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ABSTRACT and titanium (Ti) discs, coated with pectic
polysaccharides, potato unmodified RG-I (PU) and
Titanium has been used with success for bone potato dearabinanated RG-I (PA), have been
anchoring of dental implants. However, when examined. The inflammatory responses of HMDMs
implant surfaces are exposed to the oral environ- after E. coli LPSP. gingivalis stimulation were
ment, the progression of peri-implantitis triggered investigated through gene expression measurements
by specific oral bacteria has been reported. Batter of pro- and anti-inflammatory cytokines. The result
colonization of implants leads to prolonged immune showed that PU and PA decreased expression of
cell activation and bone resorption. A new strategy the proinflammatory genes tumour necrosis factor-
to improve implant biocompatibility and prevent alpha {[NFA), interleukin-1 beta I{1B) and
peri-implantitis is to develop pectin surface interleukin-8 (L8) in activated HMDMs cultured on
nanocoatings. These plant-derived polysaccharides TCPS/Ti surfaces. In contrast, the effects on anti-
are promising candidates for surface nanocoatihgs o inflammatory interleukin-101{10) gene expression
titanium implants due to their osteogenic and anti- were not significant. The results indicate that RG-
inflammatory properties. Therefore, the aim of the should be considered as a candidate for organic
study was to evaluate thén vitro effect of nanocoatings of titanium implant surfaces in otder
nanocoating with plant-derived rhamnogalactu- limit host proinflammatory responses and improve
ronan-l (RG-lI) on pro- and anti-inflammatory bone healing.
responses of primary human monocyte-derived
macrophages (HMDMs) induced bscherichia Keywords:  Rhamnogalacturonan-l;  Titanium;
coli LPS andPorphyromonas gingivalis bacteria. In Nanocoating; Porphyromonas gingivalis, LPS;
the present study, two different types of surface Macrophage; Inflammation.
materials, tissue culture polystyrene (TCPS) plates
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1. INTRODUCTION

The gold standard material for endosseous
dental implants is titanium (Ti) due to its favoeab
physiochemical, mechanical and biological proper-
ties [1-3]. However, when dental implant surfaces

Pectin coating modulates macrophage response

mation and stimulate production of proinflammatory
mediators [20]. Prolonged macrophage exposure to
bacterial LPS results in peri-implant inflammation
and leads to tissue destruction around the dental
implant.

The peri-implantitis is associated with bio-

are exposed to the oral environment, spontaneousfilms comprising predominately of Gram-negative

progression of inflammation with bone and soft
tissue destruction has been reported [4]. Thergfore
titanium implant surface modifications are conti-
nuously developed to limit inflammation and
enhance bone healing process following implant
placement [5-7]. Nanocoating with organic mole-

and anaerobic species of periodontal pathogens,
such asPorphyromonas gingivalis [21]. This oral
bacterium is capable of generating an arsenal of
specialized virulence factors that contribute ® it
pathogenicity, including LPS, fimbriae, hemagglu-
tinin and cysteine proteinases (gingipains) [22].

cules, such as proteins and polysaccharides, is oneThe P. gingivalis LPS is a stimulator of host

of the methods used to improve biocompatibility
of dental implants. Plant-derived polysaccharides,
mainly represented by rhamnogalacturonan-1 (RG-I)
from pectins, have been proposed as potential
candidates for surface nanocoating of titanium
implants due to their osteogenic and anti-
inflammatory properties [8]. The structure of RG-I

can easily be modified with various enzymes, which
results in different physicochemical properties
and their effect on the cellular response [8-12].
The results ofin vitro studies showed increased

proliferation and metabolic activity, as well as

decreased proinflammatory response of different
cells cultured on enzymatically modified RG-I with

short arabinan side chains [12-15].

The success of biomaterial implantation

proinflammatory response and bone resorption. It
stimulates proinflammatory cytokine production of
IL-1a, IL-1B, IL-6, IL-8 and TNFe in monocytes,
as demonstrateh vitro [22, 23]. However, certain
bacterial species, includingscherichia coli, that
are less regularly detected in periodontitis could
frequently be found at peri-implantitis site [24}26
E. coli is an opportunistic pathogen in extensive
variety of human infections and has impact on
general host immune response, causing e.g. septic
shock [27, 28]. It has been suggested thatoli
could migrate via the blood circulation from
infections elsewhere in the human body and
colonize peri-implant sites. These bacteria caorfav
the development of peri-implantitis, especially in
immunocompromised host with a high risk of

depends on the outcome of the bone healing processbacterial infection [25].

