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Preface

Ever since the genesis of osseointegration, in 1969, titanium implants faecome one of the
most rapidly and expandingly emerging concepts intemedical field. Had it not been for this
scientific breakthrough, a sgnificat portion of the human population would suffer from a
severely compromised quality of living. It is, nowadays, estimated that approximately five
miin dental implants are annually placed in the United States of America solely. Lis, therefore,
more than evident how Implantology has literally taken agdental clinical practice, as well

as the business industry, forming a w competitive market.

This wide use of dental implants, on the past decades, has brought wmany challenges, as
far as the esthetic, functional and biologically disrehabilitation of a patient are concerned.
The latter, which also refers to long-term maintenance of any therapeutic outcome in a
stable, hetycondition, has generated what is, perhaps, the most challenging concept identistry
today. Similarly to the periodontal diseases, which have been known and well-studied for over
a century, peri-implant conditions may severely affect the stability of an implant
restoration and health of the peri-implant mucosa and underlying bone. What differs,
however, is their rapid progression, as well as the unpredictable outcome of the

establishedtherapeuticinterventions. Several questions naturally arise:

Why are we not able to treat periimplantitis as effectively as periodontitis?




Why does peri-implant mucositis, the equivalent of gingivitis, have aconsiderable

recurrence rate?

It is believed that peri-implant diseases are primarily caused by the very smebacterial populations
that are responsible for periodontitis. All means  dtherapy are, therefore, focused on
effectively removing pathogenic biofilms, either mechanically or chemically. Implants are,
of course, not teeth in any case and, the processing of their surface in different ways,
disrupts the oxide layer, where successful osseointegration is attributed at. A more suitable
scientific question may, therefore, be, how this disruption and release of tiny titanium

particles affects peri-implant tissues and, is partially what this thesis is about.

This idea, that was briefly presented above, has a tremendous background dknowledge and
experience of many people who, since the early steps dimplantology, have wondered
and investigated what the possible complications following an implant placement could

be.

Some of those people, | feel very privileged and fortunate to have met and, &his point, | would

like to express my gratitude to those who have made completion of this thesis possible:

Firstly, to Dr. Kyriaki Kyriakidou, PhD of the Ancona University of Italy, fbeing by my side
onevery step of this procedure, from the initial design of teexperiment to the very last statistical
analysis, for dedicating countless houson guiding me, teaching me, offering me invaluable
informationon  dcultures and lab assays, sharing experience and, above all, for

her consolation and reassurance through all the difficulties. | feel deeply grateful




and fortunate to call myself her student, among many who have seen t#work be rendered

possible because of her knowledge, experience atonstant work.

To my supervisor, Dr. Anastasio Philippou, Associate Professor of Physiology at the Medical
School of the University of Athens, whom I have first met curgmy undergraduate years and who
truly stood out on his lectures, who tugt me how to think on basic research and how to
interpret results, who fa cordially welcomed me in his laboratory and gave me the
opportunity  bcomplete my very first research attempt. | revere and deeply thank him for his
patronage and moral support throughout the whole process, which has not always been

easy.

To Professor and Lab Director of Physiology at the Medical School of & University of
Athens, Michail Koutsilieri, | would like to express my n@ sincere thank you, for accepting
me as a student in the ReadeeProgramme of Molecular and Applied Physiology, which has
vastly expanded my horizons with cutting-edge and diverse knowledge and has been the pee
where | have met wonderful, hardworking people and teachers  viexceptional ideas

and, is what laid the foundation for any future scientific attempts of mine.

Itis, atthis point, where I would like to express a few words of gratitude to aery special teacher.
Totheteacherthataltered my view on dentistry back amy fourth year of undergraduate studies,
whom | have always admired and aspired to be like. To Dr. loannis Karoussis,
Associate Professor of Periodontology at the Dental School of the University of Athens, I

wish to




express my most sincere gratitude for being the strongest role model for ngthe greatest teacher,
the truest supporter, the person who taught me whetimeans to be a great clinician and restless
mind, how to push oneself constantly towards excellence. I deeply thank him for posing this
decisive role in my academic course, for always guiding me and for making this thesis

possible in every way imaginable.

To my second mother, Stavroula Kousteni, Professor of Physiology #Columbia
University, the one who has introduced me to research, has always inspired, always guided
me at my very crucial decisions and helped my overcome my fears, | would like to deeply
thank her for opening a sea of opportunity and inspiration for me and for showing me the

true meaning of research, education and care.

Lastly, to my parents, Manoli and Rigopoula, 1 would like to express my dglove and my
gratitude, since anything | have ever done, | owe to them. Trarrestless support, their most
sincere concern, the principles, and morals ghave bestowed upon me and their mere presence
in my life have had tmost catalytic effect on every step of the way. For this, and many

mael thank them truly.




‘We cannot run before we learn how to walk.’

Nature Journal on proteomics, 2004

Introduction

Osseointegration of titanium implants

As Branemark described in 1983, the term ‘Osseointegration’ is defined as ‘the direct
structural and functional contact between living bone and the surface of a loaded
implant’. Earlier, Schroeder had described the seprocess, characterizing it as ‘functional
ankylosis’.? After the bed preparation, that will receive the implant, and reflection of the
mucoperiosteal flap, traumathatis caused initiates the healing mechanisms, so that new csseous
tissue can be formed. These mechanisms now seem to be led by the patients immune system,
through the complement cascade, while macrophages &play a significant role.® Therefore,
the appropriate ‘stimulus’ is the st fundamental element for the onset of the whole

process.

Three main cell lines are implicated in the osseointegration process, tf&being osteoblasts,
cells that compose bone at a rate of 0,17 nmithyosteoclasts, cells that decompose bone
at a rate of 100um/day and fredyosteocytes.* The latter constitute the main stress sensors
of the asstissue and dispose the dynamic to differentiate into osteoblasts or adversely, into
fibroblasts. As a result, cells are the second fundamental factor @ successful

osseointegration.

The provision of all necessary nutrients for the optimal function of all activities of the

cell is the third and final, crucial element for osseointegration.




As far as the cortical bone is concerned, the speed rate of necangiogenesis penetration is 0.05
mm/day, whereas for the trabecular (cancellous) bone, tesame speed rate is 0.5 mm/day.>® In
cases of excess trauma or insuffident blood supply to a certain area, connective tissue intervenes
between the Mg bone and the surface of the implant. Consequently, the osseointegration

process fails.

Such events are classified as early failures of osseointegration, which dailures that occur
prior to the functional loading of an implant. However, Eefailures are those that occur after the
functional loading and compromise, eeven destroy the aesthetic, biological and functional

stability of implant restorations.

These late biological failures are peri-implant diseases, that being gimplant mucositis and

periimplantitis.

Peri-implant pathology and its treatment

Lately, the increasing number of titanium implants placed mainly in wefn societies is

accompanied by a profoundly great incidence of per-implantpathology.

In 2017, the American Academy of Periodontology, along with the Eiropean Federation of
Periodontology have classified peri-implant diseases in t distinct entities: peri-implant
mucositis and periimplantitis.” The main snof  peri-implant  mucositis is  bleeding on
gentle probing, while ranflammation signs may be present, such as erythema, edema,

even




suppuration on probing or by gentle pressure on the soft tissues suoundingthe implant2 The
consensus clearly states that ‘there is strong evdnce
from animal and human experimental studies that microbial plaque &he etiological factor

for peri-implantmucositis'.

Periimplantitis, however, is defined as a ‘plaque-associated condition involving tissues around
dental implants, with inflammation in the peri-implant mucosaand subsequent progressive loss
of supporting bone’.” In other words, wwall clinical signs of inflammation are present,
but bone loss can alsolappropriately justified, the diagnosis of periimplantitis is set and the
microbial accumulation of periodontal pathogens is accused of it. Nevertheless, teeare many
more contributing, iatrogenic factors, such as residual amat prostheses that do not favor
cleansability, occlusion and the presence dforeign bodies.The prevalence of peri-implant
mucositis reaches the 80% dthe implant-bearing population, while the prevalence of
periimplantitis reaches 28-56% of that population, depending on the diagnostic criteria
applied®These diseases are attributed to the microbial factor, that is common fiperiodontal
diseases as well. What is different though, is that the dese progress is more rapid, the
treatment very complex and, most alarmingly, wihless predictable treatment outcomes.
Back in 2004, the Qumke Interceptive Supportive Therapy has been suggested as a
detailed guicdine for the treatment of peri-implant pathology by Niklaus Lang and Adea

Mombelli (Table 1).




Plaque index < 1 Mechanical debridement A
and BOP - (neg.) - Polishing and scaling
PPD <3 mm /
F N Plaque index > 1 "+ +
and BOP + (pos.)
Antiseptic cleansing
PPD 4-5 mm »| 0.1% CHX gel 2 x daily B
s 4 for 3-4 weeks
BOP + (pos.)
no cratering -+ -
take an X-ray -
BOP + (pos) Systemic or local c
+ (pos., antibiotic therapy
3 —
RED22 notable cratering £ 2 mm
BOP + (pos.) A Resective or
A bone loss > 2 mm —®|  regenerative surgery D

Table 1. CIST protocol. Lang and Mombelli, 2004

This protocol implies that the treatment of periimplantitis will end up h asurgical
intervention. It is also clear that the initial step to treat any kind of peri-implant pathology

is the ‘mechanical debridement’.

The past years, many different instruments were available in the market adthought to be
appropriate for application on an implant surface, so longsthey were not metallic, which
are damaging to the titanium surface. As a result, Ultrasonic devices with Teflon-coated
or plastic tips have been developed, as well as titanium or carbon-fiber scalers, all with a
common cause: to remove microbial deposits without damaging the implant surface.

