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M1 and M2 macrophages
phenotypes modulation after
stimuli with materials used in
endodontic treatment
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The aim of this study was to evaluate the M1 and M2 macrophage
modulation after stimuli with different materials used during endodontic
treatment. In bone marrow-derived macrophage cell culture, from males
C57BL/6 wild-type (WT) mice, gene expression analysis of markers to M1 and
M2 macrophages was performed by qRT-PCR (Cxcl10, CxCL9, iNOS, Arg1,
Chil3, Retnla and MRC1) and cytokine quantification by Luminex® (GM-CSF,
IL-10, IL-6, IL-1B and TNF-o) after exposure to the five endodontic sealers:
AH Plus, Sealapex Xpress, Endosequence BC Sealer, BioRoot RCS and a
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calcium hydroxide-based paste. For normal values, ANOVA test was used,
followed by Tukey post-test. For non-normal values, the Kruskall-Wallis test
was used. BioRoot™ RCS and EndoSequence BC Sealer™ stimulated the Kev Words: h
highest expression of markers for M1 macrophages, while calcium hydroxide- ey .or > mlacr.op ages.
based paste stimulated the lowest expression of these gene markers. For M2 cytokines, periapical

protein markers, BioRoot™ RCS presented the highest stimulation while periodontitis, root canal
calcium hydroxide-based paste also presented the lowest stimulation. It was obturation, calcium hydroxide.
concluded that all the evaluated filling materials increased the genetic

expression of pro- and anti-inflammatory markers: TNF-oc and IL-10

respectively. The others proinflammatory mediators showed differences

against the filling materials. However, this process did not induce the

inflammatory response polarization, resulting in a hybrid macrophage.

Introduction

Apical periodontitis formation requires that pattern recognition receptors (PRRs) expressed by cells
from the immune system, recognize the pathogen - from caries- or the damage - from dental trauma -
through pathogen-associated molecular pattern (PAMPs) or damage-associated molecular pattern
(DAMPs) (1). This process will trigger the release of cytokines and chemokines by inflammatory cells, such
as macrophages, initiating the inflammatory response (1). Depending on the aggressor stimulus, the
amount of cytokines produced and the duration of exposure, macrophages can be polarized into two
main phenotypes by the microenvironment stimulation: “classically activated” macrophages or M1 and
“alternatively activated” macrophages or M2 (2).

M1 macrophages are mainly related to the onset of the immune response and the proinflammatory
cytokines production, while the M2 phenotype modulates the inflammatory response and wound repair
(2). M1 macrophages activation occurs through Interferon gamma (IFN-v), Bacterial Lipopolysaccharides
(LPS) and Macrophage and Granulocyte Colony Stimulating Factor (GM-CSF) stimuli (3). On the other
hand, stimuli such as MCSF-1, IL-4, IL-10, TGF-R and IL-13, fungi and helminth infections can lead
macrophage M2 phenotype polarization (3,4).

In dentistry, a recent study demonstrated that manipulation of endogenous M2 macrophages with
CCL2, an important chemotactic factor for these cells, prevented alveolar bone loss in mouse
periodontitis models (5). Specific in the Endodontics field, studies have evaluated some aspects involved
with the ability of different materials to stimulate macrophages polarization (6,7,8,9).

The interaction of the filling material, as well as the intracanal medication, with the periapical
tissues through the apical foramen can modulate the inflammatory response (10). Thus, it is of crucial
importance to carry out research to evaluate the effect of different materials used during endodontic
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treatment on the modulation of the inflammatory process and the immune system. Studies have been
carried out in order to investigate the ability of endodontic filling materials to modulate the
inflammatory response (11), and observed the ability of some endodontic sealers in stimulating the
expression of inflammatory cytokines. In the same way, Jeanneau, et al. (10) evaluated the ability of zinc
oxide and eugenol-based materials in modulating the expression of pro-inflammatory cytokines. They
concluded that Endomethasone N (Septodont) was able to inhibit the expression of these cytokines,
generating an anti-inflammatory effect, which could reduce the inflammatory reaction, improving
periapical repair and, consequently, improving the clinical outcome. Both studies demonstrated the
importance and the ability of endodontic sealers to modulate the inflammatory response (10,11).

