 65 women), aged from 28 to 48 years
(mean age = 37.65%4.26 years) were enrolled in a
study conducted at the Department of Periodontology,
in the Faculty of Dentistry at Usak University. This
study was verified by the Ethics Committee of Usak
University’s Faculty of Medicine (protocol number:
80-02-01) and conducted in compliance with the
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Declaration of Helsinki. This study was recorded
on the clinical studies registry NCT04629313. First,
individuals were informed of the purpose and design
of this study. Then, written informed consent was
provided by them.

Individuals’ medical and dental histories were
obtained, and those who had systemic diseases, such
as diabetes and immunological diseases affecting
inflammatory conditions, were excluded from the
study. Also excluded from this study were smokers,
pregnant women, breastfeeding women, those who
had received periodontal treatment in the previous
six months, and those who used antibiotics or anti-
inflammatory drugs. The subjects included in the
study consisted of non-smoking individuals who had
no systemic diseases and at least 16 permanent teeth
in their mouths.

Plague index (PI), gingival index (GI), and the
presence of bleeding on probing (BOP) were measured
by an experienced and calibrated periodontist (AD)
who was unaware of the study groups and used a
manual probe (Williams, Hu-Friedy, Chicago, IL) in four
regions of each tooth, except for the third molars.?!-%
Measurements for probing depth (PD) and attachment
loss (AL) were measured from six regions of each
tooth, except for the third molars. According to the
information obtained from participants, tooth loss due
to periodontitis was assessed.

Calibration exercises were performed in five
periodontitis patients who had not been included in
the study, and the intra-examiner reliability of the
parameters within the study was obtained. The intra-
class correlation coefficients for PD and AL were 0.88
and 0.84, respectively.

The study groups were created based on the new
classification made in 2017:2¢

The PH group (n=21) included patients with
clinically healthy gingivae, BOP < 10%, no attachment
and bone loss, and PD lower than 4 mm.

The G group (n=21) included patients with BOP
> 10%, no attachment and bone loss, and PD lower
than 4 mm.

The Stage I periodontitis (SI-P) group (n=21)
included patients with interdental AL = 1-2 mm with
PD lower than 5 mm, radiographic bone loss < 15%,
and no tooth loss due to periodontal disease.
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The Stage II periodontitis (SII-P) group (n=21)
included patients with interdental AL = 3-4 mm
with PD lower than 6 mm, radiographic bone loss =
15-33% at the coronal third, and no tooth loss due
to periodontal disease.

The Stage III periodontitis (SIII-P) group (n=21)
included patients with interdental AL = 5 mm with PD
greater than 5 mm, radiographic bone loss advancing
to the middle or apical part of the root, and tooth loss
(< 5) due to periodontal disease.

The Stage IV periodontitis (SIV-P) group (n=21)
included patients with interdental AL = 5 mm with PD
greater than 5 mm, radiographic bone loss advancing
to the middle or apical part of the root, and tooth loss
(< 4) with a confounding factor due to periodontal
disease.

Patients were excluded from the study if they had
AL due to nonperiodontal reasons, such as root caries
and gingival recession.?

First, clinical periodontal measurements were
taken; then, 24-48 hours later, GCF samples were
taken in the morning using strips of filter paper (e.g.,
PerioPaper or ProFlow). GCF samples were taken from
the interproximal region of the buccal portion of two
non-adjacent, single-rooted teeth. For the healthy
control group, GCF was taken from areas without
inflammation and BOP, whereas for the G group,
GCF was taken from areas with inflammation and
BOP but without attachment and bone loss. For the
periodontitis group, GCF was taken from the regions
with the highest PD and bone loss. For the SI-P group,
GCF was taken from sites with BOP, PD lower than 5
mm, and radiographic bone loss <15%. For the SII-P
group, sites with PD < 5 mm, radiographic bone loss of
15-33% at the coronal third, and BOP were selected.
For the SIII-P and SIV-P groups, sites with PD greater
than 5 mm, radiographic bone loss advancing to
the middle or apical part of the root, and BOP were
selected. After plague was removed from the teeth,
the sites were isolated and air-dried. Paper strips were
then placed into the pocket until slight resistance was
felt, left for 30 s to absorb the GCF and placed in sterile
tubes. Samples that were contaminated with oral fluids
were excluded from the study. All samples were frozen
at —40°C until the time procedures began.
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After the paper strips had been placed in Eppendorf
centrifuge tubes, 300 ml of phosphate buffered saline
at 7.4 pH were added to them. The ingredients in all
the tubes were separated using an orbital shaker for
20 min at 240 rpm and centrifuged at 13,000 rpm
for 5 min at +4°C. IL-1B8, GM-CSF, and MIP-1a levels
of the GCF were estimated using enzyme-linked
immunosorbent assay (ELISA) kits (Human IL-1B
ELISA kit, Human GM-CSF ELISA kit and Human MIP-
la ELISA kit, Elabscience, Texas, USA) according to
the manufacturer’s guidelines. Analysis was made
in duplicate. Before the samples were added to the
wells coated with antibodies specific to IL-18, GM-CSF,
and MIP-1a, the standards in the kits were diluted
according to the manufacturer’s instructions. A stop
solution was added to each well, and absorbance
values were determined by a spectrophotometric
ELISA reader (Microplate Reader; Biotek, Winooski)
at a wavelength of 450 nm, and then, concentrations
were evaluated using standard curves based on
absorbance readings. For each plate, the absorbance
value was determined according to the concentration
of the standards, and the calibration curve was added.
The total amount of IL-1B (pg/30s), GM-CSF (ng/30s),
and MIP-1a (pg/30s), collected in 30 seconds, was
determined and the lowest determining limits were
2.6 pg/30s, 0.4 ng/30s, and 6.3 ng/30s for IL-1B,
GM-CSF, and MIP-1a, respectively.

