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Abstract: The transient worsening of oral health sometimes accompanies orthodontic treatment
(OT), and the extent of this effect might depend on whether the patients are treated with traditional
brackets or clear aligners. Saliva is an important tool for monitoring oral health and influences
the functional properties of various oral cells. This study aimed to compare the effects of saliva
from patients undergoing OT with Invisalign aligners and brackets on human gingival fibroblasts
and oral epithelial cells in vitro. Unstimulated saliva was collected from 15 patients treated with
Invisalign and 16 patients treated with brackets before and 3 and 6 months after therapy began.
The saliva was used to stimulate primary human gingival fibroblasts and the oral epithelial Ca9-22
cell line, and the resulting cell response was investigated. Saliva did not exhibit any toxic effect on
investigated cells, as shown by the proliferation/viability assay with the MTT method. In human
gingival fibroblasts, saliva increased gene expression of various proinflammatory mediators, such
as interleukin (IL)-6, IL-8, and monocyte chemoattractant protein-1, assessed by qPCR. In epithelial
cells, saliva increased the production of IL-8 measured by ELISA and decreased gene expression of
various proteins involved in the barrier function. During the therapy, the saliva-induced production
of IL-8 tended to be decreased, and the saliva-induced decrease in the expression of barrier protein
was partially improved. No difference between aligners and brackets was observed in either cell type.
Saliva affects the functional properties of oral cells, but this effect is not influenced by the type of OT.

Keywords: orthodontic treatment; saliva; epithelial cells; human gingival fibroblasts; inflammatory
mediators; epithelial barrier

1. Introduction

Orthodontic aligners have become increasingly popular in clinical use due to ad-
vantages in visual appearance and convenience and have been introduced as an esthetic
alternative to multibracket appliances [1]. Aligners represent an orthodontic treatment
(OT) modality providing a variable number of vacuum-formed removable plastic trays that
gradually move teeth in the desired position. Aligners should be worn around the clock
but not during food intake and oral hygiene procedures. Most treatment regimens require a
sequential change to the next set of aligners after two weeks. Depending on the complexity
of the patient’s malocclusion, the dentist must decide upon the number of aligners [2]. Thus,
treatment duration can range from several months to years, a time when oral tissues are
closely exposed to the plastic aligner material [3]. The world market leader in the field of
orthodontic aligners is Align Technology (San Jose, CA, USA), and its product Invisalign®

J. Clin. Med. 2023, 12, 7440. https://doi.org/10.3390/jcm12237440

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm12237440
https://doi.org/10.3390/jcm12237440
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-5896-0261
https://orcid.org/0000-0002-3065-3200
https://orcid.org/0000-0002-0485-2142
https://doi.org/10.3390/jcm12237440
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12237440?type=check_update&version=1

J. Clin. Med. 2023, 12, 7440

20f12

has more than 15 million aligner treatments (https://www.invisalign-professional.de/
accessed on 7 September 2023).

Orthodontic treatment, especially bracket treatment, can lead to enhanced plaque
accumulation and impaired possibilities of plaque removal due to restricted accessibility
for oral hygiene procedures [4]. Comparative studies have shown that removable align-
ers can lead to better oral hygiene and periodontal health outcomes than fixed bracket
treatment [4,5]. A recent systematic review and meta-analysis of randomized clinical trials
and cohort studies found a lower plaque index for patients with clear aligners than those
with fixed brackets [6]. However, the level of evidence still seems to be insufficient to
conclude the superiority of aligners [6]. A systematic review of four systematic reviews
also confirmed a slight tendency for clear aligners to be associated with slightly better
periodontal conditions [7]. However, the differences in plaque index, gingival index, and
bleeding on probing were classified as negligible in clinical settings, and therefore, clear
aligners and fixed appliances were concluded to have a comparable impact on periodontal
health status [7].

