
During insertion of titanium dental implants, particles may shear from the implant 
to the periimplant region causing osteolysis, and their association with bacteria can 
exacerbate the inflammatory reaction. However, the association of a high invasive 
bacterium from the oral cavity, Porphyromonas gingivalis (Pg), and titanium particles 
remains unknown. This study evaluated pro-inflammatory reaction of human macrophages 
in contact with micro and nanoparticles of titanium associated with Porphyromonas 
gingivalis lipopolysaccharide (PgLPS). THP-1 cell were used and treated for 12, 24 and 
48 h following 6 groups: Control(C), PgLPS (L); Microparticles (M); Nanoparticles (N); 
PgLPS and microparticles (LM); PgLPS and nanoparticles (LN). The following assays were 
carried out: i) cell viability using MTS, ii) cell morphology by SEM and iii) expression of 
tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β) and interleukin-6 (IL-6) 
by qRT-PCR and ELISA. For statistics two-way ANOVA followed by Tukey’s test was used 
(p<0.05). After treatment, cells presented similar viability and morphology demonstrating 
that the treatments were not able to induce cell death. Gene expression was significantly 
higher for TNF-α and IL1-β after 12 h, and for IL-6 after 24 h in the N and LN groups. 
Cytokine production over time was an ascending curve for TNF-α with the peak at 48 
h and IL1-β and IL-6 had a straight line among the time points, although cells from N 
group presented a significant production of IL-6 at 48 h. In conclusion, these results 
suggest that titanium nanoparticles stimulate stronger pro-inflammatory response in 
macrophages, independent of their association with LPS from P.gingivalis.
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Introduction
Titanium implants are most used for dental rehabilitation 

and their surface properties have been modified to enhance 
cellular response, usually by increasing the surface 
roughness (1). Modifications on implant surfaces are an 
attempt to increase their primary stability and improve 
the osseointegration process (1). Previous studies by our 
research group demonstrated that during insertion into 
bone, the peaks created to increase surface roughness 
are prone to break, culminating in the release of titanium 
microparticles and nanoparticles, especially in the cortical 
region near the neck of the implant (2,3). Histological 
analyses also showed that titanium particles can be trapped 
in peri-implant tissue even after 6 months of implant 
placement (4).

While the presence of titanium particles shed from 
titanium surfaces during dental implant insertion in the 
cortical region was proven, the consequences related to 
the presence of these particles in the dental peri-implant 
tissue were poorly investigated. Orthopedic studies showed 
that the presence of titanium particles from wear of 
limb prosthesis could over-express pro-inflammatory 

cytokines such as IL-6, TNF-α and IL1-β, that are related 
to the osteolysis process, culminating in bone loss around 
the implant and prosthesis failure (5). Furthermore, the 
orthopedic studies showed that presence of bacterial 
endotoxin in the implant could intensify the inflammatory 
reaction, increasing bone loss (6,7). 

In the peri-implant region there is a natural microbiota 
usually similar to the oral cavity before implant installation 
(8). Porphyromonas gingivalis is a key pathogen for 
periodontal diseases (9) and a bacterium reported to be 
in the dental peri-implant region after dental implant 
installation (8,10). Thus, it is important to assess the 
influence of titanium microparticles and nanoparticles 
released from dental implant surfaces during insertion, 
associated with endotoxins from bacteria in the peri-
implant area. Hence, an in vitro study was proposed to 
evaluate the pro-inflammatory reaction of macrophages, 
the first cell lineage interacting with a foreign body, in 
the presence of titanium microparticles and nanoparticles 
associated with lipopolysaccharide from P. gingivalis, 
regarding gene expression and protein production of pro-
inflammatory cytokines related to the osteolysis process.