The G*Power 3.1 software package was used to
determine adequate examples of the volumes in the
study. According to estimates, the sample size that
would provide 0.05 type I errors, a 0.89 effect size
under one-way ANOVA, and 90% test power was
determined to be at least 21 people in each group.
To provide power analysis, then, the study continued
until data had been collected for 21 patients in each

Table 1- The demographic characteristics of the study groups

group. The observed power, according to the post-hoc
power calculation, was 89%.

Shapiro-Wilk normality tests were used to determine
whether variables adapted to normal distribution or
not. Considering that data were abnormally distributed
in the comparison between groups, the non-parametric
Kruskal-Wallis test, followed by the Dunn-Bonferroni
post hoc test, and frequency data were evaluated
using the chi-square test. The correlation between
clinical parameters and the IL-13, GM-CSF, and MIP-1a
levels in the GCF was evaluated using Spearman’s rank
correlation analysis. Covariance analysis was used to
examine the relationship between different periodontal
conditions (healthy/low AL group versus high/severe
AL group) and biomarker levels after adjusting for
age, sex, and number of teeth. Odds ratio (OR) of
the independent variables to the periodontal disease
groups were evaluated by logistic regression. Data
were analyzed using the statistical software program
SPSS (v. 22.0, IBM), and p<0.05 was considered
statistically significant.

Table 1 shows the demographic data of the study
groups. Mean age was significantly higher in the SIV-P
patients than in the PH, G, SI-P, SII-P, and SIII-P
groups (p<0.05). There were no significant differences
in age and number of teeth between the study groups
(p>0.05).

When clinical periodontal parameters were
evaluated; full-mouth and sampling site PD, AL, and
PI clinical parameters in the periodontitis groups
were significantly higher than those in the PH and G
groups (p<0.05). Full-mouth and sampling site GI
and BOP parameters in the periodontitis groups were
also significantly higher than those in the PH group

Demographic variables PH G SI-P SII-P Slil-P SIV-P
(n=21) (n=21) (n=21) (n=21) (n=21) (n=21)
Age (years) 36 (30-48) 39 (30-40) 38 (30-41) 36 (30-44) 38 (28-42) 40 (36-48) *
Gender (female/male) 11 10 12 9 10 11 11 10 11 10 10 11
Number of teeth 27 (24-28) 26 (24-28) 26 (25-28) 26 (24-28) 25 (24-26) 25 (23-27)

Abbrevations: PH, periodontally healthy; G, gingivitis; SI-P, SlI-P, SllI-P, and SIV-P, stage |, stage Il, stage Ill, and stage IV periodontitis;

Kruskal-Wallis test
All data (except gender) are given as median (min-max)
* p<0.05
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(p<0.05) (Table 2-Table 3).

Table 2 shows the total amount of biomarker levels

(IL-1B, GM-CSF, and MIP-1a in the GCF). GM-CSF
levels were significantly higher in SII-P and SIII-P
groups compared to PH, G, and SI-P groups (p<0.05,
Table 3). MIP-1a and IL-1B levels were similar in the

Table 2- Clinical periodontal parameters and GCF total amount of biomarkers in the study groups

