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MepiAnyn

H mp®teottkn) ovEAVOT OVOQEPETOL TNV OVOLYVAPLGT KOl
TOGOTLKY| EKTIUN O™ SAWDV TV TPOTEIVHV, AAG KOL T®V TPOTO-
TOUNUEVOV LOPO@Y TOVC, TOL TOPEYOVTOL Otd €VOL LOVOKVTTOL-
PO 1} TOALKVTTOPO OPYOVICUS GE GLYKEKPULEVT] OEOT TNG KVT-
tapikic Long tov. H tpateopik| ovéAlvon puropel votoi&et on-
povtikd poro otic latpikég Emotiipeg, o 6Tt opopd tnv Sid-
YVOOT, TPOYVOOT), TNV Oepamelc. cOEVELHOY, 1O10ATEPOL LEGM TNG
OVOKGALYN G VEOV QOPUEK®Y OAAG Kot TNV avorkéioym Blo-
AOYIK@V dE1KT@V 6 VYPA Ko 16ToVC. H ev Adym ovéidvom éytve
EPLKTT, LLE TNV CNLEPIVT| TNG LOPQT], X GpM OTLG TEYVOAOYIKEG e€e-
AMEeig, 6mwen pocuotopetpio paldv, ot LikposvoTolyieg Tpw-
TEWVAVY KoL 1 PLlomAnpo@optkr). v OdovTiorTplk, ot BloAoyt-
kot detkteg éxovv avalntnOel oe Tpia kupimg medio: TNV TepN-
d6vaL, TNV TEPLOdOVTIKT VOGO KoL TOV KOPKIVO TNG GTOUNTIKNG
KolAdtnToC. H oovéAvon tov 6éAov Kot Tov vypov TNG OLAO-
SovTiKi g oY LoUN G ExEl EQOPLOCOHET EKTETOUEVOL YLOL TV ovolln-
™omn BLoAoYLK®V SELKTAVY 0L G eTILOVTOL LLE TNV TTEPLOSOVTIKT
V660, yopic ®oTé00 Vo KaTtoAngel oty eEEMEN SLoyVOGTIKGY
SOKILOGLAOV TOV VoL UTTOPOHY EOKOAOL VOL EQOPLOGHOTVY GTNV KAL-
ViKn ©pdén. H tpwteopticty ovéAvomn eydAng kKAILoK oG, Tov
epoppudleton kupimg petd to 2010, Tpoceépel TNV duvortdTnTa
OVTUKEWLEVIKTG OVEALON G KO 0VOLyVAPLOT G TOAALTTADY TP -
TEvVAV o¢ delylota omd aochevelc e Sa@opeTIKT KAVIKY Te-
PLOBOVTLKT KATAGTOOT). ZKOTOC OLTMV TV TEXVIK®V elva M
oVoryvVepLom opddog oELomIeTOV PLOAOYLK®Y SELKTMV TOL O
UTOPOHV VOL X PNGUYLOTOINB0VV 0Tt TOVG KAIVIKONS, ApoV TP®-
T0L 0ELOA0YN 00UV KaTGAAN AL ikon eEeAyBOVV GE 0T, X OUNAOD
K6oTOLG epyaoTNpLokt dokiuocion. To uéypt GTUYUNG vpriLoL-
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Abstract

Proteomic analysis is the identification and quanti-
fication of all the proteins and their modifications
produced by a unicellular or a multicellular organism
at a specific time point of their cellular life. Proteomic
analysis can be very important in biological sciences,
regarding diagnosis, prognosis and treatment of
diseases, especially by guiding the discovery of new
drugs and the identification of biomarkers in
biological fluids or tissues. Proteomic analysis, in its
current form, has been accomplished due to techno-
logical developments such as mass spectrometry,
protein microarrays and bioinformatics. In Dentistry,
the search for biomarkers has covered three fields:
caries, periodontal disease and oral cancer. Analysis
of salivary and gingival crevicular fluid samples has
been extensively applied in order to identify such
biomarkers for periodontal disease, but only a limited
number of such chair side tests have been applied
to clinical praxis so far. Large-scale proteomic
analysis, applied mainly after 2010, can greatly
enhance these research efforts by means of an
objective and unbiased identification of proteins in
samples from different periodontal conditions. The
aim of these techniques is to identify a set of reliable
biomarkers which shall then be used by clinicians
after the proper validation and development of
convenient, low-cost techniques. Currently, a limited
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TOL OO TNV EPOPLLOYN TEYVIK®V TPWTEOUKT S 0LVEAVONG GL-
YKAIvOLuV 6TV droyn 6Tt, | TPOGEYYLoT QLTI B0 EVIGYVOEL O1-
LOVTLKE TNV €PEVLVOL Y10 TOV EVTOTLOUOS BLOAOYLK®V SELKTMOV
Y100 TNV TEPLOSOVTLKT VOGO, GTO GAALO KO TO VYPS TN 0LA0SO-
VTLKN G oxloung.

Heprodovioloyikd Avadexto 2011-2012, 22:31-44

AéEe1c KAe1OLG: TPOTEOULKT ovEAvom, froAoyikol delkteg, G-
Ao, VYPG 0VLAOSOVTIKNG GYLOUNG, TEPLOGOVTIKT VOGOC

Eigaywyn

0 6pog “mptémuo’” elvor GuVELOGUGE TV SPMV TPWTELYT Ko
YOVISimUOL KO OVOLPEPETOL GTO GVVOAO TV TPMTELVAOV TOV TTOL-
péryovTon amd €vo. GUYKEKPLUEVO OPYOVIGUS -KOrT” ovTioToryio
LLE TO YOVISI®ULOL TOV OVOLPEPETOL GTO GUVOAO TV YOVISL®V TOV.
O 6pog “mpwreopikn ovéAvon”, TPoTdeNnKe od Tov AVGTPUAS
yevetiot Marc Wilkins ko ypnowonoteiton petd to 1996 ko’
ovaAoyio e ToV 6po YOVISLOUOTLKT ovéAvon o elye LOALG
etooyOel oty PLpatoypogio (Wilkins kou gov. 1996 o, B). O 6pog
OVOUPEPETOL TNV CLVOLYVADPLOT] KO TOGOTLKY| EKTIUNGT OAWV TMV
TPWTEVOV, OAAA KOL TOV TPOTOTOLNUEVAOV LOPPMY TOVG, TO TTOL-
péryovtol omd €vo LoVOKHTTHPO 1 TOALKVTTOPO OPYOVIOUS GE
GLYKEKPULEVT Pdiom TG kuTTaptkiic {omg toug (Wilkins kon cuv.
1996 o, B). ZNUovTIKT SLOPOPE OVELES T GTNV 0VEAVOT TOV TPW-
TEMLLOTOG KOIL TOL YOVIOLWLATOG VO OPYOVIGLOV elvor OTL TO Oe¥-
TePO BEMPEITOL GYETIKA GTOTIKG, EVA TO TPOTEMLX, EVOS OPYCL-
Viopo¥ elvon 6e GuveyT| SUVOILKT KOTEOTOOT), OVEAOYOL LLE TOL
€peBloLLOTOL TNG GUYKEKPLEVTC YPOVIKTIG GTIYUNG.

Hrpwteopukti ovéAvon umopet vo moiéet onpov Tk poAo 6tnv
Iotpikny Emotiun, oe 6Tt opopd tnv Stéryvoon, Tpdyvmon oAAd:
Ko TNV Bepomeior aoOeveldv, 1310 TEPOL LEGM TNG CIVOKGAVYT G VE-
@V PopudKv. TIOAAG Véa pdpuaka eivor To idio TpmTtelveg 1y
£ ouv 6o 0TOY0 TPWTELVEG IOV o)eTi{oVToN Ue oioBéverec. EEGA-
A0V, 6TTWG B0 oVOALOEL GTNV GLVEXELDL, T TTPMOTEOULKT] CVEAVOT
Bempeiton TOAVTILO EPYOAELD YLoL TNV OV ALY BLOAOYLK®Y det-
KTV, 01 0moiot 6o umopohv e okpifeto vo Storyvadoouy 1 voL 6To-
dtomoicovv cuykekpyéves oicBévelec. Méypt onjuepa oty lo-
TPLKT] OAAG Kol 6TV OdovTIaTpLKh Alyeg omd TIg EPYOCGTNPLNL-
Ké¢ doxaoieg mov Bacilovon pévo og pio mpwteivn €xouv ormo-
devyOel afiomoteg (Loos xou Tjoa, 2005). Kotd cuvéneia, 1
TPWTEOULKT) OVEAVOT) LE TNV SLVOITHTNTOL TOL TPOGPEPEL, YLOL TNV
TOVTOYPOVT AVEAVOT) TOAAOTAMY TPWTELVAV, B0 GUVELGPEPEL
oty eEéMEN 0ELOTOTOV TETOLWY SOKILOGIAV. XOPOKTNPLOTL-
KO TOPEOELY L0 TETOL®Y TPOCTODELDV Elvan 0 KopKivog, dmov yi-
VOVTOL EKTETOUEVEC TPOCTIAOELES Y10, TOV TTPOGILOPLOUS BLoAoyt-
KoV SEIKTMV Tov Oa fonBricouy otnv €yxaipmn Sdyvwon oAAG
KoL TNV €EEMEN KMOTEAEGUOTIKMY BEPOTEVTIKMY SLOBSLKOGIAY.