following implant placement. Initially, implantatio
induces an acute inflammatory response to the
implanted biomaterials, followed by repair processe
resulting in bone healing [16, 17]. Macrophages,
monocyte-derived cells, are one of the major cellu-
lar players in the host inflammatory response.
Macrophages have recently come to the forefront in
biomaterials research not just as mediators ofidiss
debris removal, capable of secreting proinflam-
matory cytokines such as tumour necrosis factor-
alpha (TNFe), interleukin-lbeta (IL-f), inter-
leukin-6 (IL-6) and interleukin-8 (IL-8), but also
potentially as key players in promoting new bone
tissue formation at the implant surface through
growth factor secretion [18, 19]. However, bacleria
factors such as lipopolysaccharide (LPS, a cell wal
component of Gram-negative bacteria) are potent
macrophage activators, which inhibit bone for-

It has been reported that RG-Is inhibit
inflammatory cell response in LPS-stimulated
macrophagesn vitro [8, 29]. However, knowledge
of the effect of coating of titanium with RG-I
molecules on pro- and anti-inflammatory responses
of macrophages is still very sparse. Therefore, the
aim of the present study was to evaluateithatro
effect of nanocoating of titanium and polystyrene
surfaces with potato unmodified RG-I (PU) and
potato dearabinanated RG-I (PA) on pro- and anti-
inflammatory responses of primary human mono-
cyte-derived macrophages (HMDMSs) stimulated
by E. coli LPS andP. gingivalis bacteria. The
expression levels of pro- and anti-inflammatory
cytokines were investigated to determine inflam-
matory responses of activated HMDMs. The results
of the present study could contribute to develogmen
of plant-derived pectin nanocoatings to prevent

European Journal of Biological Research 2018; 8 (2): 84-95



86 | Mieszkowska et al. Pectin coating modulates macrophage response

inflammation and improve the bone healing process (Applichem, Darmstadt, Germany). After 15
following implantation, especially in immuno-  minutes skimmed milk was removed. Anti-$4)-3-
compromised patients with poor tissue healing galactan LM5 (Plant Probes, Leeds, UK) was diluted

capacity and a high risk of bacterial infection. 1:10 in 5% skimmed milk and applied 1ml/well.
The plate was placed on a shaker for 2 hours. All
2. MATERIALS AND METHODS Ti discs were washed three times with 5% skim-

med milk. 1 ml/well of secondary antibody, goat
2.1. Isolation, modification and nanocoating of anti-rat IgG for LM5 linked to FITC (fluorescein
RG-I isothiocyanate) (Sigma-Aldrich, Munich, Germany)
diluted 1:200 in 5% of skimmed milk was added.
RG-I was prepared as described previously The plate was covered with aluminum foil and
by Gurzawska et al. [7] by treatment of potato pulp placed on the shaker for 2 hours. Subsequently, Ti
(P) with enzyme preparations. The arabinan side discs were washed three times with 1 M PBS.
chains of potato RG-I were removed with Confocal images were done with a Leica TCS-SP5
a-L-arabinofuranosidase and endo-arabinanase Il confocal laser scanning microscope (Leica
(Novozymes, Bagsvaerd, Denmark). The chemical Microsystems, Exton, PA, U.S.A.) with PL Fluotar
properties, monosaccharide composition and linkage 10/x0.30 DRY objective. Excitation 488 and 633,
analysis of potato unmodified RG-I (PU) and potato zoom 1.8; beam splitter TD458/514/594, respec-
dearabinanated RG-I (PA) have been presented intively emission bandwidth 500-600 nm; 633 nm
previous studies [7, 10]. Briefly, the results skkow  laser; scan speed 100 Hz; emission bandwidth 644-
that the PU and PA is a homogeneous coating of 714 nm.
6-10 nm thick, defined as a nanocoating [10]. To
evaluate thein vitro effects of PU and PA  2.3.Invitro studies
nanocoatings on cellular responses, two different
types of material substrates were used: tissuareult The TCPS and Ti discs with PU and PA
polystyrene (TCPS) plates (Techno Plastic Product, nanocoatings were compared with control uncoated
Trasadingen, Switzerland) with a diameter of 60 mm TCPS and Ti discs. Peripheral blood for preparation
and commercially pure (grade 2) machined titanium of mononuclear cells for ailh vitro experiments was
(Ti) discs (Dentsply, Mannheim, Germany) with a obtained from healthy volunteer donors. Written
diameter of 60 mm. PU and PA (128 pg/ml) were informed consent was obtained from all volunteer
coated on the surface of 6-well TCPS plates and donors and the study was approved by the local
on the surface of the Ti discs placed in 6-well research ethics committee of the Dental School,
TCPS plates. The reaction was carried out at room College of Medical and Dental Sciences, University
temperature overnight in sterile conditions on a of Birmingham, Birmingham, UK (approval number
shaking platform (IKA-Werke GmbH & Co. KG,  14/SW/1148).
Staufen, Germany) at 100 rpm and then the plates
and Ti discs were extensively rinsed in sterileavat  2.3.1. Cell culture
and dried in a laminar flow hood before vitro

experiments. Peripheral blood mononuclear cells (PBMC)
were isolated from heparinized (10 U/ml) blood by
2.2. Detection of PU and PA nanocoatings centrifugation on Ficoll-Paql® Plus (Amersham