Therefore, two factors are to be examined here: effectiveness and safety.

As far as effectiveness is concerned, current research suggests that caton-fiber tips, as well as
the Vector ultrasonic system, result in only v improvements on bleeding on probing,

which is indicative of inflammation
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presence, and no changes in pocket depth, 6 months after nonsurgical therapy.® Similar results
were obtained from the comparison of &iimcurettes with ultrasonic devices, that being no
improvement on the pdig depths.’® These results favor the view that to effectively treat
periimplantitis, the clinician must be led to surgery, unless they use alternative means of rmsurgical
therapy. However, those instruments were not solely used during teinitial phase of peri-implant
therapy, where active disease is present, but aoduring the maintenance care phase, which is
applied as a means of pimayor, in treated cases, secondary prevention, where peri-implant

health Ebeen established and is to be preserved.

Now comes the safety factor. There is evidence that all those isrumensseverely affect the
implant surface in different ways. Scanning ddm microscopy images at a x1000
magnification reveal almost amdgdydamaged sand-blasted and acid-etched (SLA) titanium
surfaces that weepreviously treated with titanium brushes. Moreover, application of ultrasonic tips
made of polyether ether ketone (PEEK) may cause only slight alterations to the titanium surfaces,
however, detached pieces of material can be futbn the surfaces. The damage is even greater
when ultrasonic tips in  synthetic materials (NSK) are used, with large pieces of
the nasintegrated with the SLA surface.!! Other studies have showed that te@remnants are

also very difficult to remove.?

Titanium instruments are also implicated in the surgical therapy  dperiimplantitis,
where non-regenerative implantoplasty is often performed, for exposed implant threads to be
eliminated, the surface to be smoothened and all microbial deposits removed. This technique,

according to another 2017




Consensus report, leads to a significant decrease in bleeding on probing atpocket depths and
could result in improvement of clinical and radiographic parameters.* However, a recent
prospective study has revealed an extremely high percentage of disease recurrence following
implant surgery, that reaches 44% of the implants included.!* What is very interesting is that
Berglundh et dhave found that implants with non-modified surfaces are less likely to presert with
residual deep pocket depths, bleeding on probing and bone loss dtreatment, compared to
modified surface implants.® Once again, that frdngwas attributed to the microbial accumulation
and difficulty to remove deposits from modified surfaces. However, it should also be considered
that the use &he ‘implantoplasty’ technique implies that a large quantity of titanium micro-

or nanoparticles will be released on the adjacent soft and hard peri-implant tissues.

Slowly, a growing number of studies on the effect of those particles tadjacent and

distant tissues emerges and their implication in perHimplantinflammation is under research.




Titanium corrosion

The term ‘titanium corrosion’ probably seems contradictory since titanium is abioinert metal.
In reality, that particularly high resistance to corrosion gattributed to the surface oxide
layer that is formed during the contactdtitanium with oxygen or water.'® This layer
consists of monoxide, dioxide or trioxide of titanium (TiO, TiOy, TiOs) in a crystalline
form, whose thickness reaches up to approximately 50-100 nm.*” Some important alloys
have been developed to enhance corrosion resistance: grade 7 (Ti grade 2 + 0.12%— 0.25%
Pd), grade 12 (Ti grade 2 + 0.2%-0.4% Mo, 0.6%-0.9% Ni) and grade 16 (Ti grade 2 +
0.04%-0.08% Pd). Yet, the most commonly used alloy is titanium grade 5, also known as
Ti6Al4V, Ti-6Al-4V or Ti 6-4, containing 6% aluminum, 4% vanadium, 0.25% (max) iron
and 0.2% (max) oxygen.'® Alterations on this oxide layer may occur during the
decontamination of the implant surface, during its placement, as well as during its functional

loading.

Corrosive events related to dental implants

As far as the osteotomy part is concerned, titanium burs play a significant ikin particle release.
Specifically, Rashad et al proceeded to prepare intwells with piezosurgery (group 1) and with
rotating instruments (group 2), whcommon results for both groups: in the irrigation fluid, that
they cdleod residual titanium, zirconium, vanadium, iron and other metal particles vefound.
The authors recommended abundant irrigation during the vipreparation for the removal
of those particles.® However, Schwarz et al, who had also detected titanium micro- and

nanoparticles in the subepithelial




connective tissue, after implantoplasty performance, reported their inability tremove them with
irrigation, which was also histologically confimed® Additionally, Carvalho et al noticed that
preparation burs used more than Dtimes, presented with 17,86% deformation, while burs
used more than Btimes, presented with 33,97% deformation.?* Moreover, the means d
decontamination, as well as the sterilization cycles, that instruments undergo, contribute to
their additional corrosion, since after just 20 sterilization cydes they presented with pitting

corrosion.?? Finally, zirconia burs have srelrdeformation rates in comparison to the rest.

Moreover, during its placement, the implant itself may be altered. During Emplant screwing, the
main aim is to acquire primary stability, which is soely mechanic, since there is zero degree of
osseointegration at that initial ot The whole process creates stress areas within the implant,
which resultsithe release of titanium particles of various sizes.? This event also depends on the

quality of the surrounding bone, as well as the roughness of the implant itself.

As far as the superimposing implant restoration is concerned, the nphtabutment plays a
significant role in corrosive events. The past yespecially when it comes to the anterior
esthetic zone, many clinicians preferto use zirconia implant abutments, in order to improve the
‘pink eshelics score and avoid the grey shade that reflects through the peri-implant mucosa
However, that is not biologically favorable, since Klotz et al showed izirconia abutments
lead to a significantly greater mechanical abrasion of the implant, which is attributed to the
four times greater roughness of zirconia, in comparison to 4" grade titanium.> On the other

hand, if the abutment is made




of titanium of lower roughness than that of the implant, the first will udgocorrosion and, the
result will, once more, be the same: the release of particles that either remain at the adjacent
tissues or migrate to distant ®epotentially causing adverse immune reactions.? At the area
of the implant -abutment connection, a phenomenon known as ‘crevice corrosion’
may occur. Specifically, in areas with restricted oxygen supply and acidic pH, diokeanions
form titanium chlorides, which create an even more &environment. Such environments
are abundant in hydrogen cations and thus, potential difference occurs, that leads to crevice
corrosion. Finally, external connections of implants lead to the formation of bigger
microgaps, therefore more micromovements of the system and mechanical abrasion and
microbial penetration, that could potentially be the cause of a late failure of the
implant.2’28 In many cases, however, different kinds of corrosion coexist, rather than one

distinct type solely.

Types of titanium corrosion

There are two basic types of titanium corrosion: uniform and localized Localized corrosion
can be distinguished into crevice corrosion, piing corrosion, hydrogen embrittlement,
stress-corrosion cracking, fretting corrosion and erosion.?® According to the Pourbaix
diagram of titanium nwater, titanium is in passive conditions over a wide range of
potentials @an be affected by strongly oxidizing conditions, where oxide is dissolved, aunder
strongly reducing conditions, where hydrides are formed. Uimcorrosion occurs in

reducing environments, especially in acidic conditionsa




high temperatures. Pitting corrosion can appear in severe working conditions, while the
susceptibility to it is dependent on temperature and halide @concentration, the severity of
which follows the order F-< CI-< I-< Br.3° As iwas described before, titanium may undergo
crevice corrosion in hot chloride solutions. At temperatures higher than 70 degrees Celsius,
crevice corrosion happens in many different solutions, including fluoride- and dirk
containing ones, only with crevice gaps that are narrower than 50 um. Anodicdissolution of the
tip of the crack begins at pits or crevices. In the presence @corrosive environmentand under the
influence of a tensile force applied, the crack ‘propagates’ to the metal, causing
mechanical failure. Hydrogen- assisted cracking, on the contrary, is based on the
absorption of hydrogen atoms, that being the first step of the cathodic reaction of hydrogen,
near the crack tip. The hydrogen permeates inside the titanium and promotes the

embrittlement ahead of the cracktip.

In many studies, the term ‘tribocorrosion’ is used to describe the combination of
debriding and corrosive events, which is a phenomenon influenced ly mechanical and
environmental factors.®® Revanthi et al suggest that, trough a certain load between two
surfaces, with some sort of lubricant m@smicromovement, particle release, re passivation

and finally, dilution of #metal will occur, in one of the following types of corrosion:3?

1. Microbial
2. Galvanic
3. Crevice
4. Fretting
5. Uniform




However, Prando et al report that Microbial-induced corrosion does not affecttitanium.
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Fig. 1 Corrosion of titanium as a function of pH and fluoride ion concentration (F): Circles refer to

anodic polarization tests; squares refer to immersion &ss,ppm = parts per million. Prando et

al, 2017.

Corrosive events on other parts of the organism - Aseptic loosening

A great field to study titanium corrosion in the human body is orthopedics atotal joint
replacement. A major complication of total joint replacement faseptic loosening, which is
the main cause of arthroplasty failures in humans.®The onset of this complication can be
put approximately five years after the implant placement. What makes it particularly
interesting, compared to the oral cavity and dental implants, is the lack of the microbial

factor, therefore inflammation in the periprosthetic tissues is attributed to mechanical
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wear solely. The release of particles results in the stimulation of the immure system and
subsequent proinflammatory cytokine production and secretion, such as interleukin-6 (IL-6),
interleukin-1B (II-1B8) and tumour necrosis factor-a (TNF-a), focal bone loss (osteolysis),
inhibition of bone formation al distorted osteoblast differentiation.®35%37 A recent
experimental study & examined the potential effect of LPS endotoxin on aseptic loosening
@ssince it may participate in the biological response caused by s Endotoxins may be
found on areas of aseptic loosening since they are denpresent on the implant surface. Moreover,
wear particles have high affinity frendotoxin and, that may lead to the accumulation of
circulating endoin. Lastly, the most important source of endotoxin is probably the beced
biofilms that are present on implants from patients with aseptic loosening. Treresults demonstrated
that titanium-particle injections significantly increased LPS levels in vivo. Titanium particles also
initiate the response and gathering of macrophages to produce cytokines, while there is a
predominance (60-80% of the entire cell population) of these cells in the fibrous membrane auu

loosening implants.®

Generally, attenuation of the microcirculation in periprosthetic soft tesseems to aggravate

thewholesituation, leading toearly implant failure.