MéeBobol npwteopikig avdaAuong

H mpmteoplik] ovGAvon €yLve EPLKTI| LE TNV CNUEPIVN TNG
Hop1| x&pn otic e voroyLkéc eEeAitelg (Pandey kot Mann 2000,
Aebersold kot Mann 2003).

number of such studies exist in literature and they all
suggest that this approach can assist in biomarker
research.
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Introduction

The term “proteome” is a combination of the terms
proteins and genome, and refers to the total of proteins
produced by a specific organism - like the term
genome which refers to the total of an organism’s
genes.

The term “proteomic analysis” was introduced in
literature by the Australian geneticist Marc Wilkins
in 1996, respectively to the term “genomic analysis”,
and refers to the identification and quantification of
all the proteins and their modifications produced
by a unicellular or a multicellular organism at a
specific time point of their cellular life (Wilkins et
al. 1996 a, b). An important difference between the
proteomic and genomic analysis of an organism is
that the latter is considered rather static, while the
proteome is constantly dynamic, depending on the
stimuli of the specific time point of analysis.

Proteomic analysis can be very important in
biological sciences, regarding diagnosis, prognosis
and also treatment of diseases, especially by guiding
the discovery of new drugs. Many new drugs are
proteins themselves or target-specific, disease-
associated proteins. Besides, as analyzed later in the
text, proteomic analysis is a valuable tool for the
discovery of biological markers which will be able
to identify and categorize various diseases in a specific
and sensitive way. So far in Medicine and Dentistry, a
confined number of laboratory tests based on a single
protein have been proven a reliable tool (Loos and Toja,
2005). Thus, proteomic analysis will greatly assist in
developing such tests by offering the possibility for the
simultaneous analysis of multiple proteins. An example
of this approach is cancer research, where a considerable
number of efforts target the identification of biomarkers
for early diagnosis and the development of effective
therapeutic procedures.

Techniques for Proteomic Analysis

Proteomic analysis, in its current form, has been
accomplished due to technological developments
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Evdelktikd, n pocpatopetpio paldv, ol pikpocvotolyies
TPWTELVOV kKo 1 BlomAnpoeopikn elval texvoroyieg Tov G-
VEBOAOY GTNV TPOTEOULKT] OVAALOT|, KEVOVTEC TNV évar dlo-
SpooTiKO Tedlo GUVEPYUGLOG TOAADY EMLGTNLOVIK®Y KAASWV.

H @aoportopetpio poldv eivor éva GHVOAO TEXVIKGV akptL-
Belog, Tov TPocEéPeEL TNV SLUVATHTNTOL CLVOLYVAPLONG KOl TTO-
GOTIKN G EKTIUNONG TPWTEIVAY G TOAVTAOK K BLodoyikd vypd
1 167100¢. Baoileton otov toviiopd otépmv 1 popimv kot tnv
KOTOLYPOLPT] TNG GYXETIKNG EVIAONG TOL LOVILKOU PEVLLOITOC TOV
oavtiotoryel 6to Adyo uallo mpog optio. Booikd ototyeio evog
QOOLATOUETPOL lval N INYNY TOV LGVT®V, 0 CVOALTHG LoLdV
KOL O OLVLYVEVTT|C TOV KOLTAYPOPEL TOV OPLOUS TV LOVIMV GTO
Adyo péillo mpog poptio. O avorvTig Loldv eivon To keviplkd
otolyelo TG TEXVIKNG Kol amop ot TeG 1010TNTEC TOV OEW-
POVVTOL T) VYNAT] SLOKPLTIKT 1KOVOTNTO, 1) ELOLGOMGLo Ko M
duvatdtnto vo topdryel LEYRAO oplOUd ooUET®V ord Bpord-
ouoto tentidiov. H pocuotopetpio poldv €xet ypnoyLomnot-
N0el o€ GLVIVOGUS [LE NAEKTPOPSPTIOT KOl TTLO TPOGPOLTOL, UE
VYPN xpouaToypopio VYNNG anddoone. H avoyvdpion tawv
QUOUATMV KOl GTT GLUVEXELD TMV TENTLOL WV KO TPWTEIVAOV ETL-
TUYYGvETOL OO ELOLKA, TOAVTAOK O AOYIoULKE. AKOAOVOOV-
vton cuvi0wg 600 Tpooceyyicelg: N Tpocéyyion “bottom up”,
OV oNUOivVEL avOGHVOEST] KO OVAYVAPLGT] TOV TPWOTEIVOV
o6 OpovouoTo TETTIdiWV Kot 1 TeXVIKY “top down”, Tov on-
HLodveL amoudvVmoT TV TPOTELVAV omtd To LelYLO TOVS GE €val
BloAoyik6 vypo Ko 0T GUVEXELD VEAVCT) TMV TEXTLO WV 06
To omoio omoTeAOVVTOL. Me Tig Te) VIKEG “top down”, Bempeiton
6T elvon mBov M andAelo dedopévav Kol OempoBvTon TAEOV
ALYOTEPO ELOUGONTEC. TN GUVEYELX, T OVOLYVAPLOT TOV TPO-
Tetvayv yiveton pe tnv Poridetor dtebvdv Baoemv dedopévamy, dmmg
Yoo mapddetypo m Péon UniprotKB/SwissProt (http://
WWW.Uniprot.org), 6tov 0 0ToloGdNToTE EPELVNTIG UITopel val
ovTLoTOoLY{oEL TOL EVPTLATAL TOL [E KOITOLYEY POULLEVES TP WTELVEG
ond AAAOVG EPEVVNTEG KO KOTE GUVETELDL VOL ODGEL GLYKE-
KPLUEVO VOO OTLG TPWTELVEG TOL owviyvevoe. To footkd Bri-
LorToL GG TEYVIKTIG TP MTEOULKTC 0vEALON S YN AN G amddoong
(«shotgun») e eQOPLLOYT VYPTIG Y POUATOYPUPIOG KO QOGO
toypopiog ualdv kou ovéivon “bottom-up” nopovcstdlovion
oynuoTikd oto Zynuoto 1 xon 2. Mikpocsvotolyieg mpoteivoy,
Kot avtiotolyio pe ekelveg Twv yovidiwv, elvol Likpéc ov-
OKEVEC TOV €Y OVV EMGTPWUEVT) TNV EMLPAVELE TOVG e OVGTLEG
TOV OVTLOPOVV OTOKAELOTLK G, LLE CUYKEKPIUEVEG TTPWOTELVEC ETL-
TPEMOVTOG TNV OLVOLYVOPLOT TOVC. OempoVVTOL X PTICLUES VLT
TOV TOTHYPOVO TPOGIOPLOUS TOAANTAMY TPWTELVAY, YEYOVOS
TOADTULO Y10l KAMVIKEG EQUPUOTEC. MELOVEKTNILOL TNG TEYVIKNG
elvor 6TL M VoY vepLom apopdl GLYKEKPLUEVEG TPWTELVES TTOV
€Y 0oVV TPOEMAEYEL G LEAT TOV UIKPOGVOTOLYLAV, OMOKAEL0-
VTOG TNV OVOLYVAOPLOT VEWDV, SUVITIKG GNUOVTIKEY TPWTELVAY,
oe éval KAMVIKO delypa (Zyfuo 3).

