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Aim: Saliva contains various proteins that are important in developing inflammatory processes and their prevention. One key aspect of
saliva research is the relationship between oral infections and inflammation, and the role of some salivary proteins.

The Work Aims: To demonstrate which salivary cytokines can be biomarkers of acute odontogenic oral and facial infections in children.
Material and Methods: The study included two groups of patients: a study group of 28 children: 7 girls and 21 boys aged 3 —17
years with acute dentofacial inflammation (DI) and a control group of 52 children: 16 girls and 36 boys aged 4-17 years with
uncomplicated dental caries (CE). The levels of Interleukin-5 (IL-5), Interleukin —10 (IL-10), Interleukin-17A (IL-17A), Interleukin-
12p70 (IL-12p70), Eotaxin, Rantes, Vascular Endothelial Growth Factor (VEGF), and Interferon gamma-induced protein 10 (IP10) in
the saliva of children in DI and CE groups were compared. Statistical analysis was performed with Statistica 13. The Student’s #-test
and the Wilcoxon signed-rank test were used.

Results: The results show that IL-10, IL-17A, and Eotaxin showed a statistically significant increase in the DI group compared to the
CE group. The significance level for IL-10 was p=0.02, for IL-17A was equal to Eotaxin and p=0.04. The other measured parameters
did not differ statistically significant between the two groups.

Conclusion: IL-10, IL-17A, and Eotaxin can be used as potential biomarkers for tooth-related inflammatory states of the oral cavity and
face in children. These biomarkers can be useful in identifying and monitoring the presence of inflammation in the oral cavity and face.
Keywords: salivary cytokines and chemokines, odontogenic oral and facial inflammation, children

Dentofacial Inflammation of the head and neck in children refers to inflammation or infection originating from the teeth,
potentially causing swelling, pain, and complications such as difficulty swallowing or breathing. This condition often results
from untreated dental caries, abscesses, or periodontal disease.'? Immediate dental and medical attention is crucial to prevent
the infection from spreading and causing more serious health complications.> Anatomical differences that significantly impact
the course of inflammatory processes in the facial tissues of the skull in children are associated with a lower degree of jaw bone
calcification, the presence of wide marrow spaces with a well-developed vascular system, the presence of tooth buds, as well
as the existence of a slit-like, undeveloped maxillary sinus and a greater amount of cancellous bone. Additionally, a distinct
immunologic response contributes to the dynamic development of the inflammatory process within the head and neck tissues,
leading to the spread of inflammation to the eye socket, sinus cells, and cranial cavity. The higher water content and lower fat
tissue content in pediatric patients, along with qualitative and quantitative differences in blood-borne drug transport proteins,
determine variations in the pharmacokinetics of drugs, including antibiotics.*

Saliva is a readily available, low-cost, and non-invasive biofluid. This is important, especially for children who may
find it very difficult to draw blood. Analysis of the saliva can provide insights into various health conditions. Salivary
proteins play crucial roles in various biological processes, and changes in protein profiles can be indicative of specific
conditions, including inflammation. This study focuses on the analysis of specific saliva proteins, including Interleukin-5
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(IL-5), Interleukin-10 (IL-10), Interleukin-17A (IL-17A), Interleukin-12p70 (IL-12p70), Eotaxin, Rantes, Vascular
Endothelial Growth Factor (VEGF), and Interferon gamma-induced protein 10 (IP10). These proteins are key players
in the immune response and inflammation regulation within the body, participating in processes such as chemotaxis,
immune cell recruitment, and angiogenesis.”® Several reviews have described the evidence of salivary cytokines as

11 . . . . .
71 Understanding these biomarkers can contribute to a comprehensive comprehension

biomarkers for oral conditions.
of pediatric dentofacial inflammation and guide effective preventive and therapeutic strategies.’

No publications were found in the available literature on cytokines and chemokines in the saliva of children with
dentofacial inflammation.

Interleukin-5 (IL-5) - a type of cytokine that is involved in the stimulation and regulation of the growth, differentiation, and
activation of certain immune cells, particularly eosinophils, in response to infections, allergens, and parasites.'>"?