P. gingivalis LPS effect on human gingival fibroblasts

P. gingivalis is a gram-negative bacterial species and belongs to the & complex of oral
bacteria, according to Socransky’s classification in 1998, which is the most

pathogenic of all when it comes to periodontal pahoogy.




Periodontopathic bacteria produce several virulence factors, one of which slipopolysaccharide
(LPS). These virulence factors induce host response vihthe production of pro-inflammatory
cytokines. These cytokines are impoiat in the pathogenesis of chronic diseases of the
periodontal and perHmplant tissues. Human gingival fibroblasts are known to produce pro-
inflammatory cytokines, such as IL-6 and IL-8 upon LPS stimulation. Therefore, these cdls play a
key role in regulating host response against ganage periodontopathogens, which are also

implicated in peri-implant pathology.

Interleukin - 6 (IL-6)

Gingival fibroblasts are the most abundant cells in peri-implant comedive tissue, since they
constitute 65% of the entire cell population in the connective tissue. Apart from  fibroblasts,
the peri-implant connective tissue dcomprises inflammatory cells, such as multinuclear
neutrophils, lymphocytes, macrophages, mast-cells, basophils and eosinophils).3® Although
the cells dthe immune system and fibroblasts were considered mutually exclusive, it snow
evident that they both significantly influence each other.*° Fibroblasts produce and secrete a

number of inflammatory cytokines, such as interleukin- 1 and interleukin-6.

Interleukin-6 is a soluble mediator with a pleiotropic effect on inflammation, immune response
and hematopoiesis. Human 11-6 is made up of 212 ameacids and, its gene has been mapped

to chromosome 7p21.4* After 16§




produced in the initial stage of inflammation in a local lesion, it transports tthe liver through
circulation and induces the production of several cute phase proteins, such as C-reactive
protein (CRP) and fibrinogen. It also reduces the production of fibronectin, albumin and

transferrin.

CRP 4
Serum amyloid A4 ee—) Amyloid A amyloidosis
Hepatocyte =) Fibrinogen 4 == Cardiovascular event
Albumin + =) Edema
- Hepcidin4 ==} Anemia of inflammation
'L-E" % Bone marrow — Platelet 4 mmmms) Thrombocytosis
CD4 T cell === Th17 differentiation 4
inhibition Vv ) Autoimmunity
CD4Tcell == Treg differentiation chronic inflammation
CD8 T cell ~===mmp Cytotoxic T-cell
differentiation A
B cell = Antibody =) Autoantibody
production 4 hypergammaglobulinemia
RANKL 4 .
== Osteoclast ) QOsteoporosis
Synovial differentiation bone fracture
Y fibroblast VEGF 4 . '
— Angiogenesis =) Joint swelling
Vascular permeability * edema e
Dermal PSP
o fibroblast = Collagen 4 ) Fibrosis Do

Image 1. IL-6 in inflammation, immunity and disease. Tanaka et al, 2014. Cold Spring Harb Rgst

Biol.

It has been shown that IL-6, in combination with transforming growth fty (TGF)-B, is
indispensable for Th17 differentiation from naive CD4* T cells,* but that IL-6 also inhibits
TGF-B-induced Treg differentiation.*> Up-regulation of the Th17/Treg balance is considered to be
responsible for the disruption dimmunological tolerance, and is thus pathologically involved
in te development of autoimmune and chronic inflammatory diseases.** B  production of
IL-6 by fibroblasts indicates that these cells have the potential teither regulate or exacerbate B-

cell response seen in chronic inflammatory
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situations, such as affected periodontal tissues. LPS seriously affects L6production from
gingival fibroblasts and interestingly, LPS derived from Pgingivalis produces the greatest

amount of IL-6 activity at 50ug/ml.*

Figure 2.  Effect  of 50000
lipopolysaccharide from
40000 -
Salmonella enteritidis
w
(Se), Actinobacillus _'l 30000 -
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—= 20000 A
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h

in culture, IL-6 activity in the culture supernatants \adetermined. Data represent the

mean and standard deviation of the nafrom triplicate experiments. Bartold et al, 1991.

Interleukin-8 (1L-8)

Interleukin-8 is a chemotactic factor that attracts neutrophils, basophils and TFcells during
inflammation. It is involved in neutrophil activation and ekesdby several types of cells, such as
macrophages, bone marrow cellsd  monocytes. Apart from its role in inflammation, IL-8 is

also involved in caldum
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homeostasis, mitogenesis, inhibition of angiogenesis and neutrophil degranulation.

It is already mentioned that the peri-implant connective tissue @tisnumerous neutrophils. In
gingivae, neutrophils are a very important feature rearly stages of periodontal diseases. Human
gingival fibroblasts have ability to produce and secrete IL-8, after stimulation with LPS,
derived #nvarious pathogens. 11-8 produced from human gingival fibroblasts plays a
importantrole inthe early hostresponse to bacterial invasion in the network dmmune-participant
cells. A very important difference between IL-6 and IL-8 is that the latter cannot stimulate 1L-8
mRNA accumulation in gingival fibroblasts. On the contrary, IL-6 may stimulate its own
production. What is also worth mentioning, is that interferon- y (IFN-y) inhibits the
transcriptional stage of IL- 8, thus having down-regulatory effect on the production of IL-8
MRNA. Therefore, IFN-y derived from T-lymphocytes present in the gingivae may be
regulating neutrophil accumulation through the decrease in IL-8 production by gingival

fibroblasts in later stages of inflammation.*®

Type | Collagen

Type | collagen is a fibrillar type collagen, the most abundant and & structural
composition of several tissues. It is expressed in almost all types dconnective tissue and is
the predominant component of the nedid membrane. Type | collagen formation is

associated with fibrosis afibrogenesis.*°

The genes encoding type I collagen are COL1A1 and COL1A2 and play avery important

role in many genetic diseases since mutations in these genes




can lead to osteogenesis imperfecta, Ehlers-Danlos syndrome and Cigdisease.*’

Regardless of the fibroblast type, LPS derived from different ptogsinduces increased cell

proliferation and collagen synthesis, by increasing tepercentage of ‘'S’ phase cells.*®

24

——
 —



Aim

The aim of this experimental study is to investigate the effect of frimparticles on human
gingival fibroblasts, in comparison to the already kewi_PS effect. Specifically, the capability
of those particles to induce the gexpression of pro-inflammatory cytokines IL-6 and IL-8,
as well as tyelcollagen (COL1AL) is studied, as well as their effect on cell viability d
proliferation. The possible synergistical activity of LPS and titanium particles salso investigated.

Lastly, alterations in cell morphology is studied.

Materials and  Methods

Specimens

The purpose of this experiment was the simulation of the adiosestablished in the oral
cavity in cases of periimplantitis. For this esmtitanium disks with a sand blasted — large
grid — acid etched surface veused (SLA disks, Straumann®). This is the optimal
titanium surface @osteoblast adhesion and proliferation, but it does not come to contact with te
soft tissues in a state of health, since it should be completely covered vinbone. The
diameter ofeachdisk was 15 mmandthethicknesswas 1 mm. Alldisks were manufactured
in 2012 and were autoclaved again before use, wrapped in sterilization pouches, at 121

degrees Celsius for 50 minutes(Runyes Medical InstrumentCo.-SEA-17L-B-LCD).

Cell culture




Human Gingival Fibroblast (hGFs) cell line was used, purchased by AIG3®company, at
Manassas, Virginia. For the cell culture, Dulbecco’s modified Eagles Medium was used,
complemented with 5% (v/v) Fetal Bovine Im(FBS), which is the optimal and most used
complement for cell cultures. Teculture medium was also enhanced with 100 1U/ml penicillin

and 100 naistreptomycin, as well as 1% L-glutamine.

Cell thawing

The cryovial containing hGFs was removed from liquid nitrogen storage at &degrees Celsius.
Immediately afterwards, it was placed into a 37-degee Celsius water bath for approximately 1
minute. This step can sometimeskavoided in order to avoid contamination of the cell line.
The cryovial is #transferred under the flow hood after being thoroughly wiped with 70%
ethanol. A small amount of pre-warmed (room temperature) complete culture medium was then
dropwise put into the tube with thawed cells. The cells were not centrifuged, but the solution
of thawed cells and culture medium was aspirated and resuspended several times quickly,
until there was no more ice in the cryovial. The cells were then transferred to a 75 cm?
vessel that contained 12 ml Dulbecco’s culture medium (5% FBS). The vessel was
appropriately labeled with the cell type, date, and current culture stage (p=20, I). Afterwards,
the vessel was transferred to the CO, incubator, at 37 degrees Celsius, 5% CO, and 95%

humidity. The first culture medium change was performed 24 hoursafter the thawing.

Cell preservation




The cell cultures were preserved in the CO; incubator, at 37 degrees Celsius, 5% CO, atmosphere
and 95% humidity. Change of the culture medium werformed every 2 days, by the removal of

existingsupernatantmediumathddition of 12 ml of fresh culture medium.
Cell split process

In order to estimate the proper time to split a cell culture, the state of émust be assessed
daily in an inverted optical microscope (Zeiss, Germany) and calculate the approximate
confluence of the vessel surface. When the confluence of cells reaches 70-80% of the
vessel surface, the culture can and should be split, to maintain cell health and proliferation.