Ol Top OV TEYVIKEG TOV KOTOAT I YOLV 0NV e€orymymn e~
Y&A0L 6YKOL dedoUévmv, dev Bo LTopo VGV VoL elvor YPTiGULES
otV KMk TpdEn av dev vrootnpiloviay amd aviiotolyeg
e€elilelg otny PromAnpogopik, n omoio OewpdVTOG TO Blolo-

(Pandey and Mann 2000, Aebersold and Mann 2003).

Indicatively, mass spectrometry, protein microar-
rays and bioinformatics are techniques which have
greatly contributed to proteomic analysis, which is
considered an interactive sector for different scie-
ntific fields.

Mass Spectrometry (MS) is a family of precision
techniques offering the possibility to identify and
quantify proteins in complex biological fluids or
tissues. Mass spectrometry is based on the ionization
of atoms or molecules and the measuring of their mass-
to-charge ratios. The fundamental components of a
mass spectrometer are the ion source, the mass analyzer
and the detector which calculates the abundance of
each ion present. The mass analyzer is the core
component of the technique and must possess a high
discriminating ability, sensitivity and the capacity to
produce an expanded number of spectra from peptide
fragments. Mass spectrometry has been applied in
combination with gel electrophoresis and, more
recently, High Performance Liquid Chromatography
(HPLC). T he recognition of spectra and then peptides
and proteins is accomplished by means of a specialized
complex software. Two approaches for proteomic
analysis are usually applied: the approach termed
“bottom-up” referring to the recognition of proteins
from peptide fragments and the approach termed “top-
down” referring to the isolation of proteins from a
complex mixture and the analysis of peptide fragments.
“Top-down” techniques are currently considered less
sensitive. The recognition of proteins is accomplished
with the assistance of international free-access
databases such as, for example, UniprotKB/Swissprot
(http:/www.uniprot.org), where any researcher can
relate their findings with protein sequences already
deposited by other researchers in the database and
therefore identify them. The basic steps of a wide-
scale (“shotgun”), bottom-up proteomic analysis, using
HPLC, an Orbi-trap mass analyzer and software for
peptide and protein identification, are presented in
Figures 1 and 2.

Protein microarrays, like gene microarrays, are
small devices whose surfaces are covered with
substances which react only with specific proteins
allowing for their recognition. Protein microarrays
are considered valuable for the simultaneous
recognition of multiple proteins and therefore can be
very useful in clinical praxis. A disadvantage of the
technique is that protein recognition covers only
proteins pre-selected as components of the microarray,
thus excluding the possibility of identifying new
potentially important proteins in a clinical sample
(Figure 3).
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Iyfuro 2: EEeAryuéveg teyvoloyieg Yo TpmTeo-
pikn ovédvon. YyniAng amddoomng vypn xpoLo-
TOYPOPLOL GE GUVOVOOUS LLE GOCLLOTOUETPTO, LLOot-
{adv. 210 €vOeTO, POTOYPOLPLO TOVL CLVOAVTY| Ot~
Cdv Orbitrap®. I[Iny1: Computer-Aided Systems
Laboratory, Department of Chemical and Biological

Ewkévo 1: Mikpocuototyieg Tpmteivdv o tnv aviyvevon Kop-

Kivou moOnKdv.

A. Mikpoovototyio mov mepiéyet 5.005 tpwteiveg GST

B. Meyé0uvon meploy1ic Tng mov €xel ETMACTEL e OVTLGDULOTOL
ovTi-GST

T". Tleproy1 oL €Yel ENWOGTEL LLe 0pS AGBEVMV LE KOpKivo 0N KmV

A. TIeproym mov €xel ENWOOTEL LE OPO VYLDV YOVOLK®OV

TMopotnpeiton SLoPoPETIKOY OPUKTNPLOTIKS «TPOPIA» TPOTELVOV

Emtpenduevn avadnuocicvon andé Hudson ko cuv. (2007)

Figure 1: Protein microarrays to detect ovarian cancer.

A. Microarray containing 5.005 GST proteins.

B. Magnification of an area probed with specific anti-GST antibodies
C. Area probed with serum from ovarian cancer patients

D. Area probed with serum from healthy women

A different profile can be observed.

Allowed reproduction from Hudson et al. (2007)
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Figure 2: Advances in high-throughput experi-

mentation. High-performance liquid chromatography (HPLC) coupled with tandem mass spectrometry (MS/MS). A photograph
of an Orbitrap® mass analyzer is also included. Source: Computer-Aided Systems Laboratory, Department of Chemical

and Biological Engineering, Princeton University

vuké dedopéva (DNA, RNA, TPpmTELVES) W YNPLOKT TAT|POQO-
pla, epopudlel ovvBeTOoLE AyopiBUovg Yo TNV eneEepyacio
TOVG KO TNV eE0ywyn) CUUTEPOCUAT®Y e ATOdOTIKS TPpSTO.

BioAoyikoi 6eikteg atnv OBovtiatpiki (latpikr)

Qg Broroyikdg detktng opileton Evo yopokTnpLoTiKd TOL £i-
VOIL OV TUKELLEVIK G LETPTIGLLO KO EKTILE QUOTOAOYLKEG KO T00L-
BoroylKéc Sodikocieg ) TNV QOPUOKOAOYLKT OVTOMOKPLOT) GE
Oepamevtikéc mopepPfdoetg (Biomarkers Definition Group, 2011).
E&’ opiopo® ot froroyikot deikteg elvor ToAOTILOL YioL TNV
€yKoupn Sdyvwon, TpoéyvaooT dAAG Ko Yo, Tov EAEYYO0 TNG EML-
Toyiog oG BepomevTikiig orywync.

The above-mentioned techniques which generate
a substantial number of data could not have been
useful for clinical applications without the parallel
developments in Bioinformatics, a scientific field
which, by considering biological data (DNA, RNA,
proteins) as digital information and applying complex
algorithms, can effectively extrapolate conclusions.

Biomarkers in Dentistry

A biomarker or biological marker is in general a
substance used as an indicator of a biological state.
It is an attribute that is objectively measured and
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Iyfuo 3: Tlpwteopkn ovéAvon tomov “Bottom
Up” e pooportopetpio paloc. Avoryvepion Kot
TOGOTIKN EKTIUNOT TPOTELVAY KOl TETTIO®V.
Imyn: Computer-Aided Systems Laboratory, De-
partment of Chemical and Biological Engineering,
Princeton University.

s | Figure 3: “Bottom Up” Mass Spectrometry (MS)

Proteomics: Peptide and Protein Identification
and Quantification via Mass Spectrometry. Source:
Computer-Aided Systems Laboratory, Department
of Chemical and Biological Engineering,
Princeton University.

Tuykekpiuéva, ol Broloyikol delkteg UmopoHv vo Kot yo-
pLomoinBovv o £ SLoPoPETIKOVE TVTTOVG KO VUL X PT|CLLO-
nomBovV yo Tig eEfg Aettovpyieg:

1. 'EyKoipn ovoryvapilon Hiog (GUYKEKPLUEVNC) VOGOV.

2. Aldyvoon tapovciog 1 amovsiog Hog vosov.

3. Ipdyvwon g mopeiog Tne vésov kot whovri opodonoi-

oM TOV 0LGOEVAV LE GKOTO GUYKEKPLUEVES OEPOTEVTL-
KEC oy mYEC.
4. TIp6PAeymM TV BEPOTEVLTIKOV OTOTEAEGLLOTOG

5. Avoyvapiomn Tev aeBevdv mov o ovTomokploovV Kol

o€ ouYKeKPLLEV Bepameio

6. EvoAloxtikol delkteg otn B€om tng kMvikig e€étaong

Yo TNV ANEN HLog BEPOTEVTIKTG 0Ly WY
(Biomarkers Definition Group, 2011)