Interleukin-10 (IL-10) is involved in regulating the immune system. IL-10 is primarily produced by immune cells
such as macrophages, monocytes, and T-cells, and plays an important role in controlling inflammation and the body’s
response to infection.'*

IL-10 is often considered an “anti-inflammatory” cytokine because it can reduce the production of other pro-
inflammatory cytokines and limit the activity of immune cells involved in the inflammatory response. This can help to
prevent excessive or chronic inflammation, which can contribute to various diseases and conditions such as autoimmune
disorders and allergies. IL-10 is also involved in other functions within the immune system, such as promoting the
development and activity of regulatory T-cells, which help prevent the immune system from attacking the body’s tissues.
Additionally, IL-10 may have roles in tissue repair and wound healing.®

Interleukin 17A (IL-17A) - a cytokine produced by a type of immune cell called Th17 cells, and is involved in the
regulation of inflammation and immune responses. It plays a role in the defense against certain bacterial and fungal
infections, as well as in autoimmune diseases and allergic reactions.'”

Interleukin 12p70 (IL-12p70) plays a key role in regulating the immune system. Specifically, it is a heterodimeric
cytokine composed of two subunits, [L-12p35 and IL-12p40. IL-12p70 is primarily produced by antigen-presenting cells
such as dendritic cells, macrophages, and B-cells, and it helps to activate T-cells and natural killer (NK) cells. IL-12p70
is involved in promoting the production of other cytokines that stimulate the immune response, particularly the
production of interferon-gamma. It also helps to direct T-cells towards a “Th1” response, which is important for fighting
intracellular pathogens such as viruses and certain bacteria.

The production of IL-12p70 is tightly regulated, as excessive amounts of this cytokine can contribute to inflammatory
diseases and autoimmune disorders. Conversely, deficiencies in IL-12p70 or its receptor have been associated with
increased susceptibility to infections, particularly those caused by intracellular pathogens. Therefore, maintaining an
appropriate balance of IL-12p70 production is crucial for a healthy immune response.

Eotaxin - a chemokine involved in the recruitment of immune cells, specifically eosinophils, to sites of inflammation.'?

Rantes - another chemokine involved in the recruitment of immune cells, including T cells and monocytes, to sites of
inflammation.

Vascular Endothelial Growth Factor (VEGF) stimulates the growth of new blood vessels.

Interferon gamma-induced protein 10 (IP10) is involved in the recruitment of immune cells, specifically T cells, to

13,16

sites of inflammation.
The study aimed to compare the levels of IL-5, IL-10, IL-17A, IL-12p70, Eotaxin, Rantes, VEGF, and IP10 in a group
of children with uncomplicated dental caries (CE) with a group of children with dentofacial inflammation (DI).

Material and Methods

This prospective observational study, conducted in 2020-2022 at the Department of Pediatric Otolaryngology, Head and
Neck Surgery, Chair of Pediatric Surgery of the SUM in Katowice, Poland, aimed to investigate the prevalence and
potential biomarkers of acute dentofacial inflammation in children.
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Qualification of Patients
The study included 80 systemically healthy children diagnosed with uncomplicated dental caries (CE group) and
dentofacial inflammation (DI group).

The diagnosis of dental-related inflammatory conditions is determined according to the criteria established by the
World Health Organization (WHO) in 1986. These criteria include clinical, radiographic, and laboratory criteria used to
diagnose and classify different types of oral and dental diseases. The WHO criteria provide a standardized approach for
diagnosis, which can aid in developing treatment plans and tracking the disease over time.°

The Bioethical Committee of the Medical University of Silesia (SUM) approved the planned study with the reference
number PCN/0022/KB1/1/20 and the study complied with the Declaration of Helsinki.