Considering the ability of endodontic filling materials in modulating the inflammatory response
and knowing the macrophage polarization importance in the immune response, studies are needed in
order to understand macrophage polarization modulated by different filling materials and intracanal
medications for safer use during the clinical practice. The aim of the study was to evaluate the ability of
different materials used during endodontic treatment (filling material and intracanal dressing) in
modulating the macrophage phenotype into M1 and M2. The null hypothesis tested was that these filling
materials and intracanal medication are not able to modulate the macrophage phenotype in M1 and M2
macrophages.

Material e methods

Bone Marrow Cell Culture Study

This work was first approved by the Animal Use Ethics Committee of the Ribeirdo Preto School of
Dentistry of the University of Sdo Paulo (2016.1.645.58.0). Three males C57BL/6 wild-type (WT) mice,
aged 6 to 8 weeks, weighing 20 grams were used. The animals were kept with standard feed and free
access to water. After 1 week of setting, they were anesthetized by intramuscular injection with
Ketamine (150 mg/kg body weight) and Xylazine (7.5 mg/kg body weight) and then sacrificed in a carbon
dioxide (CO2) chamber.

After femurs and tibias obtaining, bone marrow cells were extracted by washing the inside of the
bones with minimal essential medium (DMEM - Dulbecco) supplemented with 10mM L-glutamine,
100U/mL penicillin, 100U/mL streptomycin, and 20% horse serum. Suspension cell number was
determined using Neubauer chamber and Turk's solution. Cell viability was determined by excluding cells
stained blue in the Trypan Blue solution and were used when viability was greater than 90%.

The isolated cells (105/mL) were cultured for 7 days (with DMEM supplemented with 10mM L-
glutamine, 100U/mL penicillin and 100U/mL streptomycin, with 20% horse serum and 30% 1929-
conditioned medium and the suspension was named as bone marrow derived macrophages (BMDM).

BMDMs were seeded in 48-well microculture plates with a density of 5x10° cells/well and incubated
at 37°C in a humidified 5% CO2 atmosphere for 18 hours. After this, BMDM cultures were exposed to
different dilutions proportions in DMEM medium (1:10, 1:100, 1: 300 and 1:1000) of the following
materials: AH Plus™ (Dentsply, Johnson City, EUA), BioRoot™ RCS (Septodont, Lancaster, EUA),
EndoSequence BC Sealer™ (Brasseler, Savannah, EUA), Sealapex Xpress™ (Kavo Kerr, Orange, EUA) and
Calen® (S.S White Artigos Dentarios, Rio de Janeiro, RJ, Brazil). The materials used in this study are
presented in Table 1, as well their manufacturers and the composition. DMEM medium without the
addition of materials was used as negative control. The BMDMs with the different stimuli were incubated
at 37°C in a humidified 5% CO2 atmosphere for 24 hours.
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Table 1. Description of materials used and their respective manufacturers, batch number and composition.

Material Manufacturer Batch number Composition

Paste A Paste B

Bisphenol-A  Epoxy Resin, | Dibenzyldiamine,

AH Plus™ Dentsply L:291293 J Bisphenol-F  Epoxy Resin, | Aminoadamantine,
Zirconium Oxide, Calcium | Tricyclodecane diamine, Calcium
Tungstate, Silica, Iron Oxide, | Tungstate, Zirconium  Oxide,

Pigments Silica, Silicone Oil
Powder: Liquid:
BioRoot™ RCS Septodont L:B18217B Tricalcium silicate, povidone | Calcium Chloride and
and zirconium oxide Polycarboxylate
Calen® S.S. White 10190714 Calcium hydroxide p.a., Zinc oxide p.a., Rosin and Glycol
polyethylene 400
EndoSequeﬁ/fe BC Brasseler L: (10) 15003SP Calcium sﬂ{cate, mon.obam.c calcium phosphate, zirconium oxide,
Sealer tantalum oxide and thickening agents
Sealapex Xpress™ Kavo Kerr L: 5-1252 N-etil-o(o  p)-toluenosulfonamide, calcium oxide, isobutyl

salicylate, zinc oxide

Culture supernatants were collected and stored at -20°C until their use for Luminex® assay and the
mRNA obtained from the cells was submitted to qRT-PCR analysis for M1 and M2 macrophages analysis.