Braz Dent J 28(4) 2017

429

Pr
o-

in
fla

m
m

at
or

y 
an

al
ys

is
 o

f m
ac

ro
ph

ag
es

 

Materials and Methods
Titanium Particles 

Microparticles of titanium powder CAS 7740-32-6 
(<20 micron, 93%, Alfa Aesar, Ward Hill, MA, USA) and 
titanium (IV) oxide nanoparticles CAS 13463-67-7 (21 
nm, Sigma Aldrich, St Louis, MO, USA) were used in this 
study. The particles were weighted and separated in 15 
mL tubes (Fischer Scientific, Waltham, Massachusetts, 
USA) containing 25 mg each. A cleaning procedure was 
required to certify that the particles were not contaminated 
with amounts of endotoxin (10-20 units/mL) as previously 
reported (6,7,11). The particles were cleaned using 25% 
nitric acid for 2 h followed by 3 washes in phosphate-
buffered saline (PBS) (Invitrogen, Waltham, MA, USA) 
for 5 min each and placed in 95% ethanol with 0.1 N of 
NAOH for 24 h, followed by 3 washes in PBS (6,12). After 
the cleaning procedure, the presence of endotoxins was 
measured using Limulus Amebocyte Lysate Chromogenic 
Endotoxin Quantification Kit (Thermo Fisher Scientific, 
Grand Island, NY, USA) following the manufacturer’s 
protocol. The presence of endotoxins was <0.01 endotoxin 
units/mL, confirming the effectiveness of the cleaning 
procedure (11). The particles were maintained in PBS 25 
mg/mL at 4 °C, and the solution was agitated for 20 min 
prior to each use (13).

Cell Culture
Human monocyte THP-1 cells (5x105 cells/well) (ATCC® 

TIB-202™; American Type Culture Collection, Manassas, 
VA, USA) were placed in a 6-well plate with RPMI-1640 
medium, supplemented with 10% fetal bovine serum 
and 1% penicillin-streptomycin antibiotics (Invitrogen, 
Carlsbad, CA, USA) in an incubator with 5% CO2/95% air at 
37 °C. The cells were differentiated to macrophages using 
125 ng/well for 48 h of phorbol 12 – myristate 13- acetate 
(PMA) (Sigma Aldrich, St. Louis, MO, USA) (14). The wells 
were washed 3 times with PBS and treated according to the 
following 6 experimental groups: no treatment, Control (C); 
1 μg/mL lipopolysaccharide from P. gingivalis (L) (15); 50 
ng/mL of titanium microparticles (M); 50 ng/mL titanium 
nanoparticles (N); 1 μg/mL of lipopolysaccharide from P. 
gingivalis plus 50 ng/mL microparticles (LM); 1 μg/mL of 
lipopolysaccharide from P. gingivalis plus 50 ng/mL of 
titanium nanoparticles (LN). The treatments were diluted 
in RPMI-1640 medium and 5 mL was placed in each well 
of a 6-well plate (12).  

Cell Viability in the Presence of Titanium Particles
The cell viability analyses were performed to evaluate 

whether the proposed treatments were leading to 
cell death. After treatments for 12, 24 and 48 h, the 
viability was verified in a spectrophotometer (Multiskan 

Spectrum Microplate Spectrophotometer; Thermo Fisher 
Scientific Inc., MA, USA) at 490 nm using CellTiter 96® 
Aqueous One Solution Cell Proliferation Assay with 
tetrazolium compound [3- (4,5-dimethylthiazol-2-yl) 
-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, inner salt; MTS (Promega, WI, USA) following 
the manufacturer’s instructions (16). The cells were also 
treated following the experimental groups on polysine-
coated glass cover slips (ThemoScientific, Waltham, MA, 
USA) and prepared for scanning electron microscopy (SEM) 
analysis with 5% Karnovisk overnight and dehydrated in 
successive concentrations of ethanol (50%, 70%, 95% and 
twice at 100%) with 15 min incubations between each step. 
The samples were then critical point-dried using a critical 
point dryer (Critical Point Dryer, Seevac Inc, FL, USA). Each 
specimen was mounted on a SEM stub and sputter-coated 
with a conductive layer of AuPd. The samples were imaged 
using a JEOL JSM 5600 PV SEM (Akishima, Tokyo, Japan).