Saliva is a promising modality for monitoring oral health and diseases [8-10]. Saliva
is composed mainly of water and contains different minerals, proteins, peptides, bacteria,
and bacterial components. Periodontal disease is usually associated with increased salivary
content of various inflammatory proteins [11]. The increased salivary levels of macrophage
inflammatory protein (MIP)-1x and prostaglandin E2 (PGE2) but not interleukin (IL)-13,
IL-6, and IL-8 are reported in gingivitis, an initial stage of periodontitis [12]. A recent
systematic review and meta-analysis suggests MIP-1« IL-1f3, IL-6, and MMP-8 as highly
sensitive salivary markers of periodontitis [13]. Thus, gingival inflammation is generally
related to the increased content of the inflammatory proteins in saliva. Several studies
showed that saliva can also induce the inflammatory response in different host cells, includ-
ing mouse-derived macrophages, human gingival fibroblasts, and periodontal ligament
cells [14,15]. A recent study found that saliva of both periodontitis patients and healthy
controls increases the production of IL-6 and IL-8 and transepithelial electric resistance of
oral epithelial cells by an approximately similar extent [16]. However, to date, it has yet to
be discovered if and how OT influences the ability of saliva to stimulate the inflammatory
response in various host cells.

The primary aim of this longitudinal study was to investigate how the ability of saliva
to stimulate human oral epithelial cells and gingival fibroblasts changes during orthodontic
therapy. The secondary aim was to compare how these parameters are influenced by
different OT modalities, namely fixed brackets and clear aligners. These data are important
to understand the potential effect of different types of OT more comprehensively.

2. Materials and Methods
2.1. Ethical Aspects

The Ethics Committee of the Medical University of Vienna (Vienna, Austria) has
approved the protocols for the clinical examination and saliva collection from orthodontic
patients (protocol number 1288/2019) and the isolation of human gingival fibroblasts
(protocol number 1079/2019). Written informed consent was obtained from each patient
before any study-related procedure. The underlying study was conducted in compliance
with the Declaration of Helsinki and the “Good Scientific Practice” guidelines of the Medical
University of Vienna.

2.2. Study Participants

This pilot study included 15 patients treated with a buccal multibracket appliance of a
0.022-inch slot size (Empower®, American Orthodontics, Weil am Rhein, Germany) and
15 patients treated with orthodontic aligners (Invisalign®, Align Technology Inc., Santa
Clara, CA, USA). The patients were recruited at the Clinical Division of Orthodontics,
University Clinic of Dentistry, Medical University of Vienna. The inclusion criteria were
age > 18 years, skeletal class I, and minimal mandibular crowding (Little Index grade I-III).
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The patients with minimal crowding were selected because crowding is a well-known
factor facilitating plaque accumulation [17], and we would like to minimize its influence.
Exclusion criteria were current smoking, chronic diseases, restorations with close contact
to the gingival margin, presence of crowns or bridges, previous non-surgical periodontal
treatment (full mouth disinfection, full mouth debridement), medication with antibiotics,
steroids, or non-steroidal anti-inflammatory drugs within the past three months, pregnancy,
and diabetes. Allocation to treatment modality was based on the patient’s request.

2.3. Saliva Collection

Saliva sampling was conducted during regular patient checkups at three different
time points: TO on the day of treatment beginning but before treatment began, T1 after
about three months of treatment, and T2 after about six months. Patients were restricted
from eating or drinking (except for water) or chewing gum 1 h before sample collection.
This was necessary because eating before the collection might affect the saliva composition
and study outcome [18]. Patients had to rinse their mouths directly with 20 mL of distilled
water before saliva sampling. Afterward, patients were asked to relax, not swallow their
saliva for 2 min, and to spit into a saliva collection beaker (Greiner Bio-One, Kremsmiinster,
Austria). To ensure that patients collected enough saliva, the bottom of the saliva collection
beaker was checked to see if it was fully covered with patient saliva. Collected samples
were sterile filtrated (0.22 um filter, TPP, Trasadingen, Switzerland), aliquoted, and frozen
at —80 °C until the application. Saliva collection was only performed from 8 am to 10 am
to reduce the influence of circadian rhythm variations of saliva production on the outcome.