PH G SI-P SlI- P slil- P SIV-P
(n=21) (n=21) (n=21) (n=21) (n=21) (n=21)
PD (mm) 1.8 (1.3-2.3) 2.2 (2-2.8) 4 (4-4.2) 4.1 (4-4.4) 6.5 (6.-6.8) 6.8 (6-7)
AL (mm) 0 (0-0) 0 (0-0) 2 (1.5-2.5) 3(2.5-4) 5 (5-5.8) 5.5 (5.2-6)
Full mouth Gl 0.12 (0-0.4) 2 (1.6-2.2) 2(1.6-2.2) 2.2 (1.2-3.1) 2.1(1.2-3.1) 2.4 (2-2.8)
BOP (%) 1.7 (1-2) 78.5(58.2-88) 78(71.6-80.2) 82.8 (78.6-88) 80 (71.6-88) 84.7 (80-86.7)
PI 0.3 (0-0.7) 1.5 (1-2) 2.1 (1.6-2.9) 2.9 (2.1-3.3) 3(2.2-3.2) 3(2.9-3.2)
PD (mm) 2(1.7-2.3) 3(3-3) 4.4 (4-4.9) 5(4.6-5.4) 6.7 (6-7.5) 7 (6-7.2)
AL (mm) 0 (0-0) 0 (0-0) 2 (1.5-2.8) 3.5 (2.5-4) 5.5 (5-6) 5.8 (5.5-6)
Sampling site Gl 0 (0-0) 2.2(1.9-2.3) 2.3(1.9-2.3) 2.3(2.1-3.1) 2.3(1.9-3.1) 2.5(2.2-3.1)
BOP (%) 0 (0-0) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
Pl 0.2 (0.1-0.6) 2(1-2.8) 2.6 (1.6-3.4) 3(2.6-3.4) 3(2.3-3.2) 3.2(2.9-3.3)
GM-CSF 0.59 (0.4-1) 0.62 (0.4-1.8) 0.58(0.4-1.8) 1.15(0.6-4.9) 1.55 (0.6-5.3) 1.02 (0.5-1.9)
(ng/30s)
Total amounts IL-1B 4.07 (2.7-6.8) 3.94(2.6-13.9) 5(2.6-10.9) 14.31(6.7-45.4) 15.09 (2.7-115) 36.78 (8.7-52.7)
of biomarkers (pg/30s)
MIP-1o.  8.44 (6.3-11.8) 8.98 (6.3-18.3) 9.82 (7.2-12.6) 11.65 (6.5-27.9) 16.49 (6.5-21.3) 13.21 (8.3-28.2)

(pg/30s)

Abbrevations: PH: periodontally healthy; G: gingivitis; SI-P, SlI-P, SllI-P, and SIV-P: stage |, stage Il, stage Ill, and stage IV of periodontitis;
PI: plaque index; Gl: gingival index; BOP: bleeding on probing; PD: probing depth; AL: attachment loss; IL-1p: interleukin-1 beta; GM-CSF:
granulocyte colony-stimulating factor; MIP-1 a: macrophage inflammatory protein-1 alpha. Kruskal-Wallis test

All data are given as median (min-max)

Table 3- Bonferroni post hoc test between study groups with clinical parameters and total amounts of biomarker

Full mouth Sampling site Total amounts of
bimarkers
Pl Gl BOP PD AL Pl Gl BOP PD AL GM- IL-18  MIP-1a
CSF
PH-G 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
PH-SI  0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
PH-SII  0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
PH-SIII  0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
PH-SIV 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
G-SI  0.001* 0.001* 0.001* 0.003* 0.001*  0.001*
G-Sll  0.001* 0.002* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
G-Slll  0.001* 0.004* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
G-SIvVv. 0.001* 0.001* 0.002* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
SI-sil 0.001* 0.001* 0.001* 0.001* 0.005* 0.001* 0.001* 0.001* 0.001* 0.001*
SI-sill 0.001* 0.004* 0.001* 0.001* 0.002* 0.001* 0.001* 0.001* 0.001* 0.001*
SI-slv  0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
SlI-sll 0.001 0.001* 0.001* 0.001*
Sll-sliv - 0,001*  0,001* 0,001* 0,001 0,001* 0,001* 0,001
Sll-SIV 0,001* 0,001* 0,001* 0,001*

Abbrevations: PH, periodontally healthy; G, gingivitis; SI-P, SlI-P, SllI-P, and SIV-P, stage |, stage Il, stage Ill, and stage IV periodontitis;
PI, plaque index; Gl, gingival index; BOP, bleeding on probing; PD, probing depth; AL, attachment loss; IL-1pB, interleukin-1 beta; GM-CSF,
granulocyte colony stimulating factor; MIP-1 o, macrophage inflammatory protein-1 alpha. Kruskal-Wallis/Dun-Bonferroni post hoc test.

* p<0.05
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SII-P, SIII-P, and SIV-P groups and significantly higher
than those in the PH, G, and SI-P groups (p<0.05,
Table 3).

Positive correlations were also found among full-
mouth and sampling site PI, GI, BOP, PD, and AL
parameters and the total amount of IL-13, GM-CSF,

and MIP-1a in the GCF (p<0.001 for all, Table 4). Table
5 shows the mean biomarker levels before and after
adjustment for the effects of age, sex, and number
of teeth between those who had different severities
of AL (healthy/low versus high/severe). Differences
were significant. Biomarker levels were found to be
significantly lower in the group with healthy/low AL,
from 0 to 2 mm (p<0.05).