Biosciences, Little Chalfont, UK) as previously

PU and PA RG-Is nanocoatings on Ti surface described [18]. PBMC were resuspended at a
were visualized using immunofluorescence labeling density of 1 x 1 cells/ml in Iscove’s-modified
and confocal microscopy. Uncoated and PU, Dulbecco’'s medium (Sigma-Aldrich, Poole, UK)
PA-coated Ti discs were placed separately in supplemented with 2.5% human AB serum
polystyrene 6-well plate and blocked with 1 ml/well (BioSera, Ringmer UK), antibiotics (10Qg/ml
of 5% skimmed milk (5% solution of fat-free milk  streptomycin, 100 U/ml penicillin) (Sigma-Aldrich),
powder in phosphate-buffered saline (PBS), pH 7.2) 2 mM L-glutamine (Sigma-Aldrich). PBMC were
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seeded at a cell density of 1 x°1fer well in

Pectin coating modulates macrophage response

2.3.3. RNA isolation, reverse transcription and

PU-/PA-coated and uncoated 6-well TCPS plates real-time polymerase chain reaction (PCR)

and on PU-/PA-coated and uncoated Ti discs placed

in 6-well TCPS plates. The cells were incubated for
2 h at 37°C with 5% C©Oto obtain adherent cells
(monocytes). After 2 hours, the medium containing

The RNA extraction was carried out using
TRI reagent (Sigma-Aldrich) and the RNeasy Mini
Kit (Qiagen, Hilden, Germany). The protocol was

non-adherent cells was removed and replaced with followed according to the manufacturer's speci-
fresh medium. The adherent monocytes were then fication. The concentration of RNA was determi-

incubated for 5 days at 37°C with 5% £(0 allow
differentiation into macrophages. The cell morpho-
logy was observed before and after stimulation
with LPSP. gingivalis by inverted microscopy
(Primovert, Zeiss, UK). Microscopic images were
registered with a Zeiss AxioCam ERc 5s video
camera.

2.3.2. E. coli LPS treatment and P. gingivalis
invasion assay

After 5 days of incubation, adherent human
monocyte-derived macrophages (HMDMs) cultured

ned by UV spectrometry at 260 nm (Eppendorf,
Hamburg, Germany). The RNA was reversed
transcribed to cDNA using one-step high-capacity
cDNA RT kit (Applied Biosystems, Warrington,
UK). Real-time PCR reactions were performed
using the Light Cycler 480 instrument (Roche
Diagnostics GmbH, Mannheim, Germany), utilizing
Roche SYBR Green reagents according to the
manufacturer’'s instructions. The primer sequences
(Sigma-Aldrich) for the specific target genes
including tumour necrosis factor-alphalNFA),
interleukin-1 beta IL1B), interleukin-8 (L8) and
interleukin-10 [L10) and for beta-2-microglobulin

on tested and control TCPS and Ti surfaces were (B2M) as the housekeeping gene are described in

treated withE. coli serotype 026:B6 LPS (Sigma-
Aldrich L5543; Sigma-Aldrich) at 100 ng/ml or
heat-inactivatedP. gingivalis bacteria Pg; ATCC
33277) at a multiplicity of infection (MOI) of 100
(10° bacteria/well) and incubated for 6 h at 37 °C
with 5% CQto RNA isolation.

In the present study. gingivalis strain ATCC
33277 (Manassas, Virginia, USA) was cultivated
under anaerobic conditions at 37°C as previously
described [14]After cultivation, the bacteria were
harvested by centrifugation, washed in sterile PBS
and heat-inactivated for 10 min at 100°C. The

Table 1. Real-Time PCR reactions were carried
out in 10 u volumes in a 96-well plate (Roche
Diagnostics GmbH) containing I of cDNA and

9 ul reaction mixture, according to the manufactu-
rer's instructions. PCR conditions consisted of an
initial denaturation step of 95°C for 5 min, follea

by 40 cycles of 95°C for 10 s, 60°C for 15 s, and
72°C for 20 s.

The comparative method was perfor-
med for analysis of relative gene expression deta,
previously described by Livak et al. [30]. Relative
expression levels were calculated for each sample

—2ACt

number of bacteria was determined by measuring after normalization against the housekeeping gene

the OD at 600 nm and appropriate dilutions were
made to obtain the desired MOI.

Table 1. Sequences of real-time PCR primers.

B2M. A pool of all the cDNA was used as calibrator
in our study.