The split procedure is the following:

a. Determination of split-ratio.

b. Aspiration of the supernatant culture medium.

¢. Rinsing of the vessel surface with 5ml Phosphate Buffered Si§PBS) twice.

d. Addition of 4 ml Accutase into the vessel.

e. Placement of the vessel in the incubator for 3 minutes.

f.  Check of the cell situation in the optical microscope. The daged shape of cells
should be gone andthey should be seen ‘flowing’inthe fluid.

g. Addition of 8 ml Dulbecco’s culture medium in the vessel, to inactivate the
Accutase to avoid cytotoxic events.

h. Aspiration and resuspension of the cells several times in the @@ vessel to ensure

that there will be noagglomerates.




i.  Transfer of 6ml cells in new vessels that already contain 6 ml of #hDulbecco’s
modified Eagle Medium. Gently agitate each vessel b evenly distribute the cells
on the vessel surface.

j. The new vessels are labeled with the cell passage code, date and dtype and

transferred to the CO; incubator, at 37 degrees Celsius, %O, atmosphere and

95% humidity.

Image 2. Inverted microscopy image of human gingival fibroblasts at the 4th cell passage.

Cell population counting method using a hemocytometer

A hemocytometer (Neubauer®) was chosen to calculate the cell population dhe 4% cell

passage.
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Image 3. Hemocytometer.

Hemocytometer
(side view)
Oresion Sample Cover glass
&

Etched counting grid

Image 4. Hemocytometer side view and square analysis.

The hemocytometer consists of 9 large squares (9 on the upper section and®n the lower). Each
square may contain 10 ml of suspension. Cells @&ounted at the 4 corner squares and in the

middle square. Both living ddead cells are counted.




The hemocytometer is peripherally cleaned with 70% ethanol and a new cwrglass is placed on it.

The cells are suspended in the inlets and arhccording to the following equations:

a. Percentage of viable cells = viable cells/total cells x100
b. Average number of cells per square = viable cells/5
c. Dilution factor = final volume/volume of cells

d. Concentration = average number of cells x dilution factor x 10*

Cell treatment with LPS and titaniumparticles

Titanium particles were retrieved from an SLA disk with a fine grit diamond w(45um, red color
coding) placed in an airotor handpiece under constant wegrirrigation. The reason why commercial
titanium particles were not preferred §that there is evidence that it does not influence the
tissues. Moreover, fparticles during various surgical procedures are not even and uibm
Instead, their shape and size depend on the instruments used to modify implant surface.
Once gathered, the particles were decontaminated with absolute ethanol wash then

resuspended in Dulbecco’s culture medium.

The cells were placed in TCP (standard cell tissue culture treated polysterene surface, Corning®)
wells and SLA titanium disks, at an initial density of 20000 cells/cm?in DMEM 5% FBS. Cell
cultures on both TCP and SLA smesremained in the incubator for 24 hours, in order to

achieve cell adhesion dhe surfaces. For both SLA and TCP surfaces, 4 groups were made:

a. Control groups (no treatment on either surfaces)
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b. hGFs treated with LPS at a concentration of 10 ng/ml
c. hGFs treated with titanium particles at a concentration of 10 ng/ml

d. hGFstreated with LPS and titanium particles at a concentration offig/ml each

Image 6.2. hGFs cultured onASLA titanium disks.

24 hours later, the culture medium was removed from all groups, the dwveretwicewashed

withPBSandfreshculturemediumwasadded.

MTT assaywasperformed24,48and 72 hoursafter cell treatment, aswel|[EDA/PI microscopy

onthe disks forall groups on the same time periods. F

——
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the MTT assay, the experiments were performed in triplicates, n  3ndependent runs.
For the FDA/PI assay, one disk from each experimental group was used at each period.
Molecular analysis was performed in 3 independent runs for each group, 5 and 7 days after

treatment.

Image 6. Dispersion of titanium particles during their production from the modification of an SLA disk.

MTT assay

The MTT assay is a colorimetric assay for assessing cell metabolic aiMy. NAD(P)H-
dependent cellular oxidoreductase enzymes may, under defined conditions, reflect the number
of viable cells present. These enzymes ecapable of reducing the tetrazolium dye MTT 3-
(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide to its insoluble formazan, which has
a pupkcolor. Cells with a very low metabolism reduce very little MTT. Ontacontrary, rapidly
dividing cells exhibit high rates of MTT reduction. As a result, the MTT assay is directly

corelated to the mitochondrial activity and, &sa
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result, cell viability and growth rate. The optical absorption is recorded &

wavelengths between 570-600 nm.
MTT assay protocol:

a. Removal of all culture medium.

b. Addition of 200 uyl of MTT diluted in 1800 pl Dulbecco’s 5% FBS
medium.

c. Incubation at 37 degrees Celsius for 4 hours.

d. Discard of the solution and dissolving of the formazan crystals n isopropanol 96%
HCL 1N.

e. Calculation of absorption in an ELISA reader at 570 nm.

f.  Quantification of the results, in comparison to the control group.

');_’\./l-.A\/_‘)"". ) L &
!

i . it |-

Images 7 a,b. MTT assay on 24 and 48 hours after treatment.
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FDA/PI staining

Fluorescence-based live-dead assays can be used to evaluate the viability dnammalian cells.
Simultaneous use of two fluorescent dyes allows a te color discrimination of the
population of living cells from the dededpopulation. FDA is taken up by cells that convert the
non-fluorescent FDA rbthe green, fluorescent metabolite fluorescein. The measured signal is
aindicator for viable cells, as the conversion is esterase dependent. On tecontrary, the
nuclei staining dye Pl cannot pass through the viable @membrane. It reaches the
nucleus by passing through disordered areas of apoptotic cell membranes and intercalates

with the DNA double helix of the cell.
FDA/PI protocol:

a. Fluoresceindiacetatestocksolutionisprepared by dissolving5mgd-DA in 1 ml

acetone (store at -20 degrees Celsius).




b. Propidium iodide solution is prepared by dissolving 2 mg of Pl in 1 RBS (store at 4
degrees Celsius).

c. The staining solution consists of 5 ml PBS, 8 yl FDA and 50 pl PI.

d. Cell culture medium is removed from the cells.

e. Addition of staining solution.

f.  Incubation for 4-5 minutes in the dark.

g. Sample washing with PBS.

h. Sample analysis with fluorescent microscopy.

Real-time Polymerase Chain Reaction (qQPCR)

In conventional PCR, the amplified DNA product is detected in an edportanalysis. In real-time
PCR, however, the accumulation of amplification productis measured as the reaction progresses,

in real time, with mitjuantification after each cycle.

Amplification reactions are set up with PCR reagents and unique (in this @ primers. Real-time
detection of PCR products is enabled by the inclusion of aluorescent reporter, in this case

SYBR GREEN.
A basic PCR run can be separated into three phases:

a. Exponential: Exact doubling of product is accumulating at every ok (assuming 100%
reaction efficiency). The reaction is very specific atprecise.
b. Linear: The reaction components are being consumed, the reaction sslowing, and

products start to degrade.




c. Plateau: The reaction has stopped, no more products are being nakand should PCR

products remain long enough, they begin to degrade.

Measurements regarding quantification are made during the eqponentid phase of PCR. A very
significant parameter of quantification is Ct Gethreshold), which is the number of reaction
cycles required forfluorescence value to reach a certain threshold. The threshold value is defined
as the onset of the exponential phase. The Ct value is inversely proportional to the initial

quantity of the substrate.

In this experiment, and in any experiment utilizing PCR, a reference gene srequired. The
reason for thisisthatall Ctvalues should be comparedtothe Ct values of the reference gene (in
this case, GAPDH). The Ct values of all the targeted mRNA, including those of the
reference gene, are regularized in relation to the reference gene values. The reason for this

modification is to correct possible differences in the initial c DNA concentrations.




PCR Reaction Phases

Plateau Phase

Linear Phase =

PCR Product

Exponential Phase =,
PCR Threshold

Cycles

N7/ MEDICINAL
/=2 GENOMICS.

PCR reaction: S.‘:\Tf:‘ — 1"1'\1'1"'""'

(Denaturing step - 95C) (Primer annealing - 85C)
(Genomic DNA) i ,\A.\.

(Repeat cycle) (Elongation - 72C)

l.l/ U/‘

Scientific progress:

o) ?e

(Generate predictions) (Experimental design)
(Big quest.lon) (
(Repeat cycle)

(Collect and analyse data)
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RNA isolation 5 and 7 days after treatment

Isolation of the whole RNA was performed with TRItidy G™ fR@AppliChem).

TRItidy G™isareagent, based onthe Chomczynski method, with additional modifications that

improve the purity of RNA.
TRItidy G™ protocol:

a. Supernatant culture medium was removed from all groups, 5 ad ®ays after the cell
treatment.

b. 1ml TRItidy G reagent was added to each well to achieve cell § (1ml/10? cm,
according to the company’s protocol).

c. The samples were homogenized by pipetting the suspension up alown several times.
A 10-minute incubation period also followed for teimprovement of the separation of
RNA/protein complexes.

d. 0,2 ml of chloroform were added to each well and, after meanother 10 minutes of
incubation followed for the improvement fortgurity of the RNA.

e. Thelysates were centrifuged at 12.000 g for 15 minutes at 4 dayessCelsius.

f. Three separate phases could be distinguished in the Eppendorf teafterwards. The
aqueous phase was transferred to a new reaction ke and an equal amount of

isopropanol was added to it. The RNA \grecipitated on ice for 15 minutes.




g. Thesampleswere centrifugedat 12.000g for 15 minutes at 4 deyesCelsius.

h. TheRNAwaswashedwith80%ethanolbyvortexingandsubsequently with absolute
(100%) ethanol.

i.  The samples were centrifuged at 7500g for 10 minutes at 4 dgeCelsius.