MTT Assay

To assess cell viability after BMDM stimulation with different materials, the MTT assay was employed
using the 3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium water soluble tetrazolium salt (Sigma).
The absorbance was determined at a wavelength of 595 nm in a spectrophotometer (Molecular Devices,
USA). DMSO (5% v/v) was used as positive control for cytotoxicity. Absorbance was used as a cell viability
index and the results were expressed as percentages relative to the negative control group (culture
medium) compared to the stimuli.

qRT-PCR

The qRT-PCR was performed according to previously published studies (12). RNA extraction was
made using the PureLink RNA Mini Kit manufacturer's protocol (Ambion, Life Technologies, Carlsbad, CA,
USA). The amount of extracted RNA was estimated with NanoDrop One (Thermo Fisher Scientific Inc,
Wilmington, DE). The reverse transcription reaction was based on the protocol proposed by the Tagman®
manufacturer.

The amplification reaction of each gene consisted of cDNA specific primers, specific fluorescent
probes and MasterMix reagent (Applied Byosistems). Glyceraldehyde-3-phosphate dehydrogenase
(Gapdh) and B-actin (Actb) were analyzed as housekeeping genes. The expression of Cxcl10, CxCL9 and
iNOS mRNA (markers of M1 phenotype) and Arg1, Chil3, Retnla and Mrc1 (markers of M2 phenotype)
were evaluated. Also, as control, were evaluated IL-4 and IFN-v. Reactions were performed in duplicate
for each sample. After sample amplification, relative quantification was performed using the 2-AACt
method. The data were expressed in Fold regulation in relation to Control Group (DMEM medium).

Total Protein Quantification

In order to normalize the value found in the Luminex® assay (Luminex® value/total amount of
protein for each sample), the total protein quantification was performed each sample using the BCA
Protein Assay Kit (Novagen - Darmstadt, Germany). The protocol followed was according to the
manufacturer's instructions and measured using a spectrophotometer at 562 nm wavelength.
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Cytokine Quantification Using Luminex®

GM-CSF, IL-6, IL-13 and TNF-o (phenotype markers M1) and IL-10 (M2 phenotype markers)
concentrations were analyzed in duplicate in the cell culture supernatant by Luminex® assay using the
Millipore 7-plex kit (Millipore Corporation, Billerica, MA, USA). Assays were performed in 96-well plates
following the manufacturer's instructions. Sample concentrations were quantified from the standard
curve using a third order polynomial equation and GraphPadPrism 5 software (GraphPad Software Inc.,
La Jolla, CA, USA), expressed as pg/mL. For each sample, the normalization value was obtained dividing
the Luminex® results by the total proteins amount.

Statistical analysis

For quantitative variables, the values were expressed as mean and standard deviation. To evaluate
the normality of the samples were used D'Agostino-Pearson and Shapiro-Wilk tests. To compare the
groups after qRT-PCR, two-way ANOVA was used, followed by Tukey post-test. To compare the other
analysis, the ANOVA test was used, followed by the Tukey post-test if the distribution was normal.
Otherwise, the Kruskall-Wallis test was used. The adopted significance level was 5%. All analyzes and

graphical representations were performed with the aid of GraphPad Prism 7 Software (GraphPad
Software).

Results

MTT Assay

The MTT assay results (Figure 1) showed that up 1:100 dilution proportion the results regarding
satisfactory cell viability in all experimental groups analyzed (AH Plus™, BioRoot™ RCS, Calen®,
EndoSequence BC Sealer™ and Sealapex Xpress™), with values greater than 90%. Therefore, all

subsequent gene expression and protein assay tests were performed at this concentration for all
materials.
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Figure 1. Representative graphic of MTT assay after MDBM cells stimulation
with AH Plus™, BioRoot™ RCS, Calen®, EndoSequence BC Sealer™ and
Sealapex Xpress™ at different concentrations.