2.4. Cell Culture

Primary human gingival fibroblasts (hGFs) were obtained from the gingiva around
the third molar, extracted from a periodontally healthy individual (female, 18 y.0.) due to
orthodontic indications. The donor had no chronic diseases or regular medication intake.
Cells were isolated using the outgrowth method [19,20]. The isolated cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Sigma Aldrich, St. Louis, MO, USA)
supplemented with 10% fetal calf serum (FCS, Gibco, Carlsbad, CA, USA), 100 pg/mL
streptomycin (S, Gibco, Carlsbad, CA, USA), and 100 U/mL penicillin (P, Carlsbad, CA,
USA) at 37 °C, 5% COy, and 95% humidity. hGFs were passaged after reaching 80% to
90% confluence, and the medium was changed every seven days. Cells from passages 5
and 6 were used for all conducted experiments. Cells from one single donor were used to
avoid the contribution of inter-individual variability, which is characteristic of the primary
cells [21]. This is because we wanted to focus mainly on the effect of the saliva collected
from OT patients.

Human oral squamous carcinoma Ca9-22 cells (Japanese Collection of Research Biore-
sources Cell Bank, JCRB0625, Ibaraki, Japan) were used as a model for oral epithelial cells.
These cells are often used as an oral epithelium model for testing various materials, and
although they do not resemble the properties of oral epithelium entirely, their properties
remain constant during the propagation in culture conditions [3,22]. Modified Eagle’s mini-
mum essential medium (MEM, Gibco®, Carlsbad, CA, USA), supplemented with 10% fetal
bovine serum, streptomycin (100 pg/mL), and penicillin (100 U/mL) was used to culture
these cells. Ca9-22 cells were cultured at 37 °C in a humidified atmosphere containing 5%
COs,. For the experiments, cells from passages between 5 and 7 were used.

2.5. Stimulation of Cells

One day before stimulation, 5 X 10* hGFs or 1 x 10° Ca9-22 cells were seeded in
24-well plates in 500 pL of the corresponding medium supplemented with FCS and antibi-
otics P/S. After 24 h of incubation, cells were stimulated with patient saliva diluted in a 1:10
ratio with a corresponding medium supplemented with streptomycin (100 ng/mL) and
penicillin (100 U/mL). The dilution was performed because the cells were adapted to grow
in a formulated media, and using lower dilutions (e.g., 1:2) would drastically change the



J. Clin. Med. 2023, 12, 7440

40f12

composition of the media. Cells incubated in the media without saliva served as a control.
Saliva, collected at different time points from the same donor, was applied to the host cells
simultaneously to minimize the inter-assay variability. After 4 and 24 h of incubation with
saliva, cell viability / proliferation, gene expression of several functional proteins, and the
content of IL-8 in the conditioned media were determined.

2.6. Cell Proliferation/Viability

Cell viability/proliferation was assessed using 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromid (MTT, Sigma Aldrich, St. Louis, MO, USA) as described
in previous studies [3,23]. This method detects the activity of the mitochondria respiratory
chain and is considered a measure of the proliferation of viable cells [24]. In brief, at the end
of the experiments, 100 L of MTT solution (5 mg/mL in 1x phosphate-buffered solution,
PBS) was added per well, followed by incubation at 37 °C for two hours. After discarding
conditioned media, 500 pL of dimethyl sulfoxide (Merck, Darmstadt, Germany) was added
per well, followed by 5 min incubation. Finally, 100 pL of the supernatant was transferred
in quadruplicates to a 96-well plate, and the optical density (OD) was measured at 570 nm
with a photometer (Synergy HTX, Biotek, Winooski, VT, USA).