Table 4- Correlations between total GCF IL-183, GM-CSF, and MIP—1a levels with clinical parameters of study groups

Clinical parameters GM-CSF (ng/30s)

IL-1B (pg/30s) MIP-10 (pg/30s)

Whole mouth
PI 0.394**
Gl 0.244**
BOP 0.278*
PD 0.380**
AL 0.411**
Sampling site
Pl 0.350**
Gl 0.251*
BOP 0.245*
PD 0.405**
AL 0.422**

0.450* 0.437*
0.355* 0.287**
0.280** 0.326™*
0.553* 0.472*
0.563** 0.519*
0.414** 0.397**
0.342* 0.351*
0.263** 0.293**
0.561** 0.511*
0.558** 0.504*

Abbrevations: PI: plaque index; Gl: gingival index; BOP: bleeding on probing; PD: probing depth; AL: attachment loss; IL-1p: interleukin-1
beta; GM-CSF: granulocyte colony-stimulating factor; MIP-1 a: macrophage inflammatory protein-1 alpha

Table 5- Unadjusted and adjusted scores of biomarker levels by severity of clinical attachment loss

Biomarker Clinical attachment loss?® Statistics
levels Unadjusted Scores Adjusted Scores
Healthy/Low High/Severe Healthy/Low High/Severe F® p
(n =64) (n=62) (n=64) (n=62)
meanSD meanSD meanxSD meantSD
GCSFR 0.66+0.28 1.63+£1.16 0.53%0.12 0.76x0.12 48.635 0.001*
IL-1B 5.07+2.56 25.53+21.77 5.95+2.1 24.65+2.1 33.746 0.001*
MIP1-ALFA 9.11£2.04 14.5916.14 9.17+0.6 14.53+0.6 33.712 0.001*

Abbrevations: IL-1B: interleukin-1 beta; GM-CSF: granulocyte colony-stimulating factor; MIP-1 o: macrophage inflammatory protein-1

alpha.

Healthy/Low groups: PH/G/SI-P; High/Severe groups; SII-P/SIII-P/SIV-P
@ AL categories (mean full mounth AL): healthy/low: 0 to 2 mm; high/severe > 3.0 mm [37]

®Adjusted for age, gender, and number of teeth; ANCOVA * p<0.05

Table 6- Results of logistic regression analysis on age, number of teeth, PI, GM-CSF, and MIP-1a levels

Univariable OR (95%Cl)* p-value

Age 1.17 (0.74-1.85) 0.497
Number of teeth 0.15 (0.04-0.6) 0.007*
PI (sampling site) 29.54 (2.05- 425.16) 0.013*
GM-CSF 56.83 (4.03-800.32) 0.003*
MIP-1a 1.57 (1.09-2.27) 0.015*

Abbrevations: GM-CSF: granulocyte colony-stimulating factor; MIP-1 a.: macrophage inflammatory protein-1 alpha; PI: plaque index
Dependent variables: PH, G and SI-P (group 1) and SlI-P, SllI-P, and SIV-P (group 2)
independent variables: number of teeth, PI, GM-CSF, and MIP-1q; logistic regression analysis. * p<0.05

J Appl Oral Sci. 6/10 2022;30:e20210423



Patients were divided into 2 groups: group 1 (PH,
G, and SI-P) and group 2 (SII-P, SIII-P, and SIV-P).
Some independent variables, such as number of
teeth, PI, GM-CSF, and MIP-1a were determined,
and a logistic regression analysis examined the
effects of these variables on the groups. The effect
of independent variables on the model is statistically
significant. Most prominently, the probability of finding
GM-CSF in Group 2 is 56.83 times greater than in
Group 1 (p<0.05, Table 6).

Periodontal diseases were reclassified as periodontal
and peri-implant diseases and conditions at the 2017
World Workshop. Using this new classification, a
fresh perspective has been applied, and periodontitis
has been classified by stage and grade. However,
current diagnostic approaches, including clinical
periodontal measurements and radiographic findings,
are insufficient for showing disease activity and the
risk of future progression. Periodontitis, a disease
that progresses silently, can only be defined in its late
stages. Specific biomarkers that would be effective
in determining the stage and grade of periodontitis
have been noted with question marks in the new
classifications.?* To make an early diagnosis, it is of
great clinical importance to determine the markers
that cause the destruction of periodontal tissue in
the early period of the disease. In this study, we
investigated the GCF GM-CSF, MIP-1a, and IL-1PB
levels of individuals with PH, G, SI-P, SII-P, SIII-P,
and SIV-P according to the new classifications. IL-1
is mainly a member of the IL family, produced by
macrophages and commonly found in periodontal
tissues.'® MIP-1a is an acidic protein secreted by
inflammatory cells at sites of inflammation. Moreover,
MIP-1a release was associated with the formation
and activation of cells that cause bone resorption.i#1>
GM-CSF is a growth factor produced by hematopoietic
progenitor cells. Studies have shown that GM-CSF
is associated with various diseases characterized by
inflammation, especially rheumatoid arthritis. It is also
one of the cytokines found in inflamed joint fluid.®?>
Due to the similarity of the inflammatory processes
between periodontitis and rheumatoid arthritis, we
hypothesized that GM-CSF may play an important role
in the pathogenesis of periodontitis. To our knowledge,

this is the first study to analyze the GCF, GM-CSF,
MIP-1a, and IL-1pB levels of patients according to the
new classification criteria.