qRT-PCR
Markers of M1 phenotype: Cxcl10, CxCL9 and iNOS
The control INF-y showed high expression in all analysis for M1 phenotype, with statistical

significant difference from the control (medium). On the other hand, IL-4 didn't show difference (p>0.05)
from control after analysis of M1 phenotype markers (Figure 2).
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Figure 2. Representatives graphics of qRT-PCR performed with markers of M1 phenotype: Cxcl10, CxCL9 and iNOS and markers
of M2 phenotype: Arg1, Retnla, Chil3 and MRC1 besides of the controls IL-4 and IFN-v after stimuli with AH Plus™, BioRoot™
RCS, Calen®, EndoSequence BC Sealer™, and Sealapex Xpress™. * p<0.05, ** p<0.001 **, p<0.0001. INF- v and IL-4 showed high
expression in all analysis for M1 phenotype (p>0.0001) and M2 phenotype (p>0.0001) respectively. In the analysis of M1 markers,
EndoSequence BC Sealer™ presented a statistically significant difference from control (medium) in Cxcl10 (p>0.01) and CxCL9
(p>0.001) expression. BioRoot™ RCS (p<0.001) and Sealapex Xpress™ (p<0.01) presented a down regulation for iNOS expression.
In the analysis of M2 markers, Sealapex Xpress™ was downregulated (p<0.05) for Arg1 analysis. BioRoot™RCS (p<0.01), Calen®
(p<0.01), EndoSequence BC Sealer™ (p<0.001) and Sealapex Xpress™ (p<0.01) downregulated the Retnla expression. For Chil3
and Mrc1 expression, none of tested materials showed expression with statistical significant difference from the control.
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Cxcl10 analysis revealed that EndoSequence BC Sealer™ (p>0.01) was significantly more expressed
when compared to the control (medium). Similar results were observed after analysing CxCL9.
EndoSequence BC Sealer™ presented a statistically significant difference from control (p<0.001).
BioRoot™ RCS (p<0.001) and Sealapex Xpress™ (p<0.01) presented a down regulation for iNOS
expression(Figure 2).

Markers of M2 phenotype: Arg1, Retnla, Chil3 e MRC1

The control IL-4 showed high expression in all analysis for M2 phenotype, with statistical significant
difference from the control (medium). On the other hand, INF-y didn't show difference (p>0.05) from
control after analysis of M2 phenotype markers. Arg1 analysis revealed that Sealapex Xpress™ was
downrequlated (p<0.05). BioRoot™ RCS (p<0.01), Calen® (p<0.01), EndoSequence BC Sealer™ (p<0.001)
and Sealapex Xpress™ (p<0.01) downregulated the Retnla expression. After analysis for Chil3 and Mrc1
expression, none of tested materials showed expression with statistical significant difference from the
control (Figure 2).

Luminex® Assay

Macrophage M1 polarization marker: GM-CSF, IL-6, IL-13 and TNF-o

The data analysis showed that the amount of GM-CSF found after stimulation with AH Plus, BioRoot
and EndoSequence was statistically different when compared to the group of non-stimulated BMDM
cells (p=0.024), with the lowest values. In addition, a statistical difference was observed between BioRoot
and Sealapex materials, with the highest values observed after stimulation with BioRoot (p<0.05) (Figure
3A).
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Figure 3. Representatives graphics of amount of GM-CSF (A), IL-6 (B), IL-18 (C) and TNF-o (D) after
stimuli with AH PlusTM, BioRootTM RCS, Calen®, EndoSequence BC SealerTM, and Sealapex
XpressTM. (¥) means statistical difference among groups. (*) means statistical difference between
the experimental groups compared with the control group. Note that for GM-CSF, IL-6 and IL-1p
the data distribution was not normal and therefore the Kruskal-Wallis statistical test was used. For
TNF-o the data distribution was normal and therefore the ANOVA statistical test was used.
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The lowest IL-6 values were observed in the AH Plus, Calen and control groups. There was a
difference when the control group was compared with BioRoot, EndoSequence and Sealapex. AH Plus
also showed a statistically significant difference with BioRoot and EndoSequence (p=0.003) (Figure 3B).

Higher IL-1p level was observed after BMDM stimulation with BioRoot. The lowest values, however,
were observed when culture medium was used and when Calen paste, AH Plus, Endosequence and
Sealapex were the stimulating factors. In this sense, a statistical difference was observed between
BioRoot when compared to the control group (culture medium) and Calen (p=0.0008) (Figure 3C).

All experimental groups were statistically different (p<0.05) from the culture medium group
(control) with p-value <0.0001, and the medium presenting the lowest amounts of TNF-c. The BioRoot
group, in turn, had significantly higher values when compared to the Calen, Sealapex and AH Plus groups
(p<0.05) (Figure 3D).