Target gene Forward (5-3")

Reverse (5'-3)

B2M ACCCCCACTGAAAAAGATGA ATCTTCAAACCTCCATGATG
TNFA ATCCTGGGGGACCCAATGTA AAAAGAAGGCACAGAGGCCA
IL1B TTCGAGGCACAAGGCACAA AAGTCATCCTCATTGCCACTGT
IL8 CTCCTTGGCAAAACTGCACC CAGAGACAGCAGAGCACACA
IL10 TGCCTTCAGCAGAGTG GGGAAGAAATCGATGA
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2.4. Statistical analyses

Descriptive statistics were used and mean

Pectin coating modulates macrophage response

3. RESULTS

3.1. PU and PA nanocoatings of titanium surfaces

values were calculated. Data are shown as mean zvisualized with confocal microscopy

SEM and were analyzed using one-way ANOVA
and post hoc Bonferroni test (IBM SPSS Statistic
22; IBM Corporation, Armonk, NY, USA). As
significance level, a p-value of 5% was used
throughout the study.

The confocal images showed presence of PU
and PA nanocoatings on the coated titanium disc
surface compared to uncoated titanium disc surface
(Figure 1).

(a)

(b)

(c)

Figure 1. Representative confocal images of PU and PA naatompvisualized with immunofluorescence labeling(a)

titanium (Ti) surface without coating (C), on (b) Jurface coated with unmodified RG-I (PU), and (ah Ti surface

coated with dearabinanated RG-1 (PA).

3.2. PU and PA nanocoatings of polystyrene
surfaces decrease HMDM spreading

The morphology of HMDMs cultured on
TCPS before and after stimulation with LPS/
P. gingivalis is presented in Figure 2. The
morphology of the unstimulated HMDM grown on

In general, proinflammatoryNFA, IL1B and
IL8 gene expression in activated HMDMs was
highest on control TCPS surfaces and the lowest on
PA-coated TCPS surfaces (Figure 3). PA signifi-
cantly decreasedTNFA (p < 0.001) andlIL8
(p < 0.01) expression in botlE. coli LPS- and
P. gingivalis-stimulated HMDMs compared with

the uncoated TCPS and PU, PA-coated TCPS the TCPS control, while significant decrease of

surfaces looked quite similar, the cells were round
and aggregated. LPS as wellRiggingivalis caused
less cell spreading on surfaces coated with PU
and PA.

3.3. PU and PA nanocoatings of polystyrene
surfaces influence HMDM gene expression

We investigated the effect of RG-l (PU and
PA) nanocoatings on pro- and anti-inflammatory
gene expression in 5-day HMDMs cultured on
TCPS surfaces. The relative expression of proin-
flammatory cytokine genesINFA, IL1B, IL8) and
anti-inflammatory IL10 gene was examined in
HMDMs stimulated withE. coli LPSP. gingivalis
bacteria and in unstimulated HMDMs.

IL1B expressionp < 0.001) in the presence of the
PA nanocoating was observed only in HMDM
cultures stimulated withP. gingivalis bacteria. PU
significantly decrease@NFA (p < 0.01) expression
in HMDMs activated withE. coli LPS compared to
the non-coated TCPS surfaces. No statisticallyi-sign
ficant differences were found between expression
levels of proinflammatory genes in unstimulated
HMDMs cultured on PU-/PA-coated and control
surfaces.

As shown in Figure 3, neither nanocoating
with PU nor PA significantly influenced the
expression oflL10 in unstimulated ancE. coli
LPSP. gingivalis-stimulated HMDMs as compared
to the corresponding TCPS control.

European Journal of Biological Research 2018; 8 (2): 84-95
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U]

(a)

(b)

(c)

o v 190

(In

G

Figur 2. Representative images of HMDM morhlogy beforeafijl fter stimulation with LPS (II) arfél gingivalis

1007im

(1) on (a) tissue culture polystyrene (TCPS) agds without coating (C), on (b) TCPS surfacesembatith unmodified
RG-I (PU), and on (c) TCPS surfaces coated witlmatéaanated RG-1 (PA).

The level of TNFA, IL1B, IL8, and IL10
expression, in general obtained higher values in
HMDMs stimulated withE. coli LPS, rather than
P. gingivalis bacteria. The lowest level of proin-
flammatory and anti-inflammatory gene expression
was observed in unstimulated HMDM cultures.

3.4. PU and PA nanocoatings of titanium surfaces
influence HMDM gene expression

The effect of RG-I (PU and PA) nanocoatings
on Ti surfaces on pro- and anti-inflammatory gene
expression was investigated in 5-day HMDMs.
The relative expression levels of proinflammatory
(TNFA, IL1B, IL8) and anti-inflammatorylL10
genes were determined in unstimulated E. coli
LPSP. gingivalis-stimulated HMDMs.

Generally, the expression of proinflammatory
TNFA, IL1B and IL8 genes in activated HMDMs
was the highest on control Ti surfaces and the sbwe
on PA-coated Ti surfaces (Figure 4).

PA significantly reducedIL8 expression
in both E. cali LPS (p < 0.01)and P. gingivalis
(p < 0.05) activated HMDMs compared to Ti
control. The significant decrease ®NFA expres-
sion, in the presence of PA nanocoatings, was
observed only in HMDM cultures stimulated with
P. gingivalis bacteria (p < 0.01) and in unstimulated
HMDMs (p < 0.05) compared to the non-coated
Ti surfaces. No significant differences between
PU-coated and control Ti surfaces were observed
for proinflammatory gene expression in both
stimulated and unstimulated HMDMs.