2.7. Gene Expression Analysis

Gene expression levels were quantified using qPCR, similar to our previously pub-
lished methods [3]. Lysate preparation, mRNA transcription into cDNA, and qPCR were
performed using the TagMan® Gene Expression Cells-to-CT™ kit (Ambion/ Applied Biosys-
tems, Foster City, CA, USA) according to the manufacturer’s instructions. Reverse transcrip-
tion was performed using Primus 96 advanced thermocycler (Applied Biosystems, Foster
City, CA, USA) by heating the samples to 37° Celsius for one hour, followed by 95° Celsius
for five minutes. qPCR was performed on an ABI StepOnePlus device (Applied Biosys-
tems, Foster City, CA, USA) in paired reactions using TagMan® gene expression assays.
For hGFs, the assays with the following ID numbers (all from Applied Biosystems) were
used: interleukin-6 (IL-6, Hs00985639_m1), interleukin-8 (IL-8, Hs00174103_m1), monocyte
chemoattractant protein (MCP-1, Hs00234140_m1), and glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH, Hs99999905_m1). For Ca9-22, the following TagMan gene expression
assays were used: IL-6, IL-8, integrin o6 (ITGa6, Hs01041011_m1), integrin o5 (ITG«&5,
Hs01547673_m1), integrin 34 (ITG4, Hs00173995_m1), E-cadherin, (Hs01023894_m1), and
GAPDH. The PCR reactions were performed in duplicates under the following conditions:
95 °C for 10 min, followed by 50 cycles each of 15 s at 95 °C and 1 min at 60 °C. For each
sample, the point at which the PCR product was first detected above a fixed threshold
was determined as the cycle threshold (Ct). The 2-BACt method, which is a standard
method for qPCR data analysis [25], was used to calculate the relative expression of target
genes using GAPDH as a housekeeping gene and unstimulated cells as a control with the
following formula:

o target GAPDH £ t GAPDH
AACt - (Ct et — Ct )sample - (Ct arger — Ct )control

2.8. ELISA

The conditioned media were harvested at the end of the experiment, centrifuged, and
frozen at —80 °C until the analysis. Protein levels of IL-8 were measured in the supernatant
collected at the end of the stimulation of Ca9-22 cells using Human Uncoated IL-8 ELISA
(from Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s
instructions. OD was measured at 450 nm and 570 nm using a Synergy HTX multi-
mode reader (BioTek Instruments, Winooski, VT, USA). After background subtraction and
subtracting ODsyg from ODjs, final concentrations were calculated by plotting determined
OD values against the appropriate standard curve using Gen5 All-In-One Microplate
Reader Software version 2.09 (BioTek Instruments, Winooski, VT, USA). The detection limit



J. Clin. Med. 2023, 12, 7440

50f12

of IL-8 ELISA was 2 pg/mL; all values below this limit were considered as zero for the
analysis.

2.9. Statistical Analysis

Differences between the Invisalign and bracket groups were analyzed with the Mann—
Whitney test. Differences between various time points were analyzed by the Wilcoxon test.
The non-parametric tests were used because, with the sample size in our study (n < 16),
it is impossible to reach a conclusion about the normal distribution and, therefore, the
application of parametric tests was not justified. Statistically significant differences were
confirmed if p-values were less than 0.05. Statistical analysis was performed using SPSS 26.0
software (IBM, Armonk, NY, USA). Data are presented as mean =+ s.e.m. Each experiment
was performed in technical duplicates.

3. Results

This prospective study included 15 Invisalign patients (seven females and eight
males, mean age 28.2 £ 1.8) and 16 bracket patients (six females and ten males, mean
age 29.1 £ 2.2). No difference in age between the two groups was observed.

3.1. Proliferation/Viability of hGFs and Ca9-22 Cells

Figure 1 shows the viability of hGFs and Ca9-22 cells treated with the saliva of In-
visalign and brackets patients for 4 and 24 h in relation to that of untreated cells. The saliva
of Invisalign patients collected at TO and T1 slightly stimulated the viability of hGFs after
24 h stimulation. No difference between the viability of hGFs treated with the saliva of
Invisalign and bracket patients was observed. In Ca-9-22 cells, treatment with the saliva
of Invisalign patients for 24 h resulted in significantly higher viability than the untreated
controls and cells treated with the saliva of brackets patients collected at all time points.

hGFB, 4 hours hGFB, 24 hours
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= 04 < 04
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o o
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T0 T1 T2 TO T1 T2
Ca9-22, 4 hours Ca9-22, 24 hours
# # #
1.2 129 ] : x
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Figure 1. Effect of the saliva of the patients undergoing OT on the proliferation/viability of hGFs and
Ca9-22 cells. *—significantly higher compared to the untreated controls, p < 0.05. t+—significantly
lower compared to the untreated controls, p < 0.05. #—significantly different between Invisalign
and brackets.

Cells were treated for 4 or 24 h with the saliva of the patients undergoing OT with either
Invisalign or brackets collected immediately before (T0), about three months after (T1), and
about six months (T2) after beginning the orthodontic treatments. The optical densities
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(OD) were measured at 570 nm and normalized to those measured for untreated controls.
Data are presented as means =+ s.e.m. of 15 Invisalign patients and 16 bracket patients.