XopaKTNPLoTIKO TOPASELYILOL OO TEAEGLLOTIKOV BLOAOYIKOV
deiktn eivon 1o PSA (Prostate Specific Antigen) piog Tpmteiving
7oL avoryvopilel éykoipo Tov TposTaTikd KopKivo Pe evot-
oonoio Ko e1dtkoTNTO KoL £ EL SEOVAG ELPVTATN SLOLYVOOTL-
K1 xprion. AAlo a&léroyo Topdderyuo eivor o yovidiokog EAey-
YOG Y10 TOAVLLOP PLGLOVE T®V YOVISi®VY TOL KWILKOTOL0UV d100
nrotikd éviupo 6to KuTdy pwpa P-450, o omoio petaBoAilovv
QGpLoKo OTMG Yo TapAdeLyLe TNV Bapeapivn. O yovidio-
KOG EAEYY0C 0LTOC TOL LVl EYKEKPILEVOC GOV SLOLYVAOOTIKG
test (AmpliChip®, Roche) propei va Bonoricet tov kAiviké dei-
AVOVTAG TOL UE TOL0 pLOUS KAOE GUYKEKPIUEVOS OLGOEVI G -
TofoAilel TO CLYKEKPUEVO PAPLLOLKO KO VoL pLOUTGEL KOITAL GU-
VETELOL TNV CWOTH SOGOAOYIOL VIO OTOTEAEGULOTLKT) Spdiom, X mpic
TOPEVEPYELEG. AAADL Y OPOKTNPLOTIKE TapadeiyILortal, opopovv
YOVIdLOKOVG EAEYYOVE YO, TOV KapKivo Tov paotov. Extdg omd
ToV €Aeyy0 Yo LeTHAAGEELG TV Yovidimv BRCA 1 ko BRCA 2
OV YPMNOLULOTOLEITON GAO KOl GLYVETEPT AGYW® TNG TPOYVM-
otikng Tov aéilog yio kiveuvo avantuéng kopkivov Tov to-
G700, €rovv TAéov eYKPLOEl YOVISLOKEG EPYOGTNPLOKES DOKL-
pooieg (OncotypeDx®, MammaPrint®) nov fon6ovv 6tov Ko-

evaluated as an indicator of normal biological proces-
ses, pathogenic processes or pharmacologic responses
to a therapeutic intervention (Biomarkers Definition
Group, 2011).

By definition, biomarkers are valuable for the early
diagnosis, prognosis and evaluation of the outcomes
of a specific treatment modality.

Specifically, biomarkers can be categorized in six
different types and applied to the following processes:

1. Early diagnosis of a disease.

2. Diagnosis of the presence or absence of a
disease.

3. Prognosis of disease progression and possible
stratification of patients in order to apply a
specialized treatment.

4. Prediction of a treatment outcome.

5. Identification of patients who will respond to
treatment.

6. “Surrogate” markers instead of clinical evalua-
tion for the cessation of treatment
(Biomarkers Definition Group, 2011)

A characteristic example of an effective biomarker
is PSA (Prostate Specific Antigen), a protein which
effectively identifies prostate cancer in a specific and
sensitive way and is widely applied in clinical praxis.
Another example is the genomic test for polymorphisms
in the genes, encoding two liver enzymes in cytochrome
P-450 which metabolize drugs like warfarin. This genetic
test is approved under the name Amplichip ® (Roche)
and can guide clinicians by showing the rate of drug
metabolism for each specific patient. Therefore, the
clinician can regulate the correct drug dose in order to
achieve effectiveness without side effects. Besides
genetic testing for the presence of mutations of two
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Bopiond TG TPEYVOON S GLYKEKPLUEVAV TUT®V KopKivov Tou
LOlGTOV, TOL 0QEAOVG OT6 TNV (M UELOBEPOTElDL KO TOV KIVOD-
VOV VOTPOTHG (Amur kKou ouvv. 2008).

Ftnv Odovtiotpikn, ot Brodoyikol deiktec éxovv avalnn-
0el oe Tpla kupiome medio: Tnv TepndOvoL, TNV TEPLOSOVTIKT| VO-
GO KOl TOV KapKivo TNg GTOUOTIKT G KOIAGTNTOG. TNV GUVE-
YELOL TOV KeELEVOL Oa eoTiaoBoVLEe oty ovollritnon Proroyt-
KOV SELKTMOV TOL 0LPpopOovY TNV TEPLOSOVTLKT VOGO UEGH TP M-
TEOULKTG OLVAAVOT G GTO GEALO KL TO VYPS TNG OVAOSOVTIKTG

Gylopnc.

Mpwteopiki avdAuan oto adAio

To céiho Tpocpépeton 1doitepa g frodoyikd vypéd yio do-
yvootikn gprion (Giannobile ko cuv. 2009) Adym TN evKoAiaG
GVAAOYNG ToV. EEGALOV, elvarl YVWOTO GTL OV Ko Topdyeton
ond TNV TapwTida, TOVE LIOYVEBLOVE KO TOVG VTOYAMGGL-
0VC 0OEVEC, TEPIAOLLPBAVEL GLGTUTIKE TOV 0POV KO GE LLKPO-
Tepo PabUd, TOL VYPOV TN oVAOSOVTIKNG oYloUT|C. Kartd ov-
VETELOL TO GEAL0 UTOpEl, SUVNTIKE, VoL TEPLEYEL GLOTATIKG TTOV
BonBovv o1t diéryvwon Kot GAA®Y GUGTNUATIKEY VOS®V. [Tpdry-
pott, petd to 2000 vdpyovy TOAAATAESG avoLpopEg oMV dle-
ov1| BLpAoypoapio mov dev 0ipopoHV Lévo 6Ty OdOVTIOTPLKT
(TTivoxog 1). 'Hon n xp1rion Tov GAALOL Y10 EAEYYOVGE TOV OLPO-
povv Tov 16 HIV, Ta eninedo Stopbpmv gopuixmy 1 Tng KoTt-
vivng o KamvioTég, Bewpeiton cov 0EIGTIGTO KoL EVYPTNOTO £p-
yoAeio mov dev amontel eEedikevpévo LoTpkd Tpocwmikd (Zhang
Kot ovv. 2009 a, B).

H mpoteotkn} avéAvon tov 6EAL0L U TIG GOYYPOVES, 101-
odtepo okp1Peic ey voroyieg dnwg meprypdionKov Topondve,
€dmwoe TepdioTio dOMon oty ovalTnomn ProAoytkdyv detktdv
OV OLPOPOVY KO GE OLGOEVELEC EKTOC GTOUOTIKN G KOIAGTNTOG
OTMG 0 COKYOPBING SLaPrTNG KO VTOGVOCO GLGTNLOTLKE
voonrjuato. 'HoM, Bpioketor oe e£EMEN 1 dnovpyio Tov ov-
OpOTLVOL TPWTEDUATOG TOV GAALOV, INAXIT Hiog Béiong dOe-
douévmv Tov 8o tePAoUBEVEL GAEC TIC TPWTELVEC TOV GAALOV
oty vyelo oAAG kol oe ddpopeg acBéveleg (http://
www.skb.ucla.edu). Zxondg orvTo0 TOL TPOYPEULOTOS TOV X PN
portodoteiton omd to EOvikd Ivotitovto Yyelog twv HILA. -
VoL 0Py LK. O EVTOTLIGULAS BLOAOYIK@Y SELKTAV Yol TNV TEPT O6-
Val, TNV TEPLOSOVTLKT VOGO KOl TOV GTOUOTIKS KapKivo, Ko
o1 cuvéyeto n eEEMEN StoryvmoTtiko® Te0T TOL Oor Uropet e
YOUNAS KOOTOC, EvOLGONGio KoL E01KOTNTO VOL oLVl yvwpicet
OTEC TIC 0LOBEVELEC. TTT LEYAAVTEPT] LEAETT IOV TEPLYPLLPEL
TO TPWTEMUD, TOV GEALOV €YoV ovaryvwploOel 2340 dtapope-
TIKég TpWTELVEG eV VIoAOYileTon 6TL T0 20% omd avTég elvon
KOWVEG e ekelveg mov avoryvmpilovton otov op6 (Badanakhavi
Ko ovv. 2009).

O op1OUSG TV LEAETHOV LLE TPWOTEOULKT| OVHALGT], TTOL CLPO-
pé v ovalritnomn Plodoyikdv SElKT@Y Yo TNV TEPLOSOVTIKT
v6G0 610 GGAL0, elvarl HEPL OTIYUNG. ZTIG TEPLOGOTEPES amd
QVTEC eV EYOVV EQUPLLOGOEL 01 VEDTEPEG TTPWTEOLLKEG TEYVIKEG
VYMANG ombGd00mM ¢ TVTOL “shotgun” Ko avopépouvv mepLopt-
OUEVeC BLoPopEG LETOED TNG TEPLOBOVTIKTIG VYELOG KoL TNG TTe-

genes, BRCA 1 and BRCA 2, which is increasingly
used due to its prognostic value for breast cancer, two
other tests are currently available in the market
(OncotypeDx ®, MammaPrint ®), which can assistin
defining the prognosis of specific types of breast cancer,
benefits from chemotherapy and the risk of cancer
recurrence (Amur et al. 2008).