Our study found that GCF GM-CSF and its
associated MIP-1a and IL-1f levels increase with the
progression to later stages of periodontitis. These
increased cytokine levels in patients with periodontitis
were found to be significantly lower in individuals who
are periodontal healthy. Moreover, strong correlations
were found between GCF GM-CSF and clinical
parameters for PI, GI, BOP, PD, and AL. The available
data support the view that GM-CSF, which plays a role
in the pathogenesis of various inflammatory diseases,
may be an important factor in determining the severity
of inflammatory conditions such as periodontitis.

Potential markers for monitoring periodontal
diseases can be studied using different biological
fluids, such as saliva, serum, and GCF. GCF is a region-
specific fluid consisting of blood, host factors, and a
plaque system originating from the plexus of blood
vessels under the epithelium.?¢27 In this study, GCF
was used to determine marker levels and, according to
our findings, IL-1B, GM-CSF, and MIP-1a levels in the
GCF have a good ability to indicate advanced stages
of periodontitis. In this study, data were calculated
as totals rather than concentrations since these are
more reliable and convenient methods for determining
periodontal disease markers in GCF.2¢

GM-CSF is a multifunctional cytokine which has a
wide spectrum of biological activity in both innate and
adaptive immune responses.® Studies have reported
that there are high levels of GM-CSF in the synovial
fluids and blood-brain barriers of inflammatory
diseases, such as rheumatoid arthritis, multiple
sclerosis, and arthrosclerosis.?*2839 Although the level
of GM-CSF has been studied in many inflammatory
fluids, there are few studies that have extensively
investigated the level of GM-CSF in GCF. A study
by Zhang and colleagues showed that endogenous
GM-CSF inhibition in periodontal tissues significantly
reduces the severity of periodontitis. Moreover, a GM-
CSF blockade has been reported to cause decreased
neutrophil accumulation in the gingiva.t® Similarly,
a study conducted by Kim and colleagues found
activated GM-CSF in the gingival tissues of patients
with periodontitis.3! In a study by Thunell, et al.3?
(2010), no significant distinction was found between
the GM-CSF levels in the GCFs of individuals with
periodontitis and those who had good PH. According
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to our results, GM-CSF levels in the GCF, which
correlated positively to the clinical parameters for PD,
were found to be highest in individuals with SIII-P, but
there were no significant differences in individuals with
SII-P, SIII-P, and SIV-P. At the same time, according
to the old classification, the group of patients with
aggressive periodontitis was considered a match for
those with stage III and grade C periodontitis in the
new classification. In a study conducted by Teles and
colleagues, individuals with aggressive periodontitis
had high levels of GM-CSF compared to individuals
with good PH.?° A study conducted by Oliveira and
colleagues found that GM-CSF was significantly
higher in aggressive periodontitis, decreasing after
periodontal treatment.3? Similar to these studies, our
study found GM-CSF to be high in individuals with
SIII-P. These findings point to the role of GM-CSF
in periodontal inflammation, as shown in previous
studies.® Moreover, this hypothesis supports the view
that GM-CSF increases bone loss, one of the differential
consequences of periodontitis.?* Tissue destruction
in periodontitis indicates insufficient resolution of
inflammation as a result of immune cell dysfunctions,
which may be another potential comment for the role
of this growth factor in periodontal diseases.3*

One of the hypotheses in our study was that
GM-CSF may have an effect on the release of IL-1
and MIP-1a in periodontal inflammatory tissues.
GM-CSF has been shown to activate monocytes and
macrophages in inflamed tissues, as in rheumatoid
arthritis, and activated macrophages affect the release
of chemokines, such as IL-1B and MIP-1a.8 It has
been shown that MIP-1a and IL-1B have important
pathological functions in the development of various
inflammatory and autoimmune diseases and are at
high levels in the regions in which periodontitis is
active.363” Therefore, the current findings of IL-1p and
MIP-1a are unsurprising.