The inclusion criteria for the study were children who were free of any systemic diseases and had not taken any
medications in the past month. Children with submucosal abscesses, cellulitis, and osteomyelitis have been classified into
the DI group. Exclusion criteria included the occurrence of mucositis, gingivitis, periodontitis, systemic conditions that
prevented the continuation of the study, lack of cooperation from the child, and refusal of the parent to conduct the study.
All legal guardians and children over the age of 16 signed informed consent for the study.

Clinical Examination and Treatment

The examinations were conducted by a single doctor, visually and by touch, and then intra-orally using a probe and mirror. In
the study group, the number of teeth with caries and teeth causing inflammation was determined. In the control group, teeth
with uncomplicated caries were determined.' Parents and older children have explained the purpose of saliva collection.

Saliva Collection

Saliva was collected in the morning between 8:00 and 11:00 am on an empty stomach, after rinsing the mouth with water and
waiting 10 minutes. Patients were asked to self-collect 1.5 mL of their unstimulated saliva in a sterile tube, avoiding mucous
secretions from the oropharynx and sputum. The saliva was centrifuged for 10 min at 3000 rpm at 4°C in a Centurion centrifuge,
and frozen at —80°C for future studies. Rack with 96 coded test tubes, 1.2 mL, PP material, BRAND no cat. 781566 was used to
collect the saliva. Their analysis was performed within a period not exceeding 6 months from the moment of freezing.'*

Cytokine Analysis

The Luminex platform is a combination of Luminex XMAP instruments and multiplex assays for RNA and protein detection and
measurement. Luminex multiplex assays use XMAP bead-based technology to simultaneously detect and quantitate multiple
secreted proteins including cytokines, chemokines, and growth factors using ProcartaPlex assays. All the biomarkers were
determined from a single kit. The analysis was performed using the Bio-Plex 200 System from Bio-Rad and the Bio-Plex Pro
Human Cytokine Grp I Panel 27-Plex kit. The research was carried on in the Department and Division of Microbiology and
Immunology, Silesian Medical University in Zabrze.'>'”'® All procedures followed good laboratory practice (GLP). Saliva
samples were collected in the Department of Biochemistry Faculty of Medical Science in Zabrze Medical University of Silesia,
Katowice, Poland. To avoid bias, all samples have been anonymized and numbered. For biochemical assays, saliva was collected
and stored frozen (—80°C) for subsequent analyses. All analytical methods were under continuous interlaboratory quality control
and met the criteria of the external (interlaboratory) controls organized by the Central Center for Quality Testing in Laboratory
Diagnostics in £.6dz (Poland) and Labquality (Finland).

Statistical Analysis

Statistical analysis was performed with Statistica' (Tibco, Palo Alto, Ca, USA). Normality was assessed using the Shapiro-Wilk
test. The Student’s #-test and the Wilcoxon signed-rank test were used for statistical analysis for parametric and nonparametric
samples respectively. The normality of the data was assessed using the Shapiro—Wilk test. For Quantitative data either the
Wilcoxon test and Student’s #-test were used to compare the levels of the cytokines collected from two independent groups
depending on the normality of the data for parametric Student’s #-test was used while for non-parametric data the former. They
were used as this is independent of group samples to see if the variability is significant. The study sample size was calculated based
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on the mean and standard deviation exhibited in the paper by Menon et al ° The accepted level of significance was set as P < 0.05,
with a wanted power of 90%. Using a sample size of 24 patients per group, the study would have had a power of 90.9% to yield
statistically significant results under the conditions expressed above.

Results

The study involved two groups of patients: a study group of 28 children (7 girls and 21 boys, aged 3—17 years, mean 8.67
years, SD+4.64 years) with acute dentofacial inflammation (DI) and a control group of 52 children (16 girls and 36 boys,
aged 417 years, mean 8.38 years, SD+3.67 years) with uncomplicated dental caries (CE).

Therefore, we attempted to compare the levels of cytokines such as IL-5, IL-10, IL-17A, IL-12p70, Eotaxin, Rantes,
VEGF, and IP10 in the saliva of children with acute dental-related facial and neck inflammation (DI) with their levels in
children with uncomplicated dental caries (CE).