3.2. Gene Expression of IL-6, IL-8, MCP-1 in hGFs

Figure 2 shows the gene expression levels of the proinflammatory mediators IL-6,
IL-8, and MCP-1. All of the analyzed genes were expressed significantly higher (p < 0.005)
in hGFs treated with patient saliva compared to cell culture medium after 4 and 24 h of
incubation. There was no significant difference between the saliva of Invisalign® and
bracket patients regarding gene expression levels of hGFs (p > 0.6). Furthermore, the
increased expression of proinflammatory markers was not dependent on the time point
during OT. Since no difference in the gene expression of these mediators was detected
between different OTs and time points, no protein analysis was performed.
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Figure 2. Effect of saliva of the patients undergoing OT on the gene expression of proinflammatory
mediators in hGFs. *—significantly higher compared to the untreated controls, p < 0.05.

Primary hGFs were treated for 4 or 24 h with the saliva of the patients undergoing OT
with either Invisalign or brackets collected immediately before (T0), about three months
after (T1), and about six months (T2) after beginning the orthodontic treatments. The result-
ing gene expression of IL-6, IL-8, and MCP-1 was measured by qPCR. Y-axes show n-fold
gene expression calculated using the 2-44Ct method in relation to the untreated controls.
Data are presented as means =+ s.e.m. of 15 Invisalign patients and 16 bracket patients.

3.3. IL-8 Gene Expression and Protein Production by Ca9-22 Cells

The gene expression and protein production of IL-8 after treatment of Ca9-22 cells
with the saliva of the patients undergoing OT is shown in Figure 3. After 4 h of stimulation,
the saliva of both Invisalign and bracket patients induced a significant increase in IL-8 gene
expression and protein production. No significant difference was observed between the
two OTs, but a slightly higher response was observed for the bracket patients (p > 0.16).
Increased gene and protein levels of IL-8 in Ca9-22 cells were also observed after 24 h of
stimulation with the saliva of OT patients. The saliva collected three months after therapy
began induced higher IL-8 gene expression levels than that collected before the therapy;
significant differences were observed for the Invisalign group. The saliva collected in six
months induced lower IL-8 gene expression levels than those collected in three months;
statistically significant differences were observed for bracket patients.
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Figure 3. Effect of saliva of the patients undergoing OT on the gene expression and protein produc-
tion of IL-8 by Ca9-22 cells. *—significantly higher compared to the untreated controls, p < 0.05.
f—significantly different between T0 and T1, p < 0.05. §—significantly different between T1 and T2.

Ca9-22 cells were treated for 4 or 24 h with the saliva of patients undergoing OT with
either Invisalign or brackets collected immediately before (T0), about three months after
(T1), and about six months (T2) after beginning the orthodontic treatments. The resulting
gene expression (left panels) and protein production (right panels) of IL-8 were measured
by qPCR and ELISA, respectively. Y-axes in the left panels show n-fold gene expression
calculated by the 2722Ct method in relation to the untreated controls (n-fold expression = 1).
Y-axes in the right panels show the concentration of IL-8 in the conditioned media at the
end of the treatment. Data are presented as means + s.e.m. of 15 Invisalign patients and
16 bracket patients.

3.4. Gene Expression of E-Cadherin, ITGa6, and ITGB4 in Ca9-22

The effect of the saliva of OT patients on the expression of E-cadherin, ITGa6, and
ITGf4 is shown in Figure 4. The gene expression of E-cadherin in Ca9-22 was slightly but
significantly decreased after 24 h of stimulation with the saliva of the patients undergoing
OT in all cases except Invisalign patients at T1. The resulting gene expression of E-cadherin
after stimulation with the saliva of Invisalign patients was slightly increased in the course
of the therapy; significant changes were observed between time points T2 and TO after
4 h stimulation and between T1 and TO after 24 h stimulation. The gene expression of
ITGa6 in Ca9-22 cells was significantly decreased upon stimulation with the saliva of OT
patients collected before the therapy (T0) for 24 h. The saliva collected three months after
OT began induced significantly higher ITGa6 levels compared to the saliva collected before
the therapy; a significant effect was observed for both Invisalign and brackets after 24 h
stimulation. The gene expression of ITG34 was almost unaffected by the saliva of OT
patients, excepting a significant decrease for Invisalign patients at TO after 24 h stimulation
and a significant increase for Invisalign patients at T2 after 4 h stimulation.
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Figure 4. Effect of saliva of the patients undergoing OT on the gene expression of E-cadherin, ITG«6,
and ITGB4 in Ca9-22 cells. *—significantly lower compared to the untreated controls, p < 0.05.
#—significantly higher compared to the untreated control, p < 0.05. —significantly different between
T0 and T1, p < 0.05. $—significantly different between TO and T2, p < 0.05.