After data analysis regarding the M1 polarization quantification, it was observed that the BioRoot™
RCS and EndoSequence BC Sealer™ materials presented the highest amount of inflammatory mediators
typically from M1 function, suggesting that they can activate this macrophage response more strongly.
The opposite was observed by analyzing the Calen group, where smaller amounts of these markers were
observed after stimulation of BMDM cell culture, suggesting a lower ability of this material to stimulate
those macrophages to a M1 response.

Macrophage M2 polarization marker: IL- 10 (Figure 4)

All experimental groups presented higher amounts of IL-10 compared to culture medium (p<0.05).
In addition, the BioRoot-stimulated group also had larger amounts than the Calen group (p<0.05).

The data analysis related to the quantification of M2 polarization marker proteins revealed that
BioRoot™ RCS showed a higher number of the M2 macrophages marker, suggesting its ability to induce
macrophages for this subtype. The stimulation with Calen paste, in turn, presented the smallest amount
of M2 macrophages marker, suggesting a lower capacity of this material to polarize macrophages for
this subtype.
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Figure 4. Representative graphic of IL-10 expression
after stimuli with AH Plus™, BioRootTM RCS, Calen®,
EndoSequence BC Sealer™, and Sealapex Xpress™. (*)
means statistical difference among groups. (*) means
statistical difference between the experimental groups
compared with the control group. Note that for IL-10
the data distribution was normal and therefore the
ANOVA statistical test was used.
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Discussion

In order to clarify whether new and well-known endodontic treatment materials also have
properties that favor periapical repair, the present study evaluated four filling materials (AH Plus™ -
epoxy resin-based material; BioRoot™ RCS - tricalcium silicate-based material; EndoSequence BC
Sealer™ - calcium silicate bioceramic material; and Sealapex Xpress™ - calcium hydroxide material), in
addition to Calen® paste - calcium hydroxide material, to identify its ability to modulate the
macrophages in M1 and M2 phenotypes. The results suggested that BioRoot™ RCS and EndoSequence
BC Sealer™ stimulated the highest expression of gene markers for M1 macrophages, while Calen® paste
stimulated the lowest expression of these markers. For M2 markers, BioRoot™ RCS presented the highest
stimulation while Calen® paste also presented the lowest stimulation.

IL-13 and TNF-o are important proinflammatory mediators for the initial immune reaction (12) and
can be secreted by macrophages (13). In addition, IL-1p stimulates bone resorption by increasing
osteoclast formation (14). TNF-a is known to be a classic proinflammatory mediator (15). M1
macrophages show high capacity to secrete cytokines such as IL-13 and TNF-c, but also IL-12 and IL-18
(3).

In this sense, Zhu et al. (8) found, in macrophage cell culture, that both iRoot SP (Innovative
BioCeramix Inc., Vancouver, Canada) a bioceramic material, and MTA (Dentsply, Tulsa, OK) silicate and
calcium-based material, induced the expression of IL-13 and TNF-c. Our results showed a similar event.
The results of the present study showed that MTA-based material (BioRoot™ RCS) also induced high IL-
1B production, being statistically different from control (culture medium) and also different from Calen®
paste. Regarding TNF-c, our results agree with Zhu et al. (8) presenting BioRoot™ RCS and EndoSequence
BC Sealer™ high production of this cytokine. The other materials evaluated (AH Plus™, Calen® and
Sealapex Xpress™) also presented statistical differences when compared to the control. In addition,
BioRoot™ RCS is statistically potent production when compared with AH Plus™, Calen® and Sealapex
Xpress™. Zhu et al. (8) also evaluated the gene expression of IL-12 (expressed in high concentration
during the initial inflammatory reaction by M1 macrophages) and IL-10 (expressed by M2 macrophage
and related to the repair process). They concluded that both M1 and M2 phenotypes could be induced
by iRoot SP and MTA. The present study, using other markers and other methodologies, observed that
not only MTA-based or bioceramic materials, but all five materials tested, induced the expression of
cytokines markers of both M1 phenotype and phenotype M2, display a non-polarized macrophage
phenotype, but a functional cluster of inflammatory activity.