European Journal of Biological Research 2018; 8 (2): 84-95
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ANOVA p < 0.001
UNSTIMULATED HMDMs E. coli LPS-STIMULATED HMDMs P. gingivalis-STIMULATED HMDMs
s s s
% 2.000 % 2.000 2 2.000
TNFA § g g
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2 2.000 2 2000 2 2000
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5 5 ] 5
3 0.000 2 0000 : : . $ 0000
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Figure 3. Relative expression ofNFA, IL1B, IL8 and IL10 in unstimulated and. coli LPSP. gingivalis-stimulated
human monocyte-derived macrophages (HMDMs) cultaredissue culture polystyrene (TCPS) surfacesawititoating
(C), on TCPS surfaces coated with unmodified RBWY, and on TCPS surfaces coated with dearabinhm@| (PA).
Data are given as means +/- SEM (n = 9) and weattisstally analyzed using one-way ANOVA with Borfeni’s for
multiple comparisons. (* p < 0.05; ** p < 0.01; *f¥ < 0.001). RG-I: rhamnogalacturonan-I.

The expression ofiL10 in E. coli LPS/

P. gingivalis-stimulated HMDMs was not signi-
ficantly affected by different Ti surfaces analyzed
whereas in unstimulated HMDMs, PA nanocoatings
significantly decreaseld.10 expression.

As shown in Figure 4, the relative expression
level of TNFA, IL1B, IL8 and IL10, in general
resulted in higher values in HMDMs stimulated with
E. coli LPS rather tha®. gingivalis bacteria.

4. DISCUSSION

Pectins from a variety of plants have been

shown to possess immunomodulatory activity,
acting on immune cells such as macrophages [8, 29,
31, 32]. Macrophages play a key role in mediating
the host inflammatory in response to initial
biomaterial implantation and in peri-implant
infections [8, 33]. Thus, we examined the potential
biomedical use of potato unmodified RG-I (PU) and
potato modified RG-1 (PA) as a nanocoating for Ti
implant surfaces. Fan vitro examination of organic
nanocoatings, tissue culture polystyrene (TCPS)
plates and Ti discs are frequently used for testing
beforein vivo studies [9]. Therefore, in the present
study, adherent human monocyte-derived macro-
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phages were cultured on coated/non-coated TCPSbeen reported tha. gingivalis andE. coli induce
and Ti surfaces and activated in two different ways the host proinflammatory response through different
(i) with E. coli LPS, a bacterial endotoxin which is a Toll-like receptor (TLR)-independent mechanisms.
powerful macrophage activator [20], and (i) by While the LPS ofE. coli is a strong activator of
P. gingivalis invasion. BothE. coli andP. gingivalis TLR4 responsesR. gingivalis LPS is predominately
bacteria have been frequently isolated from infldme a TLR2 activator [34].

peri-implant tissues [2, 21, 24-26]. Moreover, dsh

ANOVA p <0.001
UNSTIMULATED HMDMs E. coli LPS-STIMULATED HMDMs P. gingivalis-STIMULATED HMDMs
5 4.000 § 4.000 5 4.000
2 °
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Q o o
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° 2
£ 3.000 ¢ 3.000 8 3.000
o o Qo
IL1B § 2000 § 2000 8 2000
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£ 3.000 £ 3.000 ¢ 3.000
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Figure 4. Relative expression ofNFA, IL1B, IL8 andIL10 in unstimulated and. coli LPSP. gingivalis-stimulated

human monocyte-derived macrophages (HMDMs) cultuneditanium (Ti) surfaces without coating (C), dnsurfaces

coated with unmodified RG-I (PU), and on Ti suria@®ated with dearabinanated RG-I (PA). Data arergas means
+/- SEM (n = 9) and were statistically analyzedngsone-way ANOVA with Bonferroni’'s for multiple cqmarisons.

(* p <0.05; * p <0.01; ** p < 0.001). RG-I: rhranogalacturonan-I.

The results of morphology detection showed it has been demonstrated that the spreading of
that PU and PA nanocoatings prevent HMDM macrophages on different surfaces is a marker of
spreading after LPS &. coli as well ad. gingivalis activation [8].
stimulation. This findings is of great importance a We assessed the ability of PU and PA
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nanocoatings to inhibit proinflammatory and
stimulate anti-inflammatory response of activated
HMDMs. To investigate inflammatory responses
of HMDMs after E. coli LPSP. gingivalis stimu-