Ca9-22 cells were treated for 4 or 24 h with the saliva of the patients undergoing OT
with either Invisalign or brackets collected immediately before (T0), about three months
after (T1), and about six months (T2) after beginning the orthodontic treatments. The
resulting gene expression of E-cadherin, ITGa6, and ITG34 were measured by qPCR.
Y-axes show n-fold gene expression calculated by the 2-44Ct method in relation to the
untreated controls (n-fold expression = 1). Data are presented as means + s.e.m. of
15 Invisalign patients and 16 bracket patients.

4. Discussion

Orthodontic treatment is known to be accompanied by the transient worsening of oral
health due to impaired ability to perform adequate oral hygiene. However, it is unclear
if there are some differences between various OT types, particularly brackets vs. aligners.
Saliva is considered to be an important instrument for oral health monitoring [9,10]. There-
fore, in the present study, we used the saliva collected before and during OT from patients
treated with Invisalign and brackets for the stimulation of human gingival fibroblasts and
oral epithelial cells in vitro, aiming to find any difference between different OT protocols.

The saliva of orthodontic patients had no toxic effect on the proliferation/viability of
hGFs and Ca9-22 cells assessed by the MTT method. This method is based on the ability of
cell mitochondria to convert the MTT reagent into formazan and is an indicator of cell via-
bility and proliferation [15,24]. Our finding is in agreement with previous studies [15,16,26].
No differences in the proliferation/viability were found upon the stimulation of hGFs with
the saliva of the bracket and Invisalign patients. However, in Ca9-22 cells, stimulation with
the saliva of Invisalign patients resulted in significantly higher proliferation/viability than
stimulation with the saliva of bracket patients. This was observed at all time points, even
before the therapy began, and, therefore, could not be attributed to the different OTs but
instead to the various intrinsic properties of the saliva in the patients of Invisalign and
bracket groups.

Human gingival fibroblasts are the major cells in the connective tissue and participate
in tissue remodeling, the inflammatory response, and immunomodulation [27,28]. We
showed that the saliva of patients undergoing OT induced a significant increase in the
gene expression of IL-6, IL-8, and MCP-1. However, no significant difference between the
bracket and Invisalign groups was observed at any saliva collection point and after both 4
and 24 h of stimulation. Therefore, it can be concluded that the type of OT and OT itself do
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not influence the ability of saliva to induce the inflammatory response in hGFs. The ability
of the saliva to induce the production of proinflammatory factors in hGFs is also shown by
previous studies [15,29], but its physiological role is unclear.

We have further investigated the effect of the saliva of OT patients on Ca9-22 cells.
These cells are often used as a model of oral epithelium, even if they do not entirely reflect all
its properties. Oral epithelium fulfills immunological and barrier functions in protecting the
oral cavity from invading microorganisms [30,31]. IL-8 production by the oral epithelium is
crucial for recruiting neutrophils [32], which play a major role in pathogen elimination [33].
We found that the saliva of OT patients stimulated the production of IL-8 by Ca9-22 cells,
but no difference was observed between brackets and aligners. Interestingly, a recent study
also showed that saliva can induce IL-8 secretion by the GMSM-K epithelial cell line [16]. In
contrast, artificial saliva does not induce IL-8 gene expression in oral squamous carcinoma
HSC-2 cells [26]. The ability of saliva to induce IL-8 production could be physiologically
crucial because it may ensure the continuous migration of neutrophils into the oral cavity
and, thus, effective antibacterial defense. A tendency can be noted that saliva collected at
T2 induced lower levels of IL-8 than that collected at T1. This observation, although in
most cases not statistically significant, may suggest that any potential detrimental effect
of OT is more pronounced in the early phase than in the later phase; specific studies with
higher participant numbers should further approve this.