In Dentistry, the search for biomarkers has covered
three fields: caries, periodontal disease and oral
cancer. In the present text, we shall focus on the
investigation of biomarkers for periodontal disease
by means of the proteomic analysis of saliva and
gingival crevicular fluid.

Proteomic Analysis in Saliva

Saliva is particularly suitable as a biological fluid
for diagnostic applications due to its convenient
collection (Giannobile et al. 2009). Besides, it is well
known that, although saliva is mainly a product of
the parotid, the submandibular and sublingual glands,
it includes components of serum and, to a lesser
extent, of gingival crevicular fluid. Therefore, saliva
can potentially contain substances that assist in
diagnosing other systemic diseases. Since 2000, there
has been a substantial number of references available
in literature, which do not refer exclusively to
Dentistry (Table 1). The use of saliva in tests for HIV
infection, the levels of various medications or cotinine
in smokers is considered a reliable and easy-touse
test not requiring specialized medical personnel
(Zhang et al. 2009 a, b).

Proteomic analysis of saliva, together with the
currently available contemporary high precision
“shotgun” techniques described above, has greatly
reinforced research related to biomarkers in saliva
not only connected to diseases of the oral cavity but
to systemic diseases as well, like Sjogrens disease
or diabetes mellitus.

The mapping of human salivary proteome, i.e. a
comprehensive database including all salivary
proteins in health or diseases, is already under way
(http://www.skb.ucla.edu).

The final aim of this project, which is financed by
the National Institutes of Health in the U.S., is the
identification of biomarkers for caries, periodontal
disease and oral cancer and, thereafter, the development
of diagnostic tests which can identify these diseases at
a low cost but in a highly specific and sensitive way.
In the most extensive study describing the human
salivary proteome so far, 2,340 different proteins have
been identified, 20% of which are the same as the
proteins identified in serum (Badanakhavi et al. 2009).
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Mivakag 1. AlayvwoTIKEG EPAPHOYEG TOU adAlou

Kopxivog paotov (Arellano xon cuv. 2009, Streckfus ko ouv. 2009)

Hrotitido C (Elsana ko ouvv. 2008, 2009)
Aoluwén HIV (Hodinka kot cuv. 1998)

>Hvopopo Sjogren (Hu kot cuv. 2009)

KaBopiopdg emmédwv oplovay 6nme oleTpadldAn, Tpoyectepdvn, KopTlLOAN, tTe6Tt00TEPOVN (Groschl, 1998)

[Mopovcio amoryopeLUEVOV 0VGLMV OTMG KoKV, Leboppetopives, omovy o (Zhang kon cuv. 2009)

I1poGdloplodc eMmESMY OPUAK®Y OTOG dyo&ivn, ueboddvn (Zhang ko cuv. 2009)

Table 1. Applications of saliva diagnostics

Breast Cancer (Arellano et al. 2009, Streckfus 2009)
Hepatitis C (Elsana et al. 2008, 2009)
HIV infection (Hodinka et al. 1998)

Sjogren’s syndrome (Hu et al.2009)

Determination of hormone levels (estradiol, progesterone, cortisol, testosterone) (Groschl, 1998)

Detection of prohibited substances (cocaine, methamphetamines, opioids) (Zhang et al. 2009)

Determination of levels of drugs (digoxin, methadone) (Zhang et al. 2009)

prodovtikng vécov (Wu kot cuv. 2009, Haigh xon cuv. 2010,
Goncalves xou ovv. 2010, 2012, Loo kot ouv. 2010). Av Ko 1) GOA-
AOY TOL GEALOV TTPOCPEPEL TOL TAEOVEKTILOLTOL TOV TPOOLVOL-
@éPON KOV KoL ETOUEVAG ETVOL KOTEAATNAO KoL YLoL LEYSAEG ETTL-
dnuoloyikég ueAéteg, GTAGO TO VYPOS TNS OVAOSOVTLKTC G)L-
oG mopéxel TANPEGTEPEG TANPOPOPIeg GE OTL QLPOPE. TO TE-
p10d0ovTLKS TEPIPEALOV KO LAAGTO YI0. GLYKEKPLUEVOL OCTLLET DL
TePLodoVTIKN G TpocPortic. EEGALov, N Broymueic Tov GEAL0V
etvon 1dtaitepo TOAVTAOKT Ko emnpedleton omd meptfoiio-
VLKA 1| /xon yoyoroyikd epebicpata (Chapple 2009). Kortd 6v-
VERELO, TO VYPO TNG OLAOSOVTIKTC GYLIGUTC TAP& TO CLYKPL-
TIKG LELOVEKTALLOLTOL GTNV GUAAOYT| TOV, GE GYEOT LLE TO GAALO,
Topoével oTadepd To Bloroyikd vYpo exAoYTC o€ Tl 0LpopdL
TIG LEAETEG TV TEPLOSOVTIK®V VOGMV.

Onwe Tpoovaeépinke, oTIg TEPLOCOTEPES OO TLG LEAETEC
Y10 TNV TEPLOGOVTLKT VOGO, LLE TPWTEOLLKT] AVEALOT) GTO GG~
A0, dev ypnouono ko Héypt GTILEPOL 01 TEXVIKEG VYNNG
oanddoong («shotgun») Tov 110M xpnoponotenKay Y10 To VYPO
NG OVAOSOVTIKNG OYLOUNC. T TPOCOUTN UEAETN LE EQOPLLO-
Y CVTAV TOV TEXVIKDV, aviyvevdnkoy 344 TpwTeiveg 6T0 GG
A0 TEPLOBOVTLKE, VYL®OV HTOUOV KO OGOEVAV e TEPLOJOVTI-
o0 omd T1g omoieg 20 mopovoiolav 1.5 popd peyodvtepn cv-
YKEVTPMOOT GTOVG TEPLOdOVTIKOVC 0iGOeveic kou elvorn voy-
oot Broroyixoi delktec. Te uTég evielKTIK G TepLAaPévovTon
0VG1EC YVOOTEG YLOL TNV CULLETO) T TOVG GTNV QAEYLOVH OTw¢

A limited number of studies applying proteomic
analysis exist in literature regarding the identification
of biomarkers for periodontal disease in saliva. In
most of these studies, newer “shotgun” approaches
have not been applied and their findings regarding
differences between periodontal health and disease
remain rather inconclusive (Wu et al. 2009, Haigh
et al. 2010, Goncalves et al. 2010, 2012, Loo et al. 2010).
Although saliva has the previously mentioned
advantages of easy collection and handling, and might
thus be suitable for large-scale epidemiological
studies, gingival crevicular fluid offers more compre-
hensive information regarding the periodontal
environment which can be site-specific.

Besides, salivary biochemistry is extremely
complex and can be affected by environmental and/or
psychological stimuli (Chapple 2009). T herefore, the
gingival crevicular fluid remains the biological fluid
of choice for studies of periodontal disease.

As previously mentioned, in most periodontal
diseaseassociated studies in saliva using proteomic
analysis, high-throughput “shotgun” approaches
already applied in gingival crevicular fluid research
have not been used yet. In a recent study, 344 proteins
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Ol LETOALOTPWTELVAGEC TNG EEWKVTTAPLOG 0Voiog MMP-8 Ko
MMP-9, 10 6VGTATLKS TOV GUUTANP®OULOTOS C3 Kot M o-2 Lot
Kpoo@oupivn evd GALeG TPWTEIVEG OTMC 1 KEPOVAOTACGIVT,
M TA0oTIVN-2, 1 TPOPIALIVT-1 KoL 1) AOKTOTPOVGOEPAOT TITOLV
UEXPL OTLYUI G TEPLOPLOUEVOL EVILOPEPOVTOG GTNV EPELVOL TMV
TePLOdoVTIKAY véowv (Salazar kot cuv. 2013).