J. The RNA was air-dried and dissolved in 10 pl of DEPC-treated water.

RNA quality and quantity measurement

NanoDrop Spectrophotometers are specially designed instruments fiassessing RNA quantity
and quality. Nucleic acids are exposed to ultraviolet light at a wavelength of 260 nanometres
and a photodetector measures flight that passes through the sample. The more light
absorbed by the sample, the higher the nucleic acid concentration. As a result, less light will
strike tephotodetector and higher optical density will be produced. The amount of ligt
absorbed can be related to the concentration of the absorbing nucleic @with the Beer-

Lamber Law. Theoptical density [4]is generated from equation:

Opticaldensity=Log (Intensity ofincidentlight/ Intensity & ransmitted
light)

In practical terms, asample that contains no DNA or RNA should not asabany of the

ultraviolet light and therefore produce an OD of 0.

Optical density= Log (100/100)=0




One unit of optical density corresponds to 40 ug/ml RNA. In this experiment, Biospec-nano was

used (Shimadzu Biotech, Japan). In order to assess  bquality of the RNA acquired, the

ratios A260/A280 and A260/A230 are usd Very pure RNA will have an A260/A280 ratio

of approximately 2,1. Antigabove 1,8 has satisfactory purity, whereas ratios <1,8 indicate DNA

or proteincontamination. A260/A230 ratio should ideally also be higher than 2,0. @A260/A230

ratio indicates contamination with wash solutions, such as ethanol, phenols or proteins. It is very

important to gently clean the instrument with &imWipe aftereach use.

cDNA synthesis

The synthesis of the cDNA was achieved with the ProtoScript 11 First SstDNA Synthesis Kit

(New England Bio Labs) protocol:

The kit includes:

Ingredients

\Volume

Template RNA

1 ug per reaction

d(T)23 VN 2l
ProtoScript Il Reaction Mix (2X) 10 pl
ProtoScript I1 Enzyme Mix (10X) 2 ul
Nuclease-free H,0 20 pl

Protocol:




The RNA was left to thaw on the bench, along with all reagents of kit.

. All tubes were carefully coded with the identification number of @roup of RNA.
2 ul of oligoDTs were added to each tube.

. The appropriate volume of RNA was added to each tube, so thatdtubes would
contain 1000 ng of RNA in the end.

Incubation at 42 degrees Celsius for one hour for cDNA synthesis.

Image 8. cDNA samples ready to be incubated at 42 degrees Celsius for one hour.
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Real-time PCR procedure

The gene primers selected for this experiment are presented in the followingtable:

GAPDH

Interleukin 6

(IL-6)

Interleukin-8

(IL-8)

Collagen

(COL1A1)

REVERSE

FORWARD

REVERSE

FORWARD

REVERSE

FORWARD

REVERSE

FORWARD

GACGCCTGCTTCACCACCTTCTT

GCGGGGCTCTCCAGAACATCAT

CCATCTTTGGAAGGTTCAGGTTG

ACTCACCTCTTCAGAACGAATTG

AACTTCTCCACAACCCTCTG

TTGGCAGCCTTCCTGATTTC

CATGACCGAGACGTGTGGAAACC

CATGACCGAGACGTGTGGAAACC

The master mix was prepared for each pair of primers. That contains the @of primers (reverse-

forward), the SYBR Green Master Mix and RNAasefiee water, in a total quantity of 500nM.

Those reactions take place in ®nlates. Each well contains:

a. 15 pl of master mix and

b. 5 ul of cDNA, which corresponds to 50 ng of each cDNA sample.

Each reaction must be twice performed to ensure maximum reproducibility. The plate is covered

with a transparent membrane that adheres on the plate’s




surface (MicroAmp Optical Adhesive film PCR compatible DNA/RNA RNAa= free, Applied
Biosystems) and the plate is centrifuged for 3-4 minutes bensure that the samples are

adequately mixed and there is no sample on tevalls of the wells rather than the bottom only.

Preparation of samples for SEM

Eight titanium disks, representing each treatment group, 5 and 7 days d&the treatment were
prepared for scanning electron microscopy. Firstly, Bcells were fixed on the disks with 2%
glutaraldehyde in a cacodylic acid buffer. After this initial fixation phase, the first wash follows,
usually with saccharose. The reason for this is to remove any fixating component that has
\raedunbound. At the second phase of fixation, 1% osmium tetroxide is used na cacodylic
acid buffer. The cells must remain in this state for 60 minutes at 4 degrees Celsius, as higher
temperatures could lead to the rapid reaction of the cells with the osmium tetroxide and the
alteration of their morphology. A second wash, similar to the first one follows. The final step is
the dehydration of the samples, that is gradually achieved by the replacement of water with
ethanol. Every 10 minutes, the samples are immersed in increasing concentrations of
ethanol (25%, 50%, 75%, 80%, 95%). After this, the samples are placed in envelopes
made of filter paper and are soaked in 100% ethanol. The samples will remain at this

solution for 12 hours, until all ethanolhas evaporated.




Statistical Analysis

For the statistical analysis of all retrieved results, Graphpad Prism v5.2 tbeen used. The
Confidence Interval for all experiments was 95%. A p dless than 0,5 (p<0,5) was set as
statistically significant. For all data, anormality test was performed at first, which
determined the appropriate statistical test that was applied. Paired t-tests and One-Way Anova

were used for data that followed a normal distribution.




Results

MTT assay at 24,48 and 72 hours after treatment with LPS, partidsLPS and particles
combined

The diagrams bellow express the results retrieved from the collection danalysis of data

derived from the MTT assay.

The assay was performed for treated cells on both SLA titanium disks dTCP surfaces. All
pink columns represent groups of cells on SLA aufes while all blue columns represent

groups of cells on TCP surfaces.

24hoursafterthe treatmentof cellswith LPS and particles, thereisone nafinding: SLA titanium
surfaces have a significant effect on human gropd fibroblasts. Specifically, cells on SLA
disks have a statistically significat difference in proliferation, compared to those cultured on
TCP sis(control group). That is not just a random event, since hGFs on SLA d& treated
with either LPS, Ti particles or both, exhibit a statistically dsessd proliferation, in comparison
to their corresponding groups on TCP sufaces For the SLA groups, there is also a statistically
significant difference between hGFs treated with LPS only and hGFs that received no treatment.

(Diagram )

48 hours later, the same pattern can be observed. For all TCP groups, there ga statistically
significant increase in cell proliferation, compared to the $groups. We also wanted to
investigate whether any of the treatments aoplied could potentially arrest the progress of
proliferation. From the s comparison for all groups between 24 and 48 hours, the

result v&  atatistically significant increase in cell proliferation in one day. That implies




that, thereisnotonlyanincreased metabolicactivity ofthe cells, butalsotanone of the treatments

are cytotoxic. (Diagram 2)

3 days after the treatment, there is still a statistically significant dffieene between the SLA
and TCP groups for all treatment groups. There is dill astatistically significant increase in
proliferation between 48 and 72 hours for all groups, which confirms that the treatment does
not negatively affect cell proliferation or, at least, not to a significant extent. In the 72-
hours results, a statistically significant difference between the ‘TCP + LPS’ and ‘TCP
+ particles’ can be observed. For the SLA groups, a statistically significant
difference between the ‘particles’ and ‘LPS and particles’ groups can also be

observed. (Diagram 3)
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Diagram 1. MTT assay results after 24 hours.
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Cell staining with FDA/P1 24, 48 and 72 hours after cell treatment iLPS, particles, LPS
and particlescombined

We examined cell viability and apoptosis of hGFs on SLA titanium araes 24 hours after the
cell treatment. For the group that received no tedmat substantial cell viability and no
apoptosis can be observed for the firstzhours. The cells have a rather elongated shape,
with areas of ligconfluence. For all treatment groups, we could not detect significant
apoptosis for the first 24 hours after treatment. As time after the treatment progresses,
substantial cell apoptosis and less viable cells can be observed. There are also gap-junctions

between living cells, which are more round than elongated.




Image 9. 24 hours. Fluorescence microscopy with FDA/PI staining iGFs on Image 10. 24 hours. Fluorescence microscopy with FDA/PI staining @GFs on
SLA surfaces. No treatment. SLA surfaces. Treatment with LPS.

Image 11. 24 hours. Fluorescence microscopy with FDA/PI staining iGFs on Image 12. 24 hours. Fluorescence microscopy with FDA/PI staining ®@GFs on
SLA surfaces. Treatment with particles. SLA surfaces. Treatment with LPS and particles.
(5 )




Iae 13. 48 hours. Fluoresence microscopy with FDA/PI staining iGFs on Image 14. 48 hours. Fluorescence microscopy with FDA/PI staining ®@GFs on
SLA surfaces. No treatment group. SLA surfaces. Treatment with LPS.

Image 15. 48 hours. Fluorescence microscopy with FDA/PI staining @GFs on Image 16. 48 hours. Fluorescence microscopy with FDA/PI staining iGFs on
SLA surfaces. Treatment with particles. SLA surfaces. Treatment with LPS and particles.
( 5 )




Image 18. 72 hours. Fluorescence microscopy with FDA/PI staining diGFs on

Image 19. 72 hours. Fluorescence microscopy with FDA/PI staining ®iGFs on
SLA surfaces. No treatment group. SLA surfaces. Treatment with LPS.

-

L A
SLAsurfaces. Treatmentwith LPS and particles.