As expected, we found that the levels of these pro-
inflammatory cytokines were significantly increased
in individuals with SII-P, SIII-P, and SIV-P (high/
severe AL group) compared to those with good PH,
G, and SI-P (healthy/low AL group). Biomarker levels
were found to be associated with the severity of AL
after adjusting for age, sex, and number of teeth.
According to the regression analysis performed in
this study, patients with high GM-CSF and MIP-1a
levels are more likely to be in the SII-P, SIII-P, and
SIV-P groups. Although there are some differences,

our results agree with previous studies. We also
observed that these pro-inflammatory cytokine levels
were similar in patients with G and SI-P. SI-P is the
transition stage to periodontitis, in which the first AL is
observed. Because G and SI-P are initial, intertwined
stages of periodontal disease, cytokine levels are
thought to be similar. Moreover, since both biomarker
levels correlate well with the clinical indicators of
periodontitis severity levels, all these results confirm
that patients with periodontitis are in a measurable
inflammatory state. All these observations lead us to
predict that GM-CSF, which plays an important role in
inflammatory diseases, works together with MIP-1a
and IL-1B in the pathogenesis of periodontitis. From
both a clinical perspective and our results, GM-CSF
may be a promising biomarker in identifying advanced
stages of periodontitis (SII-P, SIII-P, and SIV-P) and
distinguishing them from SI-P.

This study has some limitations. One of its main
limitations is that the Periotron device was not used to
calculate GCF volume. GCF collected on paper strips
consists of residual fluid and inflammatory exudate
present in the gingival sulcus. It has been reported that
a high GCF volume reduces its concentration as a result
of increased local inflammation in diseased areas.384°
Regarding the relation between GCF components
and periodontal diseases, it has been reported that
the total amount of biomarker may be a more valid
and reliable indicator for diagnostic purposes than
the concentration.3%4° Therefore, for this study, the
amount of GM-CSF, IL-183, and MIP-1a in the GCF was
estimated as their total amount, rather than assessing
its concentration. Another limitation may be the
relatively small sample size of our study, although it
is sufficient, according to power estimates. Moreover,
serum and saliva samples were unused. Finally, the
rate of progression of the disease was not evaluated.

GM-CSF appears to be an important marker that is
expressed in patients with SII-P, SIII-P, and SIV-P. The
release of GM-CSF may be a result of the inflammatory
state of the local inflammation in SII-P, SIII-P, and
SIV-P. Prospective and more extensive research is
needed to validate our findings and to understand
the impact of this biomarker on periodontal disease.

J Appl Oral Sci. 8/10 2022;30:e20210423



The authors report no conflicts of interest related to
this study and the study did not receive any financial
support.

Dikilitas, Ahu: Conceptualization (Lead);
Methodology (Equal); Software (Equal); Writing -
review & editing (Equal). Karaaslan, Fatih: Data
curation (Lead); Validation (Equal); Writing — original
draft (Equal). Aydin, Esra Ozge: Investigation
(Equal); Software (Equal); Visualization (Lead). Yigit,
Umut: Conceptualization (Supporting); Methodology
(Equal); Validation (Lead); Writing — review & editing
(Equal). Ertugrul, Abdullah Seckin: Data curation
(Equal); Formal analysis (Equal); Software (Equal);
Supervision (Lead); Validation (Equal).

1- Marchesan J, Girnary MS, Jing L, Miao MZ, Zhang S, Sun L, et al.
An experimental murine model to study periodontitis. Nat Protoc.
2018;13(10):2247-67. doi: 10.1038/s41596-018-0035-4

2- Hajishengallis G. Periodontitis: from microbial immune subversion
to systemic inflammation. Nat Rev Immunol. 2015;15(1):30-44. doi:
10.1038/nri3785

3- Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases.
Nat Rev Dis Primers. 2017;3:17038. doi: 10.1038/nrdp.2017.38

4- Nedzi-Géra M, Kowalski ], Gérska R. The immune response in
periodontal tissues. Arch Immunol Ther Exp (Warsz). 2017;65(5):421-
9. doi: 10.1007/s00005-017-0472-8

5- Sochalska M, Potempa J. Manipulation of neutrophils by
Porphyromonas gingivalis in the development of periodontitis. Front
Cell Infect Microbiol. 2017;7:197. doi: 10.3389/fcimb.2017.00197
6- Tsantikos E, Lau M, Castelino CM, Maxwell MJ, Passey SL, Hansen MJ,
et al. Granulocyte-CSF links destructive inflammation and comorbidities
in obstructive lung disease. J Clin Invest. 2018;128(6):2406-18. doi:
10.1172/3C198224

7- Metcalf D. Hematopoietic cytokines. Blood. 2008;111(2):485-91.
doi: 10.1182/blood-2007-03-079681

8- Wicks IP, Roberts AW. Targeting GM-CSF in inflammatory
diseases. Nat Rev Rheumatol. 2016;12(1):37-48. doi: 10.1038/
nrrheum.2015.161

9- Shiomi A, Usui T. Pivotal roles of GM-CSF in autoimmunity
and inflammation. Mediators Inflamm. 2015;2015:568543. doi:
10.1155/2015/568543