Mpwteopiki avaAuon oto uypo
TG ouAobovtikAg oxIopAg

H avalitnon Bloloytkdv SeLKTdy 1o TNV TEPLodovVTLKT| VE-
GO GTO VYPO TNG OLAOSOVTIKT G GYIGUNG, Elvor omd T Tedia
ue tnv mhovoidtepn PLpitoypapio oty Ieprodovioroyic, 1M
ord v dekoetio tov 1980. O ovoryvdGTNG TOPUTEUTETOL GE
EUTEPLOTATMUEVES PLRALOYPOQLKEC CVOLGKOTNGELG TTOV CL(PO-
povV TNV avolTnomn SoyveosTIKGY Kol TPOYVOOTIK®Y del-
KTMOV 6T0 VYO TG 0LA0SOVTIKNG oY toun ¢ (Champagne kot Guv.
2003, Heitz - Mayfield, Loos & Toja 2005, Lamster & Ahlo 2007,
Buduneli & Kinane 2011). H evkoAiic. GUAALOYHG TOL delyLaTog
UE oTpaupaTiKy LeBodoroyia ko To Yeyoveg OTL TEPLEYEL GL-
GTOTLKA TOV 0pOY, TV TEPLOSOVTIKEAV 1GTAV KOL TOL VTOOV-
Mxo0 Brovpeviov eivon peptkd omd ToL GNUOVTIKG TAEOVEKTH -
notd tov. Méypt to 2005, éyovv afloroynOet tovAdyiotov 90
TETOL01 OEIKTEG, OTMG Y10l TP ALOELY LD SLAPOPES KVTAPOKIVEC,
TPOTEOAVTIKG EvEva, TpoiévTa LeTafoAlcot Boktnpimv 1
TPOLOVTOL OLTTOSOUT GG TV TEPLOSOVTIK®V 10TAV. EXTILOVTOG
To avtioTory o dedopéva TpokHITeL GTL TNV Lo oELGA0Y TEK-
unpiwon eoivovton vo €(ouV avVEUEGO TOVG T CAKOALKT Q-
cpatdon, n B-yAvkovpoviddon kou n Kobeyivn-B pe >77%
oxpifelo otV Tpdyvoon LEALOVTIKHG TEPLOSOVTIKNG KOTH-
OTPOPNG, eV 01 MMP-8 k011-9, 1) EA0GTEOT TMV 0VIETEPOPIA®Y
Ko ot SimenTidVA-TenTIddoeg I ko IV goiveton va cvoyeti-
Covtou pe v mopovcio /ot e€EMEN TG véoov (Loos kou Tjoa
2005, Chapple 2009).

Q01660, EMi16TOL O CLTOVE TOVE TLOOVOHG delKTEC EYOVV
©0dioeL 6TNV KON UePIVY TPAEN LLE TNV LOPOT KETOLHG TUTO-
TOIMUEVN S SLory VOO TIKT G SoKIOGTaG 1] KAmoLog e pNoTNG €p-
YOO TN PLOKTG OVEAVOTG EVA KOIL 01 OMOWELG TV KAVIKHOV TPOG
TO TOPOV TOPUUEVOVV AyVmGeTeC. EEGALOL 1 -UéYpL OTIYUC-
oduvopio Pdg LOVadKNG TPWTELVNG VL AELTOVPYNOEL LEVN TNG
®G OYVMOTIKAG 1] TPOYVMOGTIKAOG Ol TNG YLOL TNV TEPLOSOVTL-
K1 VOG0, VTTOSELKVVEL TNV OLVEYKT) OVOLYVAPLOT G TTOAANTADY
TPOTELVAOV TOV Bt AeLTovp YoV 68 GuVILOGUS, Go oELdTLGTOG
Broroyidg deiktng. Newrtepeg ey voroyiec, Snmg ovocsoloytkol
TPOCdLopLopol LeyGANG KMok oG (T.). Tex VKT Luminex) kot
voy SuvoTh TNV TVTOYPOVN VEALGT TTOAACTAMDY BLOAOYIKDY
SelyUdTV Yo ToV EVIOTIGUO TOAANTAMY TPOTELVEV-BLodoyt-
KoV de1kTdv. To evpfinota Tov peretdv emPefoimcoy tnv
oVEyKN TPOCSLOPLGHOD TOAAOTAMY PLOAOYLKEOV SELKTMV, Ko
0L eVOC, Y1oL TNV SLEKPLOT TNG TEPLOSOVTIKNG LYELOG OTd TNV
v660, e axpifr| tpémo (Offenbacher kon cuv. 2010, Teles ko
cuv. 2010).

Avtifeto, N TpmTeEOULKT ovdAvoT divel tnv duvatdtnTo T
OVTIKELUEVIKT G 0ELOAGYNONG TV GLGTATIKOV TOL VYPOV TNG

were identified in the saliva of periodontally healthy
or diseased subjects by applying such techniques. 20
of those were present at levels 1.5 times higher in
periodontitis patients and can therefore be considered
as candidate saliva biomarkers for periodontal disease.
Among them, indicatively, proteins known for their
involvement in inflammation such as the extracellular
matrix metalloptoteinases MMP-8 and -9, complement
component C3 and a-2 macroglobulin are included,
while other proteins such as ceruloplasmin, plastin-
2, profilin-1 and lactotransferase have not been
previously widely investigated for the diagnosis of
periodontal disease (Salazar et al. 2013).

Proteomic Analysis of Gingival
Crevicular Fluid

Research for biomarkers regarding periodontal
disease in gingival crevicular fluid (GCF) is one of the
fields in Periodontology with the richest literature since
the 1980s. The reader is referred to well-documented
relevant literature reviews (Champagne et al. 2003,
Heitz -Mayfield, Loos & Toja 2005, Lamster & Ahlo
2007, Buduneli & Kinane 2011).The easy collection
in a non-traumatic methodology, and the fact that it
contains components of serum, periodontal tissues
and the subgingival biofilm are some of the advantages
of GCE Up to 2005, at least 90 such biomarkers have
been evaluated, including various cytokines,
proteolytic enzymes and products of bacterial
metabolism or by-products of periodontal tissue
destruction. The evaluation of relevant data has
demonstrated that among these potential biomarkers,
alkaline phosphatase, b-glucoronidase and cathepsin-
B can offer over 77% precision in predicting periodontal
destruction, while MMP-8, MMP-9, neutrophil elastase
and dipeptidyl-peptidases I and IV appear to correlate
with the presence and/or activity of periodontal disease
(Loos and T joa 2005, Chapple 2009).

However, very few of these potential biomarkers
have been applied to clinical practice as diagnostic
chair side kits or as convenient laboratory assays, and
the attitude of clinicians towards already existing tests
is currently unknown. Besides, the inability of a single
protein to act as a diagnostic or prognostic biomarker
for periodontal disease suggests that multiple such
proteins should be identified which, when combined,
can act as a reliable biomarker. More recent
technologies, like highthroughput immunological
assays (e.g. Luminex) have made the simultaneous
analysis of multiple biological samples for more
proteins-potential biomarkers feasible. Findings from
relevant studies have also suggested the need for the
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0VAOBOVTIKN G OYLOUN G OC PLOAOYLK®V SELKTMV, YLOTi deV OLTToiL-
Tel TPOEMAOYT| 0Tt TOVE EPEVVNTEC TWV TPWTELVAOV OV Ot ee-
T0.6000V, AAG ovoryvopilel pe axpifeto - avaAoyo QuotKkd Le
TNV SLOKPLTIKT LKOVOTNTO TNG EPapLolOuevng texviknig - Ao
TO TPWTELVIKG TTEPLEYGLLEVO TOV PLoA0YLKOV delyloToC.

Ttnv [eprodovioroyio, TEYVIKES TPWTEOULKNG OVAALONG
elyav apyLkd xpnoLULOTOLN el Y100 TOV EVIOTIGUS GLYKEKPL-
HEVOV TPMTELVOV, 0TS 01 VIEPEVOIVES. TNV GUVEXELX, EQOP-
LOcOM KOV TEYVIKEG POCLOTOUETPIOG GE GLVOVOGUS e dLo-
SLéoTaTn NAEKTPOPSPMNON TOL SLOBETOVY LEYOAVTEPT) SLOKPL-
iK1 tkovoTN T Ko LeTd To 2010 e VIKEC TPMTEOUKTIG OVAL-
Avong peyding kAipoxag (“shotgun approaches”). Ot pehéteg
QVTEG LPOPOVOOLY GLITOLLOL LLE TTEPLOdOVTIKT LYela, GVUYKpLoM
oo0evdy e xpovia 1 eMBETIKT TEPLOSOVTITION KO TEPLOBO-
VTN vyeio, 0AAG Ko TIG LETOPOAES TOL TPWTEDLOTOS GTO VYPO
NG OVAOSOVTIKN G GYLOUNG OE LOVTEAO TELPOULOLTIKTIC OVALTL-
da¢ (Bostanci ko cuv. 2010, 2013, Grant kou cuv. 2010, Carneiro
Ko ovv. 2012, Baliban kou cvuv. 2012, 2013). Kowvé onpeio twv
TOPOTEV® LEAETMV ELVOL 1] CVOLYVOPLOT LEYEAOL CPLOLLOD TP ®-
TEIVAY ovOpdOTLYN G 0AAG Ko oK T plokT|C TPOEAELONG GTO
VYPO TNG OVAOSOVTIKNG OYLOUNC, OO TG OTOieg TOAAEC OLvOL-
YVOPIGTN KOV Y10 TP@TN QOPE. XOPOKTNPLOTIKE EVPTILOTO OTd
TG awvtioTolyeg peAéteg mopovotdlovon otov Iivoko 2.