Gene Expression Analysis
After the incubation period following the experimental 

groups, the cells were harvested after 12, 24 and 48 h. Also 
a baseline group (0 h) was prepared for gene expression 
data analysis. Total RNA was extracted using TRIzol 
Reagent (Invitrogen, Carlsbad, CA, USA) according to 
the recommended protocol and the quantity and quality 
of RNA obtained were analyzed by Nanodrop (ND-1000 
Spectrophotometer; Wilmington, DE, USA) and an agarose 
0.8% gel electrophoresis (40 min, 80 mA). Total extracted 
RNA was cleaned using DNA-free™ DNA Removal Kit 
(Ambion; Life Technologies, Carlsbad, CA, USA) and purified 
using RNeasy Mini Kit (Qiagen, Valencia, CA, USA). The 
purified RNA (0.5 μg of RNA per reaction) was converted to 
cDNA in a reverse transcriptase reaction using a PrimeScrip 
RT reagent kit (Qiagen). RT-PCR (100 ng of cDNA per 
reaction) was carried out using the PerfeCta SYBR Green 
FastMix Kit (Quanta Biosciences, Gaithersburg, MD, USA) 
and StepOnePlus real-time PCR system (Life Technologies) 
following 40 cycles of 95 oC for 10 s, and 60 oC for 30 s and 
95 oC for 10 s. The comparative quantification algorithm 
(ΔΔCt) method was used and the expression level of 
the internal control gene, Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used to normalize the data. 
Experiments were performed in triplicate. The gene specific 
primers used in this study are in Table 1. 

Quantification of Cytokine Production
The cell-free supernatant was collected from three 

independent experiments and the extracellular levels of 
cytokines TNF-α, IL-1β and IL-6 were measured using 
the Single-Analyte ELISArray Kits (Qiagen), following 
the manufacture protocol. The absorbance was on a 
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spectrophotometer (Multiskan Spectrum Microplate 
Spectrophotometer, Thermo Fisher Scientific), and 
concentrations were calculated according to the standard 
curve of each cytokine. 

Statistical Analyses
The results were analyzed by ANOVA followed by Tukey’s 

at 5% significance level SAS 7.0 statistical software (SAS, 
Cary, NC, USA)

Results
Cell Viability and Gene Expression of Inflammatory 
Cytokines

In order to verify whether the proposed treatments 
were able to cause cell death, metabolic activity as an 
indicator for cell viability was first measured using MTS 
assay. As shown in Figure 1, titanium particles (N and M) 
did not affect the proliferation of cells during the 48 h 
period, even after incubation with 1 μg/mL of LPS from P. 
gingivalis (p>0.05). In addition, macrophages presented 
similar morphology after different treatments, as visualized 
by SEM (Fig. 2).

Next, a qRT-PCR was performed to assess gene 
expression changes on pro-inflammatory cytokines IL-1β, 
TNF-α, IL-6 in macrophages. The findings demonstrated that 
the expression of three cytokines was time and treatment-
dependent (Fig. 3). The highest levels of transcripts for 
TNF-α, IL-1β and IL-6 were found in cells cultured with 
titanium nanoparticles (N), followed by the group of cells 
exposed to PgLPS plus titanium nanoparticles (LN) at each 
time point (Fig. 3). After 12 h in culture, mRNA levels for 
TNF-α and IL-1β reached the maximum expression for all 
treatments. However, the expression of TNF-α mRNA was 
up-regulated more than eight-fold and six-fold for N and 
LN groups, respectively, whereas levels of IL-1β transcripts 
were significantly increased (p<0.05) for cell exposure to 
titanium nanoparticles (@ 12 fold) compared to the other 
groups (Fig. 3). Regarding IL-6 cytokine, qRT-PCR analysis 
also demonstrated an increased expression for N and LN 
groups after 12 h of treatment (Fig. 3). Nevertheless, the 
treatment of macrophages with N and LN for 24 h led to 

the highest levels of transcripts for IL-6 (@eighty-fold and 
sixty-five-fold, respectively), confirming induction of pro-
inflammatory reaction by these titanium nanoparticles.