Yuan et al. (16) evaluated MTA and iRoot SP materials in cell culture under conditions that mimicked
inflammation. IL-13, TNF-o and IL-6 were significantly increased when cells were stimulated by those
materials. In agreement, the present study demonstrated that when IL-6 was evaluated, it presented the
highest amount after stimulation with BioRoot™ RCS and EndoSequence BC Sealer™, and also the
Sealapex Xpress™ group showed significantly higher values when compared to the control. IL-6 is a
classically cytokine related to M1 macrophage polarization (17). This cytokine promotes lymphocyte
activation, proliferation and survival during the immune response (18). Gomes-Filho, et al. (19), evaluated
three different endodontic cements (Endo-CPM - MTA-based cement, Sealapex and MTA). They
concluded that all materials induced IL-6 release, but the amount was not statistically different from
the control group (culture medium). Our results disagree with these authors since the Sealapex Xpress™,
BioRoot™ RCS, and EndoSequence BC Sealer™ groups induced IL-6 expression and were different from
the control group. Those differences could be explained by specific methodology steps like cell lineage
used for the evaluation. However, we agree that the materials evaluated may play an important role in
modulating inflammation.

In another study, Martinho, et al. (20) observed, in cell culture, increased expression of IL-6, IL-8
and TNF-o after stimulation with AH Plus. We agree with regard to TNF-o expression, since our results
also demonstrated that AH Plus™ stimulated greater expression of this cytokine compared to the control
group. However, our results demonstrated that AH Plus™ stimulated the lowest amounts of IL-6, showing
no statistically significant difference from the control group. Again, one of the factors that can cause
this difference is the fact that those authors used immortalized human pulp cell culture, not BMDM as
the present study. Still related to IL-6, in monocyte cell culture from human blood, Souza, et al. (11)
observed that AH Plus™ values did not differ from the control group, agreeing with our results. However,
when Endosequence was evaluated by them, there was no difference compared to the control group. We
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disagree with this result, since our results revealed that the EndoSequence BC Sealer™ showed difference
when compared with both control group and AH Plus™.

Bacterial LPS and cytokines such as IFN-y, TNF-oc and Granulocyte-macrophage colony-stimulating
factor (GM-CSF) induce the macrophage polarization to M1 phenotype. When GM-CSF was quantified
in present study, the highest values were observed after stimulation with EndoSequence BC Sealer™,
followed by BioRoot™ RCS and AH Plus™. All the materials presented statistical differences with the
control group. In general, the evaluated materials were able to promote the proinflammatory cytokines
expression and the onset of the inflammatory response, having an effect on the repair process of the
periapical lesion. After all, it is known that inflammation is the result of the protection against an
infection spread, followed by resolution, in other words, the restoration of affected tissues into their
normal structural and functional states (21).

In addition, according to the parameters adopted for the characterization of macrophages, it was
observed that all materials studied were able to modulate macrophages for the M1 phenotype. M1
macrophages are activated by intracellular pathogens, LPS, IFN-y, TNF-a and GM-CSF. In addition, they
are able to mediate resistance against pathogens, present antimicrobial and anti-tumor activities, high
nitrogen and reactive oxygen production, and promote Th1 responses (22).

However, our results also demonstrated that all materials studied were generally able to promote
the production of IL-10. IL-10 is an important immunoregulatory cytokine expressed by several
inflammatory cells, including macrophages (19). The inflammatory resolution requires an adequate and
coordinated balance of pro and anti-inflammatory mechanisms. Proinflammatory mechanisms are
responsible to eliminate the pathogen and are then negatively modulated by IL-10, allowing the repair
process (23). The present study demonstrated that all endodontic materials tested presented significantly
higher amounts when compared to the IL-10 levels in the control group. This demonstrates that these
materials have the ability to stimulate macrophages to produce IL-10 and could play a role during tissue
repair by stimulating anti-inflammatory mechanisms. Our results agree with Souza, et al. (11). They
evaluated the amount of IL-10 in cell culture after stimulation with the AH Plus™ and EndoSequence
BC Sealer™ cements, and found that the amounts of this cytokine were higher when compared these
materials to the control group.