"Evo £0A0Y0 EPpMTNLLOL Y10 TOV KAVIKS 080vTiOTpo elvor Tmg
0o Ntav duvatdv vo, aglomoin el crvTdg 0 TEPEOTIOC OPLOUSC
ototyelmv Kot SeSOUEVOV TTOV TPOKVTTEL O QLVTEG TIG VYN ALG
OVOAVCELSG, OTIWE Y10 TOPESELYLOL, TTOGEG KO TTOLEG L6 TLG TP -
telveg éxovv kKMvikn atio wg Bloloyikoi deikteg. 1o onueio
QTS VIELGEPYETOL T) BLOTANPOQOPLKT M OTTOi0L, X PN CULOTOLM-
VTOG oveTep o LoBmuortiicd ko eEeAiccovTog ol yopiBovg ko
AOYIOULIKG KOTOAT|YEL GE GUYKEKPUEVO GLUTEPAGLLOTO. O GKO-
T6¢ EEGALOL OLLTOV TOV TVTTOL TV UEAETMV EIVOL VOLEVTOTILOBET
évog LKpog opBudg mpmteivdlv Tov 6e GLVILVAGUS B Aet-
TOVPYOVV Gav 0ELOTLOTOL SETKTEG. ETN GUVEYELD, OLPOV EVTO-
o0l vt M opédO TP WTEILVADY Bl mopel vou oviyvevETOL GTO
VYPO NG OVAOSOVTIKNG OXIOUTS, Ol amapaitnTo e VYNATG
TEYVOYVOOLOG TPWTEOULKT] AVAAVOT OAAR LLE OTOLa O TOTE
TeXVIKN Tpooépel akpifela, evkoAla Ko Y oUnAd K6GTOG Yo
MV KAWIKNT €@aproyn (ZxMuo 4). XopoKTnploTike ovoes-
POVLLE TO TOPASELYLOL TV LEAETMOV T®V Baliban xon cuvepyo-
TV (2012, 2013). T11ig LEAETEG QLLTEG EYLVE TPOCTAOELOL EVTOTIL-
GOV BLOAOYIK®Y SELKTMV TOL O Slakpivouy LEG® TOL LYPOV
TNG 0LAOSOVTIKT G GYLOWN|G, GITOLLO TOL EIVOL TTEPLOBOVTLKE VYT
omd aobeveic e ypoévio teptodovtitida. Metd and avaAvon
TV delyLdTov Le pocuatopeTpio pdloc n avoyvdpion Tov
TPOTELVAV EYLVe e TO e181KS AoYIoULKS ToL €xel ovamTuyOel
o670 Epyootrplo Xnuikov Mnyovik®dv Kou Blopnyovikmg tou
IMovemotnuiov tov Princeton (Baliban ko ouv. 2010). 11 6v-
véyero dnuovpyrtnke GLYKeKPLEVO LaBNULOTLKS LOVTEAD IOV
ovoryvaptie cuvILHOUS TPOTEIVAOV TOL ELEOVILETONL OTOKAEL-
OTIKG Ko LOVO GTOL ATOLLO, LLE TTEPLodOVTIKT VYelo 1) T TTEPL-
oToTiK G X pdviog TeplodovTiTidos. Me To Lobnuortikd LovTéAo
oTd, evtonicdnkow 7 avOpdmveg Ko 3 BokTnplokés mpmTeELlveg

identification of multiple and not single biomarkers,
which can discriminate periodontal health from
disease in a highly sensitive and specific way
(Offenbacher et al. 2010, Teles et al. 2010).

Proteomic analysis offers by definition the pos-
sibility of a more objective evaluation of components
of GCF as biomarkers, since the pre-selection of
proteins to be investigated by researchers is not required
and the outcomes of the analysis depend solely on the
discriminating ability of the applied technique.

In Periodontology, proteomic analysis in GCF has
been originally applied in order to identify specific
proteins, such as the defensins. Mass spectrometry
techniques combined with two-dimensional gel
electrophoresis which offer enhanced analytical
propetties have been applied later; followed by the large-
scale “shotgun” proteomic approaches after 2010. The
latter have referred to subjects with periodontal health,
have compared periodontally healthy individuals with
aggressive and chronic periodontitis patients, or have
investigated changes in the experimental gingivitis
model (Bostanci et al. 2010, 2013, Grant et al. 2010,
Carneiro et al. 2012, Baliban et al. 2012, 2013). A common
finding of the above mentioned studies has been the
identification of a substantial number of both human
and bacterial proteins in GCE Many of these proteins
have been identified for the first time in GCE The
findings of these studies are displayed in Table 2.

A reasonable question for the clinician is how the
substantial number of data deriving from these highly
analytical techniques can be evaluated, like for
example how many and which specific proteins have
clinical value as biomarkers for periodontal disease.
At this point, bio-informatics, using advanced
mathematics and developing algorithms and software,
can extrapolate specific conclusions. Besides, the
primary aim of this kind of studies is to identify a
small group of proteins which can act as reliable
biomarkers (Figure 4). After their identification, this
group of proteins can be detected in GCF, not
necessarily by applying advanced techniques of
proteomic analysis but rather techniques that offer a
combination of accuracy, convenience and low cost
for clinical application.

The example of the studies by Baliban and co-
workers (2012, 2013) is reported. In the above
mentioned studies, researchers have identified
proteins which could discriminate periodontally
healthy subjects from chronic periodontitis patients.
After analyzing GCF samples with mass spectro-
metry, the recognition of proteins was accomplished
by specific software developed by the Department of
Chemical and Biological Engineering of Princeton
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Mivakag 2. MeA€teg npwteopikAg avdAuong peydAng kAipakag oto uyp6 tng ouAobovtikAg oxIoprg

"‘Etog Toyypoeéog IMAn6voudég Merétng Ap10uég Ipoteivov
oV AviyvebOnkov

2010 Bostanci kot Guv. EmBetikn neprodovritido n=5 154
[MeplodovTiK& vYLeig n=5

2010 Grant K01 GUV. [Metpopotikn ovAitido oe 10 dtopo 202

2012 Baliban kot Guv. Xpovia meptodovtitido n=12 462
[eprodovTikd vyleig n=12

2012 Carneiro xou Guv. [MeplodovTikd vyteic n=9 199

2013 Baliban ko1 cuv. Xpévio meplodovritidon n=51 462
Teprodovtikd vyeig n=45

2013 Bostanci ko ouv. [Metpopotikn ovAitido oe 20 dtopo 287

Table 2. Proteomic analysis in gingival crevicular fluid using «shotgun» proteomic analysis

Year of Authors Subject sample Number of identified

publication proteins

2010 Bostanci et al. Aggressive periodontitis n=5 154
Periodontally healthy n=5

2010 Grant et al. Experimental gingivitis in 10 volunteers 202

2012 Baliban et al. Chronic periodontitis n=12 462
Periodontally healthy n=12

2012 Carneiro et al. Periodontally healthy n=9 199

2013 Baliban et al. Chronic periodontitis n=51 462
Periodontally healthy n=45

2013 Bostanci et al. Experimental gingivitis in 20 volunteers 287

7oV doy wpilouv v TepLodovTiKT vyeio omwd TV véco. Ot Guv-
dvoopol ovtol TV TPOTELVOY, EPOPULEGOM KOV GTNV GUVELELXL
G€ 55 KOOMKOTOINUEVH SELYLLOITOL KOL 1] OLVOLYVAPLOT TNG KALVL-
KNG Katdotoong éyive pe axpifelo >95% avoiyovtog tnv mpo-
onTiKT| Yo eEEMEN evEg BLoryvaoTLkoV TEOT TTOL BaL 0LPopd. TLG
GLYKEKPLULEVEC TPWTELVEG Ko LGVO. To endevo Bripo yio TNV
o&loAdynon Toug dTtmg eoiveton oto Tyfuo 4 eivorn o Aeyyog
QLTOV TOV TPOTELVOUEVOL GLVIVOGLOU BLOAOYIKMDV SELKTHVY,
o€ LeYAAO oplOUS aTOU®V, BOTE VoL omodety Oel N AmoTEAEG L0
TIKOTNTE TOVE KO VoL UTOPOoVV TAEOV VoL eVTory 00UV 6TV KAL-
ViKT TpEEN TG OSOVTLUTPIKNG MG SLOLYyVWOTIKS TECT.