Titanium microparticles also induced a pro-
inflammatory response in macrophages characterized by 
increased expression of TNF-α and IL-6 cytokines (Fig. 3). 
However, this effect was smaller compared to titanium 
nanoparticles exposure, even in presence of LPS from P. 
gingivalis. Interestingly, the lower fold increase for all 
three cytokines was found in macrophages cultured under 
PgLPS challenge (Fig. 3). 

Cytokine Production
Overall, cytokine production had an ascending curve 

for TNF-α and the peak occurred after 48 h. For IL-1 β and 
IL-6 the production was almost a straight line, with the 
exception for the production of IL-6 for N group that had 
higher production at 48 h. 

The average high expression of cytokine was for IL1-β 
followed by TNF-α and IL1-6 (Fig 4). The results showed 
that TNF-α production was greater at 48 h for the N group 
(2019.1 pg/mL) followed by the M, LPS and LN groups, 
which were significantly increased (p<0.05) compared 
to control and LM groups (Fig. 4). The highest levels of 
protein production were observed for IL-1β, but there were 
no significant differences among the groups. For IL-6 the 
highest protein production was also observed for the group 
treated with nanoparticles at 48 h (1301,82 pg/mL). Overall, 
the groups treated with titanium micro and nanoparticles 
presented the highest protein production. The groups 
treated with titanium particles in association with PgLPS 
presented similar or less pro-inflammatory production than 
the groups treated just with titanium particles.

Discussion
The presence of titanium particles in the dental 

periimplant region can be an obstacle for bone 
regeneration, which may lead to marginal bone loss. The 
orthopedic literature showed the influence of titanium 
wear particles in the osteolytic process that cause implant 
failure and may be exacerbated in the presence of bacteria. 

This study investigated the behavior of human 
macrophages in the presence of titanium 
micro and nanoparticles associated with P. 
gingivalis lipopolysaccharide, an important 
pathogen for periodontal and periimplant 
disease (16,17).

To evaluate the influence of titanium 
particles on cell proliferation, human 
macrophages were initially cultured in presence 
of micro and nanoparticles associated or not 
with lipopolysaccharide from P. gingivalis. 

Table 1. Primers sequence used for amplification in real-time PCR

Gene Seq 5’to 3

GAPDH F: CGAGATCCCTCCAAAATCAA R:TTCACACCCATGACGAACAT

IL-1β F:GGACAAGCTGAGGAAGATGC R:TCGTTATCCCATGTGTCGAA

TNF-α F: AGCCCATGTTGTAGCAAACC R:TGAGGTACAGGCCCTCTGAT

IL-6 F: CACAGACAGCCACTCACCTC R:TTTTCTGCCAGTGCCTCTTT

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-1β, interleukin-1 beta; TNF-α, 
tumor necrosis factor alpha; IL-6, interleukin 6. 
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The data showed that macrophages remained viable, 
proliferative and without alterations of the cell morphology 
regardless of the particle size and the exposure to PgLPS. 
Nevertheless, titanium particles were able to induce a 
pro-inflammatory response characterized by the increased 
expression of transcripts and proteins for TNF-α, IL-1β and 
IL-6 cytokines. Although in the present study the cells were 
exposed to the same concentration (50 ng/mL) of micro 

and nanoparticles of titanium, the highest gene expression 
for all cytokines was found in the nanoparticles group. As 
described by previous studies (16,17), pro-inflammatory 
effect can be related to the titanium particle size. Probably 
because titanium nanoparticles are more efficiently 
absorbed by macrophages, inducing an intense effect on 
gene expression (18).    

Protein production was higher for IL1-β at all time 

Figure 2. SEM of macrophages after 12h, 24h and 48 h of treatment. (A-C) Control group, without treatment; (D-F) PgLPS at 1 μg/mL concentration; 
(G-I) Titanium Microparticles - M (50 ng/mL); (J-L) Titanium Nanoparticles - N (50 ng/mL); (M-O) PgLPS with titanium microparticles – LM; 
(P-R) PgLPS with titanium nanoparticles - LN. 