According to the parameters used in the present study for M2 macrophages characterization, it was
observed that all materials studied were able to polarize macrophages for this phenotype. Yeh, et al. (9)
pointed out that MTA participated in the repair process, as it has demonstrated the ability to differentiate
macrophages into M2. However, Yeh, et al. (9) selected just CD206, a classic marker to alternatively
activated macrophages - M2 when they performed flow cytometry. Our results demonstrated that the
MTA-based material BioRoot™ RCS was able to polarize macrophages for both M2 and M1 phenotypes.
In another study, after tube implantation containing MTA on mice subcutaneous tissue, M2 macrophages
accumulated in the implanted area, suggesting that the repair process involves this cell type (6). The
same was observed after performing MTA pulpotomy in rat molars, it has been suggested that M2
macrophages participate in the early repair process (7).

In addition, qRT-PCR assay did not show a regulation pattern of macrophage polarization. Although
some statistical differences after the PCR analyses, with specific differences, were found, the tested
materials were not able to polarize the macrophages to a specific phenotype.To identify polarization,
they expressions should follow the pattern of the IL-4 and IFN-v controls, with increased expression in
M2 pattern and decreased in the M2 pattern.

Finally, our results demonstrated that the evaluated materials were able to induce a mixed
macrophage pattern. Similarly, studies using biomaterials such as biofunctionalized scaffolds (24)
demonstrated that macrophages exhibited hybrid phenotypes, that is, exhibiting characteristics of the
M1 and M2 simultaneously. In their review, Witherel, et al. (25) concluded that the role and function of
macrophages exhibiting a hybrid phenotype remain uncertain in biomaterial-mediated fibrosis and may
even have a phenotype entirely different from what we already know.

Knowing the complexity of the human immune system, the limitation of this study was the in vitro
controlled environment in which the endodontic filling materials were inserted, which can not represent
the entire reality.

However, further studies, especially in vivo, are needed to better understand modulation of M1 and
M2 phenotypes of macrophages induced by different dental materials.
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Conclusion

After data analysis, it was concluded that all the filling materials stimulated the expression TNF-o
and IL-10, pro- and anti-inflammatory mediators, respectively. We found differences along the other
proinflammatory mediators. GM-CSF was stimulated by AH Plus™, BioRoot™ RCS and EndoSequence BC
Sealer™. The IL-6 expression was stimulated by BioRoot™ RCS, EndoSequence BC Sealer™ and Sealapex
Xpress™. In turn, IL-1p was stimulated just by BioRoot™ RCS. Although, this process did not induce the

macrophage polarization, resulting in a hybrid macrophage, stimulating a mixed macrophage pattern
(M1/M2).
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Resumo

O objetivo deste estudo foi avaliar a modulacdo dos macrofagos M1 e M2 apos estimulos com
diferentes materiais utilizados durante o tratamento endodontico. Em cultura de células de macrofagos
derivados da medula dssea de camundongos machos C57BL/6 wild-type (WT), apos a exposicio a cinco
cimentos endoddnticos: AH Plus, Sealapex Xpress, Endosequence BC Sealer, BioRoot RCS e pasta a base
de hidréxido de calcio foi realizada a analise da expressio génica dos marcadores para macrofagos M1 e
M2 por qRT-PCR (Cxcl10, CxCL9, iNOS, Arg1, Chil3, Retnla e MRC1) e quantificagdo de citocinas por
Luminex® (GM -CSF, IL-10, IL-6, IL-18 e TNF-o). Para valores normais, foi utilizado o teste ANOVA,
sequido do pos-teste de Tukey. Para valores ndo normais, foi utilizado o teste de Kruskall-Wallis.
BioRoot™ RCS e EndoSequence BC Sealer™ estimularam maior expressio de marcadores para
macréfagos M1, enquanto a pasta a base de hidroxido de calcio estimulou expressdo mais baixa desses
marcadores génicos. Para o marcador de proteinas para M2, BioRoot™ RCS apresentou a maior
estimulacdo, enquanto a pasta a base de hidroxido de calcio também apresentou menor estimulacgéo.
Concluiu-se que os materiais obturadores avaliados aumentaram a expressido genética de marcadores
pro- e anti-inflamatorios: TNF-o e IL-10 respectivamente. Os demais marcadores pré inflamatorios
mostraram diferencas em relacdo aos materiais obturadores. No entanto, esse processo nao induziu a
polarizagdo da resposta inflamatoria, resultando em um macrofago hibrido.
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