10- Lam RS, O'Brien-Simpson NM, Hamilton JA, Lenzo JC, Holden JA,
Brammar GC, et al. GM-CSF and uPA are required for Porphyromonas
gingivalis-induced alveolar bone loss in a mouse periodontitis model.
Immunol Cell Biol. 2015;93(8):705-15. doi: 10.1038/icb.2015.25
11- Campbell IK, Leong D, Edwards KM, Rayzman V, Ng M, Goldberg
GL, et al. Therapeutic targeting of the G-CSF receptor reduces
neutrophil trafficking and joint inflammation in antibody-mediated
inflammatory arthritis. J Immunol. 2016;197(11):4392-402. doi:
10.4049/jimmunol.1600121

J Appl Oral Sci. 910

12- Christopher MJ, Link DC. Granulocyte colony-stimulating factor
induces osteoblast apoptosis and inhibits osteoblast differentiation.
J Bone Miner Res. 2008;23(11):1765-74. doi: 10.1359/jbmr.080612
13- Zhang Z, Yuan W, Deng J, Wang D, Zhang T, Peng L, et al.
Granulocyte colony stimulating factor (G-CSF) regulates neutrophils
infiltration and periodontal tissue destruction in an experimental
periodontitis. Mol Immunol. 2020;117:110-21. doi: 10.1016/j.
molimm.2019.11.003

14- Wu X, Ji K, Wang H, Zhao Y, Jia J, Gao X, et al. MIP-1a induces
inflammatory responses by upregulating chemokine receptor 1/
chemokine receptor 5 and activating c-Jun N-terminal kinase and
mitogen-activated protein kinase signaling pathways in acute
pancreatitis. J Cell Biochem. 2019;120(3):2994-3000. doi: 10.1002/
jcb.27049

15- Subramanyam M, Cheppali S, Anumla D, Sighinam B, Prasuna
E, Reddy RN. Estimation of macrophage inflammatory protein-1la
(MIP-1 o) levels in serum and gingival crevicular fluid in periodontal
health, disease, and after treatment: a clinico-biochemical study J
NTR Univ Health Sci. 2019;8:107-13. doi: 10.4103/IJDRNTRUHS.
JDRNTRUHS_87_18

16- Oladipo O, Conlon S, O’Grady A, Purcell C, Wilson C, Maxwell PJ, et
al. The expression and prognostic impact of CXC-chemokines in stage
II and III colorectal cancer epithelial and stromal tissue. Br J Cancer.
2011;104(3):480-7. doi: 10.1038/sj.bjc.6606055

17- Goldberg GL, Cornish AL, Murphy J, Pang ES, Lim LL, Campbell
IK, et al. G-CSF and neutrophils are nonredundant mediators
of murine experimental autoimmune uveoretinitis. Am J Pathol.
2016;186(1):172-84. doi: 10.1016/j.ajpath.2015.09.008

18- Yavuz M, Pekbadriyanik T, Saglam M, Késeoglu S. Evaluation of
milk fat globule-epidermal growth factor-factor VIII and IL-1B levels
in gingival crevicular fluid and saliva in periodontal disease and health.
Odontology. 2019;107(4):449-56. doi: 10.1007/s10266-019-00419-5
19- Ramadan DE, Hariyani N, Indrawati R, Ridwan RD, Diyatri I.
Cytokines and chemokines in periodontitis. Eur J Dent. 2020;14(3):483-
95. doi: 10.1055/s-0040-1712718

20- Teles RP, Gursky LC, Faveri M, Rosa EA, Teles FRF, Feres M,
et al. Relationships between subgingival microbiota and GCF
biomarkers in generalized aggressive periodontitis. J Clin Periodontol.
2010;37(4):313-23. doi: 10.1111/j.1600-051X.2010.01534.x

21- Loe H, Silness J. Periodontal disease Iin pregnancy. I.
Prevalence and severity. Acta Odontol Scand. 1963;21:533-51. doi:
10.3109/00016356309011240

22- Silness J, Loe H. Periodontal disease in pregnancy. II. Correlation
between oral hygiene and periodontal condtion. Acta Odontol Scand.
1964;22:121-35. doi: 10.3109/00016356408993968

23- Ainamo J, Bay I. Problems and proposals for recording gingivitis
and plaque. Int Dent J. 1975;25(4):229-35.