Figure 1. Effect of titanium particles associated or not with P. gingivalis lipopolisaccharide on the cell viability. Macrophages were cultured in 
presence of PgLPS (1 μg/mL; LPS), titanium microparticles (50 ng/mL; M), titanium nanoparticles (50 ng/mL; N), PgLPS with titanium microparticles 
(LM) and PgLPS with titanium nanoparticles (LN). Metabolic activity as an indicator for cell viability is represented by absorbance percentage 
compared to control group after 12, 24 and 48 h of treatment.
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points and all analyzed groups; this cytokine had a 
higher production compared to TNF-α and IL-6. However, 
the analysis of the protein production behavior is more 
significant than the values of production. IL-1β is the 
cytokine expressed to start the osteolytic process and plays 
an important role to TNF-α expression that modulates 
RANK-L production, leading to bone resorption (19) . 
Therefore, it was observed that production of TNF-α over 
time was an ascending curve. If the expression of these 
protein were analyzed at a later time point, the curve 
would probably still ascend, as described in a previous 
study (20). After the production of IL1-β and TNF-α, IL-6 
is produced and this cytokine is related to the recruitment 
and activation of osteoclasts, which resorb bone (5,21). For 
IL-6, the production pattern was a straight line between  
the group treated with titanium nanoparticles that showed 

higher production of cytokines after 48 h, suggesting that 
nanoparticles could lead to more bone resorption (21).

It was observed that mRNA and cytokine expressions 
did not present parallel behavior. For example, TNF-α 
was expressed at 12 h for N, LM and LN groups and the 
protein production did not occur at 12 h or even after 
24 h. Another finding was that IL-6 had the highest-fold 
increase and IL1-β produced more proteins. Other studies 
in the orthopedic literature described similar results to 
those of present study (11, 15,22), but the reasons for this 
are unknown. A possible explanation may be that this 
discrepancy in mRNA expression and protein production 
is related to post-transcriptional processing or autocrine 
mechanisms to prevent an over-inflammatory reaction 
that can be harmful for the system (15).

Moreover, other studies showed that titanium particles 

Figure 3. Gene expression analyses of pro-inflammatory cytokines 
related to osteolysis after 12 h, 24 h and 48 h of treatment. Fold 
increased of TNF-α,IL1-β and IL-6 was compared to the housekeeping 
gene (GAPDH) and control of each group (ΔΔCt). Macrophages were 
cultured in presence of PgLPS (1 μg/mL; LPS), titanium microparticles 
(50 ng/mL; M), titanium nanoparticles (50 ng/mL; N), PgLPS with 
titanium microparticles (LM) and PgLPS with titanium nanoparticles 
(LN)..* Significant differences from all groups from the same cytokine 
(p<0.05) and **Significant differences from all groups from the same 
cytokine (p<0.01). Data expressed as mean ± SD of experiments made 
in quadruplicate.

Figure 4. Pro-inflammatory cytokines expression after 12, 24 and 
48 h. Macrophages were exposed to PgLPS (1 μg/mL; LPS), titanium 
microparticles (50 ng/mL; M), titanium nanoparticles (50 ng/mL; N), 
PgLPS with titanium microparticles (LM) and PgLPS with titanium 
nanoparticles (LN). * Significant differences from all groups from the 
same cytokine (p<0.05) and **Significant differences from all groups 
from the same cytokine (p<0.01). Data expressed as the mean ± SD 
of experiments made in triplicate.
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contribute to inflammatory response without the presence 
of a pathogen, but the endotoxins can exacerbate 
inflammatory reaction (7). In this study, the association 
of titanium particles with a pathogen from the oral cavity 
(PgLPS) did not induce an increased pro-inflammatory 
response. LPS from P. gingivalis is reported not to be as the 
other Gram-negative bacteria, inducing pro-inflammatory 
cytokines in several types of cells including the monocyte/
macrophage type (14,19). This is characteristic of P. 
gingivalis that helps the bacteria to invade, without 
alarming the host immune system (23). Another explanation 
regarding the lower expression and production of the 
pro-inflammatory cytokines in presence of PgLPS could 
be related to the concentration used in this study. The 
obtained data corroborate the findings of other studies, 
which assessed the effect of commercial P. gingivalis LPS at 
1 μg/mL concentration in human gingival fibroblasts (24) 
monocytes (25), and human periodontal ligament cells (24). 
The increased pro-inflammatory response to commercial 
PgLPS was only found in human periodontal ligament 
stem cells exposed to high concentration of endotoxin (10 
μg/mL) (25). This dose-response effect of PgLPS could be 
related to P. gingivalis cell line or to the procedure used to 
extract LPS (24). Further studies are required to elucidate 
the inflammatory effect of titanium particles associated 
to viable bacteria or total extract of P. gingivalis.   