Pectin coating modulates macrophage response

induce proinflammatory responses in macrophages.
Stimulatory effects of polysaccharide frdsolanum
nigrum on proinflammatory RAW 264.7 murine
macrophage response have been reported [32]. The

lation, gene expression levels were measured for polysaccharide fraction isolated frol®& nigrum

pro- and anti-inflammatory cytokines. TCPS and Ti
without PU and PA nanocoatings were used as
control surfaces (positive controls). In parallel,
non-activated HMDMs were cultured on tested
and control TCPS/Ti surfaces (negative controls) to
exclude the possibility that PU and PA molecules
activate the inflammatory response of HMDMs.
Taken as a whole, our results clearly
demonstrate that HMDMs are activated Bycoli
LPS andP. gingivalis bacteria on TCPS/Ti surfaces
with and without pectin nanocoatings. In general,

promoted the secretion of TNFand IL-6 in RAW
264.7 cells. Such different results indicate tHahp
derived polysaccharides regulate macrophage
activation by various biochemical mechanisms,
possibly caused by differences in RG-I structuie [8
To evaluate the anti-inflammatory effects of
PU and PA nanocoatings, the expression of the
anti-inflammatory cytokine gendL10 was also
examined in HMDMs stimulated withE. coli
LPSP. gingivalis bacteria. IL-10 is an important
immunoregulatory cytokine that inhibits the

nanocoatings with PU and PA decreased expressionexpression and production of proinflammatory

of genes coding for proinflammatory cytokines in
E. coli LPSP. gingivalis-stimulated HMDMs on
TCPS/Ti surfaces, compared with uncoated controls.
In response to bacterial products such as
LPS and other inflammatory stimuli, macrophages
release large quantities of proinflammatory cyto-
kines, such as TNE; IL-1B3, IL-6, IL-8 and IL-12
[35]. Increased level of these proinflammatory
cytokines activates osteoclasts,
cells and leads to destruction of periodontal and
peri-implant bone tissue [36, 37]. Therefore, the
expression of proinflammatory geneBNFA, IL1B
andIL8 in activated HMDMs was assessed on both
PU and PA coatings. The expression of examined
genes was downregulated  coli LPSP. gingi-
valis activated HMDMs cultured on PU- and PA-

coated TCPS and Ti. As our data showed, PU and
the expression of results obtained from proinflammatory cytokine

PA nanocoatings decrease
proinflammatory cytokines, it is possible that
nanocoating with RG-I could inhibit macrophage

cytokines, such as TNé&- IL-1B3, IL-6, IL-8 and
IL-12 [35]. Generally, the expression ¢®£10 in
activated HMDMs was not affected by different
surfaces analyzed. There were no significant
differences inIL10 expression between PU/PA-
coated and control surfaces. Based onlbli® gene
expression results, PU and PA appear to have no
effect on the anti-inflammatory cytokine responses

bone-resorbing of activated HMDMs. The results may be due

to different activation of molecular pathways.
However, moren vitro studies need to be done to
completely exclude anti-inflammatory activities
associated with RG-I. A variety of cytokines with
anti-inflammatory properties as well as several
different signal transduction pathways are involved
in suppression of inflammatory reaction [35].

In accordance with our previous studies, the

gene expression in activated HMDMs clearly
indicate that PU and PA lead to different biologica

activation, osteoclast recruitment and prevent bone effectsin vitro. PA, when compared to PU, seems

destruction during bacterial infection. Recently,
enzymatically modified RG-I from apple (MH&)-

has been shown to decrease secretion of pro-

inflammatory TNFe, IL-6 cytokines and nitrites in

to have a strong ability to reduce cellular
proinflammatory responses. The sugar composition
of PU and PA differs mainly in arabinose and
galactose content. In this study, we also visudlize

J774.2 murine macrophages activated by bacterial PU and PA nanocoatings on Ti discs by immuno-

LPS [8, 29]. The results of another study also
demonstrate that Guar gum, a plant-derived
polysaccharide, strongly inhibits nitric oxide
generation and cytokine TNk-secretion in LPS

activated RAW 264.7 murine macrophages [31].
In contrast, some pectins have the capability to

fluorescence staining using the primary LM5
antibody, which specifically binds to galactan side
chains. The results from confocal microscope detec-
tion showed higher amount of galactose on Ti
surfaces coated with PA compared to PU. Galactose
in known to be a specific high-affinity ligand for

European Journal of Biological Research 2018; 8 (2): 84-95
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galectin-3, a powerful proinflammatory mediator
[38, 39]. Therefore, it can be speculated that the
higher amount of galactose, a galectin-3 ligand,
in PA’s structure leads to more effective blocking
of galectin-3 binding sites and attenuation of
proinflammatory responses in activated HMDMs
when compared to PU with lower amount of
galactose residues. However, the biochemical
mechanism underpinning inhibition of cellular
proinflammatory response by PA nanocoatings
requires further investigation.

Based on our examination of proinflammatory
cytokine gene expression in non-activated HMDMs

Pectin coating modulates macrophage response

derived RG-I biomaterials able to suppress immune
responses and promote regenerative processes.
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needed to engineer novel immunomodulatory plant-

The work was supported by Marie Sklodowska-
Curie grant (grant number FP-7 # 290246).