24- Papapanou P, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et
al. Periodontitis: consensus report of workgroup 2 of the 2017 World
Workshop on the Classification of Periodontal and Peri-Implant Diseases
and Conditions. J Clin Periodontol. 2018;45 Suppl 20:5162-S170. doi:
10.1111/jcpe.12946

25- Crotti C, Agape E, Becciolini A, Biggioggero M, Favalli EG.
Targeting granulocyte-monocyte colony-stimulating factor signaling in
rheumatoid arthritis: future prospects. Drugs. 2019;79(16):1741-55.
doi: 10.1007/s40265-019-01192-z

26- Barros SP, Williams R, Offenbacher S, Morelli T. Gingival crevicular
fluid as a source of biomarkers for periodontitis. Periodontol 2000.
2016;70(1):53-64. doi: 10.1111/prd.12107

27- Taylor 13, Preshaw PM. Gingival crevicular fluid and saliva.
Periodontol 2000. 2016;70(1):7-10. doi: 10.1111/prd.12118

28- Cornish AL, Campbell IK, McKenzie BS, Chatfield S, Wicks IP.
G-CSF and GM-CSF as therapeutic targets in rheumatoid arthritis. Nav
Rev Rheumatol. 2009;5(10):554-9. doi: 10.1038/nrrheum.2009.178

2022;30:20210423



29- Kostic M, Zivkovic N, Cvetanovic A, Stojanovic I. Granulocyte-
macrophage colony-stimulating factor as a mediator of autoimmunity
in multiple sclerosis. J Neuroimmunol. 2018;323:1-9. doi: 10.1016/j.
jneuroim.2018.07.002

30- Mellak S, Ait-Qufella H, Esposito B, Loyer X, Poirier M, Tedder
TF, et al. Angiotensin II mobilizes spleen monocytes to promote
the development of abdominal aortic aneurysm in Apoe mice.
Arterioscler Thromb Vasc Biol. 2015;35(2):378-88. doi: 10.1161/
ATVBAHA.114.304389

31- Kim YG, Kim M, Kang JH, Kim HJ, Park JW, Lee IM, et al.
Transcriptome sequencing of gingival biopsies from chronic periodontitis
patients reveals novel gene expression and splicing patterns. Hum
Genomics. 2016;10(1):28. doi: 10.1186/s40246-016-0084-0

32- Thunell DH, Tymkiw KD, Johnson GK, Joly S, Burnell KK, Cvanaugh
JE, et al. A multiplex immunoassay demonstrates reductions in
gingival crevicular fluid cytokines following initial periodontal
therapy. J Periodontal Res. 2010;45(1):148-52. doi: 10.1111/j.1600-
0765.2009.01204.x

33- Oliveira AP, Faveri M, Gursky LC, Mestnik MJ, Feres M, Haffajee AD,
et al. Effects of periodontal therapy on GCF cytokines in generalized
aggressive periodontitis subjects. J Clin Periodontol. 2012;39(3):295-
302. doi: 10.1111/j.1600-051X.2011.01817.x

34- Lam R, O'Brien-Simpson N, Hamilton ], Lenzo J, Holden J, Brammar
G, et al. GM-CSF and uPA are required for Porphyromonas gingivalis-
induced alveolar bone loss in a mouse periodontitis model. Immunol
Cell Biol. 2015;93(8):705-15. doi: 10.1038/icb.2015.25

35- Fredman G, Oh SF, Ayilavarapu S, Hasturk H, Serhan CN, Van
Dyke TE. Impaired phagocytosis in localized aggressive periodontitis:
rescue by Resolvin E1. PLoS One. 2011;6(9):e24422. doi: 10.1371/
journal.pone.0024422

36- Ryu OH, Choi SJ, Linares AM, Song IS, Kim Y], Jang KT, et al.
Gingival epithelial cell expression of macrophage inflammatory
protein-lalpha induced by interleukin-1beta and lipopolysaccharide.
J Periodontol. 2007;78(8):1627-34. doi: 10.1902/jop.2007.070066
37- Gilowski L, Wiench R, Ptocica I, Krzeminski TF. Amount of
interleukin-1pB and interleukin-1 receptor antagonist in periodontitis and
healthy patients. Arch Oral Biol. 2014;59(7):729-34. doi: 10.1016/j.
archoralbio.2014.04.007

38- Lin SJ, Chen YL, Kuo MY, Li CL, Lu HK. Measurement of gp130
cytokines oncostatin M and IL-6 in gingival crevicular fluid of patients
with chronic periodontitis. Cytokine. 2005;30(4):160-7. doi: 10.1016/j.
cyto0.2004.12.018

39- Curtis MA, Griffiths GS, Price SJ, Coulthurst SK, Johnson NW.
The total protein concentration of gingival crevicular fluid Variation
with sampling time and gingival inflammation. J Clin Periodontol.
1988;15(10):628-32. doi: 10.1111/j.1600-051x.1988.tb02263.x
40- Keles Yucel ZP, Afacan B, Emingil G, Tervahartiala T, Kose T, Sorsa
T. Local and systemic levels of aMMP-8 in gingivitis and stage 3 grade
C periodontitis. J Periodontal Res. 2020;55(6):887-94. doi: 10.1111/
jre.12781

J Appl Oral Sci. 10/10 2022;30:€20210423