In analyzing the biomarkers related to CE and DI, distinct tendencies and significant observations emerged. The
largest differences were observed for IP-10 (1421.91 pg/mL vs 926.03 pg/mL), Rantes (24.73 pg/mL vs 35.15 pg/mL),
and VEGF (409.64 pg/mL vs 314.91 pg/mL) for DI and CE respectively. Notably, IL-5 tended towards higher levels
(mean: 58.04, median: 39.65), suggesting potential significance in the DI. The variability in IL-5 levels, reflected in the
wide range (0.37 to 212.27) and high standard deviation (62.89), underscores the complexity of immune responses.

IL-10, with a central tendency towards moderate values (mean: 8.08, median: 4.33), hinted at its potential involvement in DI.
The broad range (0.02 to 85.19) and notable standard deviation (15.66) indicate variability in IL-10 levels, emphasizing its
nuanced role.

For IL-12p70, the higher mean and median values (19.06 and 5.91) suggest a tendency towards elevated levels in DI.
The wide range (0.47 to 85.54) and substantial standard deviation (27.20) underscore the variability in IL-12p70 levels.

In the case of IL-17A, moderate mean and median values (11.29 and 6.71) indicate a central tendency related to DI. The range
(0.94 to 61.53) and standard deviation (12.55) highlight the variability in [L-17A levels, reflecting its potential role.

The range (0.09 to 70.76) and standard deviation (14.88) conveyed variability in Eotaxin levels, offering insights into
its potential significance (Table 1).

While only IL-10, IL-17A, and Eotaxin showed statistically significant increases in the DI group compared to the CE
group, the overall tendency was for all interleukins except for Rantes to be elevated in patients with DI. The significance
level for IL-10 was p=0.02 (Figure 1), and for IL-17A (Figure 2) and Eotaxin (Figure 3), it was p=0.04.

Table | The Mean, Minimum, Maximum, Standard Deviation, and p-value for the Levels of IL-5, IL-10, IL-17A, IL-12p70, Eotaxin,
Rantes, VEGF, and IP-10 in Both the DI and CE Groups. The p-value Indicates the Level of Statistical Significance Between the Two
Groups. Wilcoxon Test or Student’s T-Test Were Used

Variable Dental Infections p. Caries Experience
Mean Median Min Max SD Mean Median Min Max SD
IL-5 (pg/mL) 58.04 39.65 0.37 21227 62.89 0.18 33.13 20.57 0.45 191.64 34.85
IL-10 (pg/mL) 8.08 433 0.02 85.19 15.66 0.02 3.30 1.99 0.02 13.48 325
IL-12p70 (pg/mL) 19.06 591 0.47 85.54 27.20 0.26 14.44 5.24 0.47 78.17 22.65
IL-17A (pg/mL) 11.29 6.71 0.94 61.53 12.55 0.04 6.06 4.90 1.69 14.34 3.04
EOTAXIN (pg/mL) 9.97 5.73 0.09 70.76 14.88 0.04 522 5.09 0.59 9.14 1.29
IP-10 (pg/mL) 1421.91 586.18 3.86 674230 1964.19 0.41 926.03 445.31 16.43 5247.02 1254.25
RANTES (pg/mL) 2473 21.29 1.74 66.28 14.94 0.11 35.15 16.57 8.60 718.05 99.11
VEGF (pg/mL) 409.64 315.57 1.20 1139.39 313.97 0.20 31491 204.60 1.28 111110 281.45
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Figure | Box-whisker plot showing the values of IL-10 in the Dental Infections (Dl) and Caries Experience (CE) groups. The box represents the meantstandard error, the
square inside the box is the mean, and the whiskers represent the 1.96*standard error values.
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Figure 2 Box-whisker plot showing the values of IL-17A in the Dental Infections (D) and Caries Experience (CE) groups. The box represents the meantstandard error, the
square inside the box is the mean, and the whiskers represent the 1.96*standard error values.
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Figure 3 Box-whisker plot showing the values of Eotaxin in the Dental Infections (DI) and Caries Experience (CE) groups. The box represents the meanzstandard error, the
square inside the box is the mean, and the whiskers represent the 1.96*standard error values.