Onwe cupPoivel Kot 6TIG YOVISLOUOTIKES OVOAVGCELG LEYEL-
NG KAMpokog, Tor eupriortor LEPLKES POPES ELvOL U OVOLEVO-
pevo.. Tio mop &detypLe, o EAeyyog 23 yovidimv Kou 6l LELOVM-
UEVOV TOALUOPPLOULAY YoVISiv 600 oTtOUw®Y IE EMOETIKN Te-
prodovtitido 6tnv Evpdnn, amekdAvye Ty mbovy GucyETt-

University, U.S.A. (Baliban et al. 2010). A mathe-
matical model was then created, which recognizes a
combination of proteins appearing exclusively in
periodontally healthy or diseased individuals. With
the application of this mathematical model, seven
human and three bacterial proteins were identified.
These combinations of proteins were applied in 55
coded samples and the recognition of periodontal
status was accomplished with a degree of accuracy
over 95%, thus creating the possibility of developing
adiagnostic test based on these specific proteins. The
next phase in the evaluation of these proteins as
biomarkers is testing these biomarkers in a large
number of subjects (Figure 4). Similar to large-scale
genomic tests, findings are sometimes unexpected.
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O ap1BUdS TV
otV cvédiveton.
The number of
subjects

increases.

ANAKAAYWH
(DISCOVERY)

O ap1Budc TV
TPOTELVAV TOV

OO TOVVTOL LELDVETOL
The number of required
proteins decreases.

A=Z|IOAOIMHzH 2E METAAO APIOMO ATOMQN
(EVALUATION IN A LARGE SUBJECT
SAMPLE)

KAINIKH EQAPMOIH
(CLINICAL APPLICATION)

Iyfuo 4: ynuotikn topovcioon g dtodikaciog avokdivyng Blo-detkTdv.
H npoteopkny avéivon propel vo Bonoroet idiaditepo oto apytid Prinorto (Boosiopévo ot Grant 2012).

Figure 4: Schematic representation of the procedure for biomarker discovery. Proteomic analysis can assist especially in

the first steps (Based on Grant 2012).

o1 TNG LE TOV LOVOOTILELAKS TOAVLOPPLOUS 1561815643 GT0
yovidio mov kwdikomotel TNV wvtepAevkivn-10 mov dev eiye
diepevvn el moté€ oty odovtiotpikn Pifitoypapio (Schaeffer
Ko ovv. 2013). Avtifeta, otnv Ieprodovtoroyic, eivon yvwot
1 exteToévn épevva, OTmg kKot 1 Hopén avTioTo oV EUTO-
P00 SLoYVOOTIKOD TECT, TOV EAEYYEL TNV TOPOLGIO dVO 6-
VOV TOAVLLOPPLGLLMV TMV YOVISI®mV TOV KOOLKOTOLOVV TIG KV-
topokiveg tvtepievkivn-lo ko -1B, YVOOTEG YLoL TNV GULLLE-
ToXM TOLG GTNV TABOYEVETLKT| SLodtkaGiol TNG TEPLOSOVTIKNG
vé60v. Y6 To mpiouo Tev Te)VoroYIK®Y eEeAiEemV oL TTpo-
GOEPEL TNV dSLVOTOTNTOL OVTLKELLEVIKN G crvallriTnong ProAoyt-
KOV Se1KTAV o€ PeyGAn KApLoko 6o avOp@dmivo yovidimuo, o
OPYLKES -TPOTOTOPLAKEG Y10 TO 2000- TPOOTEOELES YOVISLOK DV
EMEYY OV, LETE OO ULOL OEKOTEVTAETION EQUPLOYNG TOVGE, OO~
vovton TAéov teploptopévng o&iog Yo Tov Tpocdloptopnd fro-
AOYLK®V SELKTMV.

TOUQVO e TO dedoUéva TNG LeAéTN G Twv Baliban xon 6v-
vepyotav (2013), 6TV opéd0 Twv BLOAOYIKADVY SeLKTAY OV TPOGC-
dtopicOnkav ce Gtopa e xpdvio TePLodoVTIiTION, dEV GUUTE-
priopBévovton Tpwtelveg TOV elvon 1181 YVOOTES Y100 TNV GULU-
LETOYT TOVG OTNV TOBOYEVETIKT SLOOLKOGIOL TNG VOGOV (TT.). M
wtepAevkivn-1B 1 0 TopdyovToc VEKPOOT G TWV OYKWV-0L) KoL
elyov diepevvnBel extetopévo 6To TapeABSV g mBovol Pro-
AoyKot OelkTeg TEPLOSOVTIKNG KOTOGTPOPTC, GTO VYPH TNG OL-
A0BOVTIKN G OYLOUNIC. Q¢ TOP EOELY LD, OVOLPEPOVLE GTL M AVGO-
goun C, kou m vwopovédo 8 Tng oupoceopivng eivor 5o od
TIC TPOTELVEG TTOL eLovilovTon oTaBepd ool delyuorto, oo me-
pPLodovTIKOUG oloBeveic.

For example, the mapping of 23 genes and not the
evaluation of Single Nucleotide Polymorphisms (SNPs)
in 600 subjects with aggressive periodontitis in Europe
has revealed the possible correlation of this periodontal
disease with the SNP rs61815643 in the gene encoding
interleukin-10 which has never been previously
investigated in Periodontology (Schaeffer et al. 2013).
In contrast, the contribution of two SNPs in the genes
encoding interleukins -1a and -1b to periodontal disease
initiation and progression has been extensively
investigated, and a commercial diagnostic test based
on these two polymorphisms is available for clinicians.
Taking into account technological evolutions, which
offer the possibility of an objective whole-genome
investigation for biomarkers, the initial -innovative for
2000- efforts now -after 15 years- appear to have a rather
limited value in biomarker research.

Similar to data from large-scale genomic research,
findings from the Baliban et al. study (2013) suggest
that in the group of biomarkers identifying chronic
periodontitis subjects, proteins known to participate
in the pathogenesis of periodontal disease (e.g.
interleukin-1b or tumor necrosis factor-a) and
previously widely investigated as potential biomarkers
in GCE are not included. As an example, lysozyme
C and the d subunit of haemoglobin are two of the
proteins constantly appearing in GCF samples from
chronic periodontitis patients.
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Touvdualovtog GAo To ToPOTAVE, SLUTLGTMOVOLUE OTL, LETA
70 2010, dvor&o véo edioe otny [eprodovToroyic, yio Tov evVTo-
TOUS 0E10TIOTOV BLOAOYLKMY SELKTMY GTO VYPO TNG 0OVAOJO-
VIIKN G oy louf g Ko To aGAlo. H epopuroyr| texvikdv vyning
TEYVOYVOGLOG KO 1) GLVEPYUGTIO SLAPOP®Y ETLGTNILOVIKAY KAG-
dwv, divel véo BN oM TNV Epeuva ToL 0Lpopd TNV €yKoipt dLd-
YVOOT, TOV 6006TO KABOPLoUS TNG TPOYVMON S KOl TOV TTPO-
YPOUULATIOUS KoL EAEYYO TOV KATHAANAOL BEPOTEVTIKOV G)E-
Siov TV TEPLOSOVTIK®V 0LGOEVAIV.

Collectively, the above mentioned data suggest
that, since 2010, new approaches have been available
in periodontal research regarding the identification
of reliable biomarkers in saliva and gingival
crevicular fluid. The application of high technology
and the collaboration of various scientific fields
greatly enhance the research related to the early
diagnosis, correct prognosis, therapy and evaluation
of treatment outcomes.
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