TRANSPARENCY DECLARATION

The authors declare that there is no conflict of
interest.

ACKNOWLEDGMENTS

The authors thank RAPID (Rheumatoid Arthritis
and Periodontal Inflammatory Disease) research
group for valuable assistance and Bodil Jgrgensen
and Peter Ulvskov from University of Copenhagen
for providing RG-lIs.

REFERENCES

1. Danza M, Zollino I, Candotto V, Cura F, Carinci F.
Titanium alloys (AoN) and their involvement in
osseointegration. Dent Res J. 2012; 9(Suppl 2):
S207.

Gaviria L, Salcido JP, Guda T, Ong JL. Current
trends in dental implants. J Korean Assoc Oral
Maxillofac Surg. 2014; 40(2): 50-60.

3. Oshida Y, Tuna EB, Aktéren O, Gencay K. Dental
implant systems. Int J Mol Sci. 2010; 11(4): 1580-
1678.

4. Albouy JP, Abrahamsson |, Berglundh T.

Spontaneous progression of experimental peri-

implantitis at implants with different surface

European Journal of Biological Research 2018; 8 (2): 84-95



94 | Mieszkowska et al.

10.

11.

12.

13.

14.

15.

characteristics: an experimental study in dogdird C
Periodontol. 2012; 39(2): 182-187.

Albrektsson T, Wennerberg A. Oral
surfaces: Part 1 - review focusing on topographic
and chemical properties of different surfaces and i

vivo responses to them. Int J Prosthod. 2004, 17(5) 17.

536-543.

Albrektsson T, Wennerberg A. Oral implant
surfaces: Part 2 - review focusing on clinical 1g
knowledge of different surfaces. Int J Prosthod.
2004; 17(5): 544-564.

Gurzawska K, Svava R, Yihua Y, Haugshgj KB,
Dirscherl K, Levery SB, et al. Osteoblastic resgons

to pectin nanocoating on titanium surfaces. Mater 1g

Sci Eng C. 2014; 43: 117-125.

Bussy C, Verhoef R, Haeger A, Morra M, Duval JL,
Vigneron P, et al. Modulating in vitro bone celldan
macrophage behavior by immobilized enzymatically
tailored pectins. J Biomed Mater Res A. 2008;
86(3): 597-606.

Gurzawska K, Svava R, Jgrgensen NR, Gotfredsen
K. Nanocoating of titanium implant surfaces with
organic molecules. Polysaccharides
glycosaminoglycans. J Biomed Nanotechnol. 2012;
8(6): 1012-1024.

Gurzawska K, Svava R, Syberg S, Yihua Y,
Haugshgj KB, Damager |, et al. Effect of
nanocoating with rhamnogalacturonan-l on surface
properties and osteoblasts response. J Biomed Mater
Res A. 2012; 100(3): 654-664.

Kokkonen H, Cassinelli C, Verhoef R, Morra M,
Schols H, Tuukkanen J. Differentiation of
osteoblasts on pectin-coated titanium.
Biomacromolecules. 2008; 9(9): 2369-2376.

Kokkonen HE, llvesaro JM, Morra M, Schols HA,
Tuukkanen J. Effect of modified pectin molecules
on the growth of bone cells. Biomacromolecules.
2007; 8(2): 509-515.

Folkert J, Meresta A, Gaber T, Miksch K, Buttgereit
F, Detert J, et al. Nanocoating with plant-derived
pectins activates osteoblast response in vitroJInt
Nanomed. 2017; 12: 239.

Meresta A, Folkert J, Gaber T, Miksch K, Buttgereit
F, Detert J, et al. Plant-derived pectin nanocgatin
to prevent inflammatory cellular response of
osteoblasts following Porphyromonas gingivalis
infection. Int J Nanomed. 2017; 12: 433.

Nagel M-D, Verhoef R, Schols H, Morra M, Knox
JP, Ceccone G, et al. Enzymatically-tailored pesctin
differentially influence the morphology, adhesion,
cell cycle progression and survival of fibroblasts.

implant  16.

. Sotoodehnejadnematalahi F,

20.

including o1

22.

23.

24,

25.

26.

27.

Pectin coating modulates macrophage response

Biochim Biophys Acta (BBA) General Subjects.
2008; 1780(7-8): 995-1003.

Boonsiriseth K, Suriyan N, Min K, Wongsirichat N.
Bone and soft tissue healing in dental implantology
J Med Med Sci. 2014; 5(5): 121-126.

Pivodova V, Frankova J, Ulrichova J. Osteoblast
and gingival fibroblast markers in dental implant
studies. Biomed Pap. 2011; 155(2): 109-116.

Staples KJ,
Chrysanthou E, Pearson H, Ziegler-Heitbrock L,

Burke B. Mechanisms of hypoxic up-regulation of

versican gene expression in macrophages. PL0S
One. 2015; 10(6): e0125799.