Image 20. 72 hours. Fluorescence microscopy with FDA/PI staining iGFs on
SLA surfaces. Treatment with particles.




Gene expression 5 and 7 days after cell treatment with LPS, partids LPS and particles
combined

On this experiment, we examined the gene expression levels of minflammatory cytokines
IL-6 and IL-8, as well as that of Collagen TyelI(COL1AL) 5 days and a week after cell

treatment, for hGFs cultured both oSLA and TCP surfaces.

There was a statistically significant difference in the expression of  L&etween the ‘LPS
and particles’ and ‘LPS’ groups on TCP surfaces, in favor of the first. This strengthens our
view that LPS and titanium particles might hae a synergistical effect, as far as the
inflammation promotion is concared There was also a significant difference between the
two ‘LPS and partides’ groups on SLA and TCP surfaces. From the diagram, we can also
observe aincreasing tendency of expression when hGFs are treated with particks compared
to being treated with LPS only, but not in a statistically sgniicatmanner. Moreover, in the SLA
group, treatment with LPS seems to induce tegreatest IL-6 expression, though not statistically

significant.




IL-6 5 DAYS

Realative fold change compared toGAPDH

Diagram 4. Gene expression of IL-6, 5 days after the treatment.

As far as IL-8 expression is concerned, on 5 days, we can observe what ngbe the most
important finding of this experiment. There is a datdically significant difference in the
expression of IL-8 between the ‘LPS and particles’ and ‘particles’ groups, as well as
between the ‘LPS and particles’ and ‘LPS’ groups, for hGFs cultured on TCP surfaces.
There is also a dastically significant difference between the ‘particles’ and ‘LPS’ groups,
for hGFs cultured on TCP surfaces, in favor of the first. This enhances the fneresults
regarding IL-6, despite them not being as strong. It also confirms td particles, either
individually or in combination with LPS, induce a nigreater 1L-8 expression than LPS

only, in vitro. The same results are 1




observed for hGFs cultured on SLA surfaces, though a similar tendency resent.
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Diagram 5. Gene expression of IL-8, 5 days after treatment.

When it comes to CollAl gene-expression, for the TCP surfaces, there sastatistically
significant difference between the ‘LPS and particles’ and ‘particles’ group, in
favor of the first. There is also a statistically significant difference between the ‘LPS’
and ‘LPS and particles’ groups, in favor of the latter. This indicates that there is a higher
collagen production in the presence of particles, simultaneously with the I1L-8 and IL-6
production. For the SLA surfaces, there is a statistically significant difference

between the ‘LPS and




particles’ and the group that received no treatment at all. There is a0 aimilar tendency to

that observed in the TCP groups, despite it not being confirmed statistically.
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Diagram 6. Gene expression of collagen (COL1A1), 5 days after treatment.

One week after the treatment, the levels of IL-6 expression for the ‘particles’ group is
statistically higher than in the ‘LPS’ group, for cells on the SAsurfaces. There is no such
tendency in the TCP group, neither are the greexpression patterns between the two different

culturesurfacessimilar.




IL-6 7DAYS

e

Realative fold change compared to GAPDH

C 9 S & © &
FANFS ST
¥ &S &L
F & ¥ S
¥ J¥ ]¥ QY

& & & &
QX R
¥ &
Q

Diagram 7. Gene expression of IL-6, 7 days after treatment.

As far as Collagen expression is concerned, there isa similar result to the Léexpression, 7 days
after the treatment. There is a statistically sgnificat difference between the ‘particles’ and
‘LPS’ groups, in favor of the particles, for the SLA surfaces. There are also equal
expressions between the ‘LPS ad particles’ and ‘LPS’ groups, for the TCP surfaces.
Regarding the expression of IL-8 at 7 days, there were no statistically significant differences for

anyoftgroups. There are, however, increased expression levels for both LFS




groups, aswell astherest. The results between the SLA and TCP wife=are also more

homogenous.
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Diagram 8. Gene expression of collagen (COL1A1), 7 days after treatment.
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Diagram 9. Gene expression of IL-8, 7 days after treatment.




Scanning Electron Microscopy (SEM)

SEM microphotography of human gingival fibroblasts, 5 days after SEM microphotography of human gingival fibroblasts, 5 days after SEM microphotography of human gingival fibroblasts, 5 days after
cell culture on SLA disks. x500 magnification cell culture on SLA disks. x1000 magnification cell culture on SLA disks. x1000 magnification

SEM microphotography of human gingival fibroblasts, 5 days after SEM microphotography of human gingival fibroblasts, 5 days after SEM microphotography of human gingival fibroblasts, 5 days after
cell culture on SLA disks. x1500 magnification cell culture on SLA disks. x1500 magnification cell culture on SLA disks. x2000 magnification




SEM microphotography of human gingival fibroblasts treated with SEM microphotography of human gingival fibroblasts treated with SEM microphotography of human gingival fibroblasts treated with
LPS, 5 days after cell treatment on SLA disks. x500 magnification LPS, 5 days after cell treatment on SLA disks. x500 magnification LPS., 5 days after cell treatment on SLA disks. x2000 magnification

SEM microphotography of human gingival fibroblasts treated with SEM microphotography of human gingival fibroblasts treated with
Ti particles, 5 days after cell treatment on SLA disks. Ti particles, 5 days after cell treatment on SLA disks.
X500 magnification x1000 magnification x2000 magnification

SEM microphotography of human gingival fibroblasts treated with
Ti particles, 5 days after cell treatment on SLA disks.




HV ma \ HFW | tilt | mode 10 ym —— HV : tilt | mode

10.00 kV| 10 O 3 4 mm|27.0 pm| 0O SE 10.00 kV 000 x| 10.4 mm

SEM microphotography of human gingival fibroblasts treated with Ti particles, 5 days after SEM microphotography of human gingival fibroblasts treated with Ti particles, 5 days after
cell treatment on SLA disks. cell treatment on SLA disks.

x10.000 magnification x20.000 magnification




SEM microphotography of human gingival fibroblasts treated SEM microphotography of human gingival fibroblasts treated SEM microphotography of human gingival fibroblasts treated

with LPS and Ti particles, 5 days after cell treatment on SLA with LPS and Ti particles, 5 days after cell treatment on SLA with LPS and Ti particles, 5 days after cell treatment on SLA
disks. disks. disks.
X500 magnification x1000 magnification x2000 magnification

HV mag ND HFW | tilt | mode { — HV mag WD HFW | tilt | mode
10.00 kV|500 x 9mm| 541 ym |0 SE 10.00 kV|{1 000 x| 10.9 mm| 270 ym | O SE
SEM microphotography of human gingival fibroblasts. 7 days after cell culture on SLA disks. SEM microphotography of human gingival fibroblasts, 7 days after cell culture on SLA disks.
X500 magnification x1000 magnification
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SEM microphotography of human gingival fibroblasts, 7 days after cell culture on SLA disks.

SEM microphotography of human gingival fibroblasts, 7 days after cell culture on SLA disks.
x1000 magnification

x2000 magnification

SEM microphotography of human gingival fibroblasts, 7 days after SEM microphotography of human gingival fibroblasts, 7 days after SEM microphotography of human gingival fibroblasts, 7 days after
cell treatment with LPS. cell treatment with LPS. cell treatment with LPS.
X500 magnification x1000 magnification

x2000 magnification
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SEM microphotography of human gingival fibroblasts, 7 days after cell treatment with LPS. SEM microphotography of human gingival fibroblasts, 7 days after cell treatment with LPS.
x500 magnification x1000 magnification

SEM microphotography of human gingival fibroblasts, 7 days after cell treatment with Ti particles.
x1000 magnification

“HV magv' WD WHFVV tilt | mode
10.00 kV |2 000 x|10.8 mm| 135 ym |0 SE
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SEM microphotography of human gingival fibroblasts, 7 days after cell SEM microphotography of human gingival fibroblasts. 7 days after cell SEM microphotography of human gingival fibroblasts, 7 days after cell
treatment with LPS and Ti particles. treatment with LPS and Ti particles. treatment with LPS and Ti particles.
x1000 magnification X2000 magnification

Scanning Electron Microscopy of the SLA titanium disks, five and seven dysafter the cell
treatment, has revealed a unique morphology of the hmmgingival fibroblasts, which were
trying to adapt to the microrough #enumsurface. Despite the fact that they appear to have an
elongated shape viprominent filopodias, those filopodias are greatly extended, either in
an attempt to gain contact with adjacent cells or to adhere on a surface whose 3D structure
is full of grooves. The extracellular matrix is disrupted on some parts, yet present. It seems
that the cell population is reduced in all treatment groups, however it is not exactly clear
whether that can be attributed to the rough surface or mostly the treatment. Gingival
fibroblasts also appear slightly detached from the SLA surfaces, though not round shaped.

There are also




large zones with no cells. Titanium particles can be seen in some images fyellow circle, SEM

image, treatment with particles, 5 days).
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Discussion

The purpose of this experiment was to investigate the implication and effect ditanium particles on
peri-implant inflammation and, specifically, to investigate their influence on pro-inflammatory
cytokines and collagen gene expression nvitro, as well as their interaction with

Lipopolysaccharide derived #rP.gingivalis.

The limitations of this in vitro study is mainly the fact that we cannot risafe clinical
interpretations of our results, since cell behavior is much different in a living organism, where all
systems and different types of cell populations interact. It would also be beneficial to perform
protein expression aelgs since over-expression of a gene, does not necessarily constitute

paaproduction as well.