In this study it was observed that the presence of 
titanium particles can affect macrophages regarding gene 
expression and protein production of pro-inflammatory 
cytokines related to the osteolytic process, mainly in cells 
exposed to titanium nanoparticles. Moreover, investigations 
are required on the effect of titanium particles in the 
process of marginal bone breakdown in dental implants 
in the early stages of osseointegration. Titanium micro 
and nanoparticles could have a potential contribution in 
the bone resorption process leading marginal bone loss.

The presence of titanium particles stimulates the 
expression and production of pro-inflammatory cytokines 
TNF-α, IL-1β and IL-6, which are related to the osteolysis 
process. Nanoparticles of titanium affect more the pro-
inflammatory reaction. The association with LPS from 
P. gingivalis did not increase gene expression of pro-
inflammatory genes and produced less pro-inflammatory 
cytokine compared to the groups treated with titanium 
microparticles and nanoparticles. 

In conclusion, the outcomes of the resent study 
suggest that titanium nanoparticles stimulate a stronger 
pro-inflammatory response in macrophages, regardless of 
their association with LPS from P. gingivalis.

Resumo
Durante a inserção de implantes dentários partículas de titânio podem 

ser liberadas na região peri-implantar levando ao processo de osteólise 
e a associação com a bactéria pode exacerbar ainda mais a reação 
inflamatória. Entretanto, a associação de uma bactéria altamente invasiva 
da cavidade oral, Porphyromonas gingivalis (Pg) e partículas de titânio 
ainda não foi investigada. Este estudo avaliou a reação pró-inflamatória 
de macrófagos humanos em contato com micro e nanopartículas de 
titânio associada a lipopolissacarídeo P. gingivalis (PgLPS). As células 
THP-1 foram utilizadas e tratadas durante 12, 24 e 48 h nos 6 seguintes 
grupos: Controle (C), PgLPS (L); micropartículas (M); nanopartículas (N); 
PgLPS e micropartículas (LM); PgLPS e nanopartículas (LN). Em seguida 
foram realizados os seguintes ensaios: i) a viabilidade celular utilizando 
MTS, ii) a morfologia celular por MEV e iii) expressão do fator de necrose 
tumoral alfa (TNF-α), interleucina-1 beta (IL-1β) e interleucina 6 (IL-6) 
por qRT-PCR e ELISA. Como estatística foi realizado o teste ANOVA two-
way seguido pelo teste de Tukey (p<0,05). Após o tratamento, as células 
apresentaram viabilidade e morfologia semelhantes, demonstrando que 
os tratamentos não foram capazes de induzir a morte celular. A expressão 
de genes foi significativamente mais elevada para o TNF-α e IL1-β após 
12h, e para a IL-6 após 24 horas em N e grupos de LN. A produção de 
citocinas em relação ao tempo representou uma curva ascendente para o 
TNF-α com o pico em 48 h, enquanto que para IL1-β e IL-6 se apresentou 
como uma linha reta com relação ao tempo, exceto pelo grupo N que foi 
significativo para IL-6 em 48 h . Conclui-se, a partir destes resultados, 
que as nanopartículas de titânio produziram o maior estímulo na resposta 
pró-inflamatória nos macrófagos, independente da sua associação com 
LPS de P. gingivalis.
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