Stanford CM. Surface modification of biomedical

and dental implants and the processes of
inflammation, wound healing and bone formation.

Int J Mol Sci. 2010; 11(1): 354-69.

Vadiveloo P, Keramidaris E, Morrison W, Stewart
A. Lipopolysaccharide-induced cell cycle arrest in
macrophages occurs independently of nitric oxide
synthase Il induction. Biochim Biophys Acta (BBA)

Mol Cell Res. 2001; 1539(1-2): 140-146.

Tesmer M, Wallet S, Koutouzis T, Lundgren T.
Bacterial colonization of the dental implant fixdr
abutment interface: an in vitro study. J Periodbnto
2009; 80(12): 1991-1997.

Holt SC, Kesavalu L, Walker S, Genco CA.
Virulece factors of Porphyromonas gingivalis.
Periodontol 2000. 1999; 20(1): 168-238.

Bostanci N, Belibasakis GN. Porphyromonas
gingivalis: an invasive and evasive opportunistic
oral pathogen. FEMS Microbiol Lett. 2012; 333(1):
1-9.

Leonhardt A, Renvert S, Dahlén G. Microbial
findings at failing implants. Clin Oral Implants Ke
1999; 10(5): 339-345.

Moriaty TF, Zaat SA, Busscher HJ, eds.
Biomaterials associated infection: immunological
aspects and antimicrobial strategies. New York,
Springer Science & Business Media, 2012.

Ardila MCM, Villa-Correa YA. Gram-negative
enteric rods associated to early implant failurd an
peri-implantitis: case report and systematic lit@ra
review. Int J Odontostomat. 2015; 9(2): 329-336.

Russo TA, Johnson JR. Medical and economic
impact of extraintestinal infections due to
Escherichia coli: focus on an increasingly important
endemic problem. Microbes Infect. 2003; 5(5): 449-
456.

28. Shen WC, Wang X, Qin WT, Qiu XF, Sun BW.

Exogenous carbon monoxide suppreskssheri-

European Journal of Biological Research 2018; 8 (2): 84-95



95 | Mieszkowska et al.

29.

30.

31.

32.

33.

chia coli vitality and improves survival in an
Escherichia coli-induced murine sepsis model. Acta
Pharmacol Sin. 2014; 35(12): 1566-1576.

Gallet M, Vayssade M, Morra M, Verhoef R,
Perrone S, Cascardo G, et al. Inhibition of LPS-
induced proinflammatory responses of J774. 2
macrophages by immobilized enzymatically tailored
pectins. Acta biomater. 2009;5(7):2618-22.

Livak KJ, Schmittgen TD. Analysis of relative gene

expression data using real-time quantitative PCR
and the 2AACT method. Methods. 2001; 25(4):

402-408.

Gamal-Eldeen AM, Amer H, Helmy WA. Cancer
chemopreventive and anti-inflammatory activities of
chemically modified guar gum. Chem Biol Interact.
2006; 161(3): 229-240.

Razali FN, Ismail A, Abidin NZ, Shuib AS.
Stimulatory effects of polysaccharide fraction from
Solanum  nigrum  on RAW  264.7 murine
macrophage cells. PLoS One. 2014; 9(10): e108988.

Boersema GS, Grotenhuis N, Bayon Y, Lange JF,
Bastiaansen-Jenniskens YM. The effect of
biomaterials used for tissue regeneration purposes
on polarization of macrophages. Biores Open
Access. 2016; 5(1): 6-14.

34.

35.

36.

37.

38.

39.

Pectin coating modulates macrophage response

Martin M, Katz J, Vogel SN, Michalek SM.
Differential induction of endotoxin tolerance by
lipopolysaccharides derived frorRorphyromonas
gingivalis and Escherichia coli. J Immunol. 2001;
167(9): 5278-5285.

Arango Duque G, Descoteaux A. Macrophage
cytokines: involvement in immunity and infectious
diseases. Front Immunol. 2014; 5: 491.

Dursun E, T6zim TF. Peri-implant crevicular fluid
analysis, enzymes and biomarkers: a systemetic
review. J Oral Maxillofac Surg. 2016; 7(3): €9.

Noh MK, Jung M, Kim SH, Lee SR, Park KH, Kim
DH, et al. Assessment of IL-6, IL-8 and TNF-
levels in the gingival tissue of patients with
periodontitis. Exp Ther Med. 2013; 6(3): 847-851.

Gunning AP, Bongaerts RJ, Morris VJ. Recognition
of galactan components of pectin by galectin-3.
FASEB J. 2009; 23(2): 415-424.

Hsu DK, Yang R-Y, Pan Z, Yu L, Salomon DR,
Fung-Leung W-P, et al. Targeted disruption of the
galectin-3 gene results in attenuated peritoneal
inflammatory responses. Am J Pathol. 2000; 156(3):
1073-1083.

European Journal of Biological Research 2018; 8 (2): 84-95