Besides the inflammatory role, oral epithelial cells also exert an important role in
barrier function [30]. This function is partially mediated by E-cadherin, which is involved
in the intercellular contacts between adjacent cells [34], and the integrin subunits ITGa6 and
ITGp4, which are involved in the adhesion of epithelial cells to the basal membrane [35].
We found that the saliva of the study participants induced a significant decrease in the
gene expression of E-cadherin, ITGa6, and ITG[34, suggesting that the saliva might affect
the barrier function of oral epithelium. The assumption that saliva might regulate the
barrier function of the oral epithelium is also confirmed by the recent finding of Roy et al.,
who reported an increase in the transepithelial electrical resistance of cells treated with
saliva, which was attributed to the presence of some growth factors [16]. Interestingly, the
saliva collected three months after the therapy induced slightly higher gene expression
levels of barrier proteins, suggesting that OT might slightly change the properties of saliva.
Similarly to other parameters, we did not observe any difference between the saliva of
Invisalign and bracket patients in the ability to affect the gene expression of the barrier
proteins E-cadherin, ITGa6, and ITG(4.

In order to minimize the effect of inter-assay variability on the study outcome, we
used the saliva collected at the different treatment points within the same experiment on
host cells. To achieve this, the saliva was immediately aliquoted and stored at —80°C after
collection. A previous study suggested that the storage of saliva at —80°C preserves all its
components [36,37]. Of note, a similar protocol of freezing the saliva at —80 °C was also
applied in a recent study with periodontitis patients [16].

The data of our study do not favor either clear aligners or brackets regarding the in-
flammatory status and the ability of saliva to induce the inflammatory response in host cells.
Moreover, no changes in the investigated parameters were observed in the course of the
therapy. These data contradict some previous studies. Particularly, a recent clinical study
showed an increase in the levels of several inflammatory markers in the gingival crevicular
fluid of orthodontic patients treated with either aligners or fixed brackets one month after
the beginning of the therapy [38]. This study also found some differences between aligners
and brackets, but no clear tendency was found: some parameters, particularly interleukin
(IL)-1a, IL-2, IL-6, and IL-8, were higher in aligner patients, whereas others like TNF-a and
RANKL were increased in bracket patients [38]. Another study also reported an increase in
several inflammatory markers in the gingival crevicular fluid of orthodontic patients after
three weeks of treatment, with no difference between aligners and fixed appliances [39].
Some differences between our study and the literature data could be explained by different
biological materials and time points after the therapy.
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We did not find any essential alteration in the ability of the saliva to stimulate host
cells during the orthodontic therapy, nor any difference between the patients treated with
brackets or aligners. This finding does not mean that OT has no detrimental effect on
saliva properties and composition. Our study focused only on one of the aspects of saliva
properties, but further facets, like the impact of OT on salivary proteomics and microbiology,
still need to be investigated. Furthermore, the role of appropriate oral hygiene instructions
and their following by the patients on the study parameters could be essential.

Our study has some limitations, particularly a low number of participants and in vitro
character. Furthermore, as mentioned above, Ca9-22 is a squamous carcinoma cell line that
does not reflect the oral epithelium entirely. We diluted saliva before application to the cells,
which was unavoidable because the cells required culture media components for survival.

5. Conclusions

In summary, in the present study, we showed that different OT modes, namely In-
visalign and bracket treatments, do not affect the effect of their saliva on human gingival
fibroblasts and oral epithelial cells. Furthermore, the differences in the saliva collected
before and after therapy began were minimal. These findings contradict the data of clin-
ical studies, showing an increase in salivary levels of proinflammatory markers in the
course of OT. These differences are due to different study designs and could also be due
to the additional processing of saliva in our study. Nevertheless, the ability of saliva to
influence the inflammatory reactions and barrier properties of gingival fibroblasts and the
oral epithelium is an interesting phenomenon, and its physiological importance is still to
be understood.
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