Discussion and Conclusion

This is the first study to present a comprehensive cytokine profile of children with dentofacial inflammation. Only Rinderknecht
et al showed the associations between salivary cytokines and oral health in the pediatric population.* They demonstrated that
some salivary cytokines positively correlate with gingivitis. Similar observations were made by Santos et al. Belstrem et al
showed negative correlations between salivary cytokine concentration and early gingivitis.”'' Diesch et al” in their systematic
review compared studies of Sharma et al, Cogulu et al, Menon et al, and Gornowicz et al due to caries in children. The results of
Sharma and Gornowicz et al were consistent in levels of IL-6, IL-8, and TNF-a which were significantly higher in patients with
caries. A similar result had Menon et al who examined only IL-6 in children with caries.>*'*"?

To further integrate the information provided, acute dental-origin inflammation of the head and neck in children can
lead to the release of various cytokines and chemokines that play important roles in immune response and inflammation.
The cytokines IL-5, IL-10, IL-17A, and IL-12p70, along with chemokines such as Eotaxin, Rantes, VEGF, and IP10, are
involved in regulating and modulating the immune system’s response to the inflammation caused by dental problems.

This research objective makes sense because comparing cytokine and chemokine levels in children with uncompli-
cated dental caries to children with acute dental inflammatory conditions can provide important information about the
immune system response in these two disease states.

IL-10 is an anti-inflammatory cytokine that helps to regulate and suppress the immune response, limiting the potential
for tissue damage and reducing the risk of autoimmunity.

IL-17A is a pro-inflammatory cytokine that plays a role in defending against extracellular bacteria and fungi but may
also contribute to the development of chronic inflammation and autoimmune diseases. Recruits monocytes and neutro-
phils to the site of infection. Activation of IL-17, in turn, activate downstream of many cytokines and chemokine, such as
IL-1, IL-6, IL-8, IL-21, TNF-B, and MCP-1.*

Eotaxin is a chemokine that recruits eosinophils, a type of white blood cell, to sites of inflammation. Eosinophils are
important in defending against parasites and are also involved in allergic reactions.”'
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So, while these three molecules play different roles in the immune response, they are all involved in modulating the
inflammatory response in some way.'*

The results of our investigations show that IL-10, IL-17A, and Eotaxin showed a statistically significant increase in
the DI group compared to the CE group. The significance level for IL-10 was p= 0.02, for IL-17A was equal to Eotaxin
and it was also p=0.04. This is consistent with the results of other authors.®'3??

Comparing cytokine levels such as IL-5, IL-10, IL-17A, and IL-12p70, which play important roles in regulating the
immune response, can help to understand the differences between the inflammatory and tissue regeneration processes.>

Additionally, Eotaxin, Rantes, VEGF, and IP-10 are chemokines that play a significant role in the chemotaxis and
recruitment of different types of cells to sites of infection or inflammation, which can influence the course of the disease.

IL-10, IL-17A, and Eotaxin can be used as potential biomarkers for tooth-related inflammatory states of the oral
cavity and face in children. These biomarkers can be useful in identifying and monitoring the presence of inflammation in
the oral cavity and face.

Developing a panel of pro-inflammatory cytokines and chemokines in the saliva of children with dental infections
could help with loss of control and prevent exacerbations of these diseases.?!

If this correlation was indeed found in a well-designed and conducted study, it could potentially improve the
diagnosis, treatment, and prevention of oral cavity diseases by providing insights into the underlying mechanisms of
immune response and inflammation. However, it is important to note that further research would be needed to confirm
and build upon these findings before they could be applied in clinical practice.

In conclusion, understanding the role of these cytokines and chemokines in dental inflammation can help identify
markers for early childhood caries (ECC) and contribute to preventive measures and maintaining oral health. Additionally,
prompt dental and medical attention is crucial to address the underlying dental problems, prevent complications, and
manage the immune response and inflammation associated with acute dental origin inflammation in children.
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