When this experiment was designed, little was known on the effect of Bsurfaces on gingival
fibroblasts. In the recently published study of Maal et &he authors wanted to study the growth
of human gingival fibroblasts adifferent titanium surfaces in vitro. Those surfaces were
modified with different types of instruments since the experiment was a laboratory simulation
ddifferent ways to clinically perform implantoplasty. What was very interesing was that all
modified surfaces facilitated the gingival fibroblasts’ growth, except for the untreated
SLA surfaces.”® This is in accordance with our resuls from the MTT assay, where for all time
periods and, regardless of ttreatment, there was a decrease in the proliferation on
SLA sscompared to the TCP surfaces. This is not just a short-term effect, as authors

of the other study have noticed a statistically significant difference




between proliferation on SLA surfaces and modified ones, even after 15 and

30 days of culture, when very few cells were left on the SLA afeshowever, the fibronectin
remained. Apart from the proliferation parameter, there was also a statistically significant
increase of IL-6 for the SLA gpcompared to the modified surfaces. This is also in
agreement with afindings, but the extent of the effect of the surface on cells regarding 1
interleukin is not clear, as it was also increased by the treatment provided. On dermal fibroblasts,
increase in the levels of IL-6 means fibrosis and we have indeed observed an increase of
collagen expression for the same groups.”® Happe et al also studied the effect of
titanium powder on hGFs and osteoblasts in vitro. They report a negative correlation
between cell viability and proliferation and titanium particles accumulation. That, however, may
be associated to the profoundly increased concentrations of particle powder that were used
(0,01-0,1-1,0 mg/ml). They also report long-term (up to 21 days) IL-

6 expression on gingival fibroblasts, while osteoblasts only expressed tichemokine in the
first 24 hours. However, this expression of I1L-6 for gingival fibroblasts was significantly different
than the control group only for the lonetconcentration of particles. In the highest concentration,
the 1L-6 expression levels were almost equal or smaller than the control.%° This could be explained by

the cytotoxic effect this quantity of particles has on the cells.

The effect of titanium particles on different cell lines has already been studied. In osteoblasts, they
induce alterations on the levels of RANKL and ®osteoprotegerin). CCL-2 increase activates
macrophage infiltration, in & presence of LPS from P.gingivalis. Titanium concentration

of 9ppm &  synergistically with the LPS, thus increasing RANKL, OPG and @2




levels.5 We also confirm that there must be a synergistical activity of titanium particles and LPS,
when it comes to their effect on hGFs, since we deeded greater expression levels of 1L-8 in

their presence, compared to whenvetreated the cells with either of them only.

Proper function of osteoblasts is critical to successful bone growth and, as aesult, integration
strength.>?Osteoblasts treated with titanium particles do rthave a clear nuclear region, but do have
a disrupted focal adhesion. What smostly engaging, however, is that particles of different
sizes act taghdifferent mechanisms, all adverse. Particles with sizes between (10 < X < Hum
can physically prevent titanium integration, while small sizes (<1,5 yn  — 10 ym) cause
phagocytosis events that result in smaller integration strength. Pro-inflammatory cytokines,
such as IL-6, are released from macrophages after phagocytosis and after the development
of an erosive pannus that stimulates bone resorption.5 Metal-associate debris is also known

to cause more extensive macrophage differentiation and bone resorption.>*%

A recent experimental study from Kotsakis et al has shown the effects ddifferent cleaning
instruments on titanium dissolution and biofilm removal from implant surfaces. The authors
found that instruments with almost equal hardness to the titanium, such as titanium
brushes, caused greater dissolution, without being more effective in terms of biofilm
removal. It was also very interesting that titanium surfaces colonized by biofilms, also
caused significant dissolution, without any surface treatment implicated. The effect of this
dissolution on cells was also examined and, a 15% increase in dead cells was noted for the

murine fibroblasts population.®®




Titanium particles, either generated in the oral cavity or from any mkal joint, may also
migrate to distant tissues and affect them. In vivo studies hmini-pigs have shown that
titanium particles may migrate to the lungs of animals that had previously had implants
placed in their mandibles. Weingart et al studied titanium accumulation on adjacent lymph
nodes, following the placement of implants, and detected their vessels of transportation,
which were lymphocytes.5” However, they did not report any signs of inflammation or foreign-
body reaction. Apart from the lymphatic path, particles can also be transferred through the

blood circulation to the spleen or liver.5®

Despite the continuously growing evidence that particles can indeed @gadverse tissue
reactions, there is also strong scientific objection. Stavropoulos et al published, in 2019, a
systematic review on the mechanical and biological complications after implantoplasty. The
authors also refer to the issue dparticle release and state that it is very difficult to control particle
accumulation when clinically modifying an implant surface. That means that the quantity adsizes of

particles vary significantly, depending on the case and insruments used.>®
Could it be that there is also a critical mass of titanium particles, like vibacteria?
It is not yet known.

According to Siddiqi et al, cases of sensitivity reactions to titanium maybunderreported
since they are not usually included in potential causes & implant failure.®® However, it is
also stated that no clinical studies  l®mentioned any adverse effects and, inflammation

induced in in vivo 4.0




was ‘limited, low grade and chronic’. The 50" EAO Consensus analyzes teissue of
particles, stating that there is weak evidence to  ghypersensitivity reactions to
titanium particles. It also reports that despite tedirect and indirect influence of particles on
peri-implant tissues and difieet cell lines, there is not a simple cause-and-effect relationship
between titanium particles and biological complications so far.5! That, however, is difficult b
prove in an environment so abundant in microbes that easily accumulate, form biofilms

and cause inflammation.

Considering that gingival fibroblasts have immunoregulatory function, wvanted to examine
the nature of response of the soft tissues to a potentially harmful agent. We have not only
confirmed the synergistical activity  of particles with LPS, but also the strong reaction that
particles themselves can induce on gingival fibroblasts. IL-6 and IL-8 are major chemokines
implicatedinchronicinflammation and regulate neutrophil function. Collagen expression may not
be a positive finfing, since it could clinically constitute fibrosis, especially in an

inflammatory environment, where the organism tries to ringfence the lesion.

Future extensions of this study could be the investigation of nmdekpathways that lead to
overexpression of certain genes associated iinflammation, but also cell death. Moreover,
protein detection assays could be very useful since the gene expression itself, does not
necessarily mean increase of the quantity of the final product. Since fibrosis and
chronic inflammation are strongly correlated to cellular senescence, the existence and influence

of a senescent substrate on disease recurrence or deterioration




could also be examined. More in vitro and in vivo simulation studies valicertainly be

more enlightening on the subject.

Conclusions

This experiment was a simulation of the biological conditions present in cas of established
periimplantitis. Human gingival fibroblasts were cultured o SLA or TCP surfaces and treated
with P.gingivalis LPS, titanium particles agLPS with titanium particles combined. The effect
of this treatment on  tamajor pro-inflammatory cytokines (IL-6, IL-8) gene expression was
studied, ®awell as on the collagen gene expression. Two of the most significant fibroblast
functions were thus examined in response to an adverse factor. The results dthe study, lead to

the following conclusions:

1. SLA surfaces are not an optimal surface for gingival fiddt adhesion and
proliferation. However, the qualitative FDA/PI andlyss revealed only a few apoptotic
cells on SLA surfaces that received o treatment and a significant rate of proliferation
every 24 hours, despite hot being as increased as on the TCP surfaces.

2. The synergistical action of LPS and titanium particles is the nb important finding of
this study, since it induces greater responses fithe mere action of particles or LPS alone,

as far as the expression of peinflammatory cytokines is concerned.




Collagen expression is increased due to the synergistical action of Band particles,
whereas in the LPS groups, there was almost no agmexpression. Further investigation of
this phenomenon s certainly needed.

Cell viability is influenced by the treatment, since many apoptotic @were present in all
treatment groups, as was revealed by the FDAualitative staining.

The morphology and gap junctions of cells on SLA surfaces are seriouslydisrupted.
Clinicians must take great caution when treating peri-implant diseases oduring the
maintenance phase of implant-bearing patients, since iatrogenic particle release may, in
combination with bacterial virulence factors, ry jeopardize the long-term biological

stability of an implant.
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Abstract

The substantial increase of patients bearing implants, the past two dscades brings the clinician
before the prevention and treatment of peHplrt pathology, as well as the long-term
maintenance of the therapeutic outcome. The past years, the research interest has been turned
towards free faum particles, that are the product of corrosive events or the metaid
debridement of the implant surface, during the surgical therapy  dperiimplantitis or
during the maintenance care program with several types of instruments. The question is
whether these particles are capable of inducing or worsen an already established inflammatory

reaction that will certainly notimprovethe condition, despitethegoodwill of theclinician.

Aim

The aim of the present study is to investigate the effect of titanium particles, on the same or
maybe greater degree than P. gingivalis lipopolysaccharide, on the gene expression of two major
pro-inflammatory cytokines, interleukin-6 and interleukin-8, as well as gene expression of

collagen type | of lmm gingival fibroblasts. The possibility of a synergistical activity between

titanium particles and LPS is also examined.
Materials and Methods

Human gingival fibroblasts were cultured on sand blasted and acideched (SLA) titanium and
TCP surfaces for 7 days. 24 hours after the culture of akon both surfaces, the cells were treated
with either LPS, particles or LPS aparticles combined. At 24, 48 and 72 hours after treatment,

MTT assay \werformed to assess cell proliferation. FDA/PI staining has also B




performed for the same time periods, in order to evaluate dviability/apoptosis.
At 5 and 7 days after the treatment, cell RNA was isolated and PCR was performed to
assess gene expressions of IL-6, IL-8 and COL1Al. SEM microscopy was also

performed five and seven days after the treatment for all groups on SLA surfaces.

Results

hGFs have shown a statistically significant difference in proliferation rates @SLA surfaces,
compared to TCP, in favor of the latter. However, all guysindependently of the treatment
kind, had a significant increase of #population between the time periods of examination.
As far as the expression of interleukin levels is concerned, the combination of LPS and
particles significantly increases the levels of interleukin-8 expression, compared to LPS or
particles alone. On SLA surfaces, treatment with LPS and particles, induced a significant
increase of interleukin-6 and collagen. FDA/PI microscopy has shown increased cell
apoptosis for all treatment groups, as well as differences on cell morphology. SEM
microscopy has revealed stressed cells with zones of no cells and a disrupted adhesion on

SLA surfaces.

Conclusions

Rough titanium surfaces significantly affect the proliferation and mophology of human gingival
fibroblasts, which contact such surfaces after Besorption and pocket formation induced by
inflammation. Moreover,  Bcombination of titanium particles and LPS increase, in a
statistically significant manner, the expression of IL-6, IL-8 and collagen. Taking into

account B




immunoregulatory role of fibroblasts in the connective tissue of the @implant mucosa, it
appears that particles arouse a similar cellular reaction athe bacterial endotoxin, while
synergistically intensifying this reaction. Finally, since these cells are also responsible for collagen
synthesis and extracellular matrix production, the increase in collagen expression, indicates an

increased activity of cells towards the production of reactive tissue.

Key words: Titanium implants, titanium corrosion, experimental in vitro sudy, peri-implantitis,

human gingival fibroblasts




NepiAnyn

Tig TeAeuTaieg OUO OeKOETiEG, N ONUAVTIKA aU¢Non Twv a0BevwV TIOU QEPOUV
eEMuUTEUUaTO @épvel TOV KAIVIKO avTIHETWTTO WE TNV TTPOANWN Kai Bepatreia Tng
TTEPIEYQUTEUPATIKAG TTaBoAOYiOG, KABWG Kal We TN POKPOTIPOBEeoUn diatipnon Tou
BepaTreuTikKOU OTTOTEAEOPATOC. Ta TEAEUTAIO XPOVIA, TO EVOIAQEPOV TNG EPEUVNTIKAG
KOIVOTNTAG OTPEPETAI TTPOG Ta EAEUBEPA CWATIOIA TITAVIOU, WG TTPOIOVTA dIABPWTIKWV
A ATTOTPITITIKWY OIEQYACIWV OTNV ETTIQAVEIO TOU TITAVIOU, €TE KATA TN XEIPOUPYIKNA
BepaTreia TG TTEPIEPPUTEUPATITIONS i} OTTO DIAPOPES TTAPEUPRATEIS KATA TNV £QapUOyN
TOU TTPOANTITIKOU TTpoypApuaTog. To epwTnua TTou TiBeTal €ival, KaTd TTOoOV aUTA Ta
owparidia gival IKkavd va TTPoKAAEoouV ) va evTeivouv [ia 1idn edpalwpévn QAEyUovwdn
avtidpacn Twv 10TWvV, Yeyovog Tou oiyoupa Oev BonBdel Tnv iacn piag

UTTAPXOUCAG VOOOAOYIKNG OVTOTNTAG.
2KOTTOG

2KOTTOG TNG TTapoUoag dITTAWMPATIKAG £pyaciag gival n digpeuvnon NG €TTidpaong
Twv cwuaTndiwv aTov idlo A o€ PeyaAUuTepo Babud atrd To ANITTOTTOAUCAKXOPITN
ammdé P. Gingivalis, oTn yovidIaKr €K@Pacn Twv TTPOPAEYHOVWOWY KUTOKIVWY,
IVTEPAEUKIVNG-6 Kal IVTEPAEUKIVNG-8, KaBWG Kal Tou KOAAaydvou TUTTOU | o€ avBpwTTIving
TTPoEéAeUanS OUAIKEC IvOBAGoTeG. H mBavotnta utrapéng uiag ouvepyikng dpaong

METAEU AITTOTTOAUG AKX OPITN KOl CWHATIOIWY TITAVIOU £TTIONG DIEPEUVATAI.

Mé£Bodol kai YAIKG

AvBpwTmivng TpoéAeuans oUuNIKEG IVOBAAOTEG KaAAiepyriBnkav oe adPOTTOINUEVES

Kal appoBoAnuéveg (SLA) emmipdveleg TiTaviou, KaBwg Kal o€




EMQAVEIEG TTOAUCTUPEVIOU yIO OUVONKG 7 nuépeg. Eva €IKOOITETPAWPO WETG TNV
KaANEpYEID  TWV  KUTTAPWV  OTIC  ETMIQAVEIEG, TTPAYUOTOTTOIRBNKE 1N €yxuon
NITTOTTOAUCAKXAPITN, CWUATIOIWV TITAViOU | KAl Twv U0 MPadi OTIC TTEIPAMPATIKEG
opadeG. Meta atro 24, 48 kai 72 wpeg, dievepyBnke dokiyacia MTT yia Tov EAeyXo Tou
KUTTapIKoU TToAaTTAaoioopoUl. EmmpooBétwg, yia TIG idIEC XPOVIKEG  OTIYHEG,
TTpayuaToTToIenke WIKpookoTria @Bopiouou pe xpwaon FDA/PI yia Tnv agioAdynon 1ng
CWTIKOTNTAG KOI ATTOTITWONG TWV KUTTApwY. 2TIG 5 Kal 7 nUEPES, OAOKANPWONKE N
OUVOAIKN atropdvwon Tou RNA atod OAeg TIG OUADES yia ToV EAEYXO TNG YOVIBIOKAG
EKQPAONG TWV IVTEPAEUKIVWYV Kal KOAAaydvou, aAAd Kal n TTpoEToIdacia Twv dioKwv

ylO NAEKTPOVIKI HIKPOOKOTTIO 0ApWOnG.

ATroteAéopaTta

Ooov a@opd atov TTOAATTAAGIAO UG TWV KUTTAPWY, TTapaTneABnKE OTATIOTIKG ONPAVTIKA
O1apopd peTau Twv dU0 TUTTWV ETIQAVEIWY, UE TNV adpr EmM@AvEIa TITAVIOU VO EUVOEI
ANiyotepo Tov TTOAAaTTAQCI0ONG Twv IvoBAaoTwy. Mapdha autd, ave¢dptnTta amd 10
€id0g NG €yxuong, OAEC oI OPAdES TTaPOUCIaCAaY OTATIOTIKA GNUAVTIKF augnon Tou
TTOAOTTAQOI0OUOU PETAEU TWV UTTO €EETAON XPOVIKWY OTIYUWY. Q¢ TTPOG TN YOVIBIOKNA
EKQPAOT TWV IVTIEPAEUKIVWOV, O OUVOUAOWAOS NITTOTTOAUCAKXAPITN KOl owuaTidiwy
TITaviou au¢avel onuavTika Ta etrieda IVTEPAEUKIVNG-8, € oXéon WE TN povoBepaTTeia Ye
owpaTidla f e evdototivn. ETTTPooBEéTWG, OTIC EMQAVEIES TITAVIOU, N GUVEPYEID TWV
OUo eméQepe anuavTikr auénan 1600 TNG IVTEPAEUKIVNG-6 600 Kal Tou KoAAayovou. H
MIKPOOKOTTiO 0APWONG OTTOKGAUWE TNV OTTWAEIQ CUVOETEWY HETAEU TWV KUTTAPWY,
TNV ETTIUNKUPEVN Pop@oAoyia Toug, KaBwg Kal OUOKOAIQ TTPOCOPUOYRS TOUG

oTnNV EM@AVEIQ TITAVIOU.




2UPTTEPACHATA

O1 adpéc emedveieg TiTaviou €mdpolv onuavtikd oTov TTOANOTTAACIOOUSd Kal TN
Hop@oAoyia TwV avBpwTTivwyv OUAIKWYV IVOBAACTWY, TTOU UTTO OUVBRKES uyeiag, dev
BpiokovTal o€ €@ PE TO AdPS TUAMA TOU EPPUTEUPATOG, TTOPA POVO AV TTPOKUWEI
0O0TIKA a1roppO®non. AKOPN, O CUVOUAOWOG TWV CWHATIOIWV TITAVIOU KOl TOU
BakTnpIakoU AITTOTTOAUCOKYXAPITN  €MQEPEl  OTATIOTIKG onuavTiky duénon Twv
TTPOPAEYHOVWOWY KUTOKIVWY, IL-6 kai 1L-8, KoBwg Kal Tou KoAAayovou TutToU |.
AauBavovtag utToYiv Tov avooopuUBUIOTIKO POAO TwV IVOBAACTWY OTO GUVOETIKO
I0TO TOU TIEPIEPPUTEUHATIKOU BAEVVOYOVOU, @aivetal OTI Ta eAeUBepa cwpaTidla TITAviou
TTPOKAAOUV TTAPOMOIA KUTTAPIKK avTidpaon e Hia MIKPORIOKT) vOOTOEivN, EVW CUVEPYIKA
gvreivouv auth Tnv avtidpaon. TéAog, kaBwe Ta idia KUTTOPA €ival utTeUBuva yia TN
ouvBean koAAayovou Kail Tnv TTapaywyr| TN EwKUTTApIag BeuéAiag ouaiag, n augnon
™G €k@paong Tou KoAAaydvou duvnTikd utrodnAwvel Tnv augnuévn dpacTtnpidtnTa
TWV KUTTAPWV TTPOG TTapaywyr avTidpacTikou 10ToU.

NECEIG-KAEIDIQ: Epoutetpara TITaviou, d1GBpwon TOU TITaviou,

TTEPIEPMPUTEUMATITION, TTEIPAUATIKN MEAETN in Vitro, avBpwITIVEG OUAIKES IVOBAAOTES
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