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Sazetak

Zaprimljen: 29. sijecnja 2013.

Svrha: Zeljelo se pronaci optimalne uvjete i metode za identifikaciju maksimalnog broja proteina
u uzorcima tkiva gingive pacijentice s agresivnim parodontitisom. Pritom smo se koristili tehno-
logijom Label-free kvantifikacije, tekucinske kromatografije i spektrometrije masa (LC —MS/MS),
te usporedili proteom zdravih i bolesnih uzoraka tkiva gingive. Materijali i metode: Cetiri uzorka
gingivnog tkiva (dva zdrava i dva bolesna) uzeta su od pacijentice, inace nepusacice, koja boluje
od teskog oblika generaliziranog agresivnog parodontitisa. Proteini tkivnog lizata razdvojeni su
1D gel-elektroforezom nakon koje je slijedila digestija u gelu te mjerenje proteina nanoljestvicom
HPLC-sistema preko nanoelektro spreja, ionizacijskog izvora i spektrometra mase. Dobiveni po-
daci obradeni su u programu MaxQuant. Rezultati: Label-free kvantifikacija i LC-MS/MS analiza,
zajedno s pripremom uzoraka, 1D gel-elektroforezom i digestijom u gelu pokazali su se kao ucin-
kovita metoda za analizu proteoma gingivnog tkiva. Ukupan broj identificiranih i kvantificiranih
proteina iznosio je 2429. Proteini koji su pokazali pojac¢anu ekspresiju u tkivu zahva¢enom agre-
sivnim parodontitisom bili su: imunoglobulinski gama-1 lanac regije C, imunoglobulinski kapa la-
nac regije C i imunoglobulinski gama-3 lanac regije C (lg gamma-1 chain C region, Ig kappa cha-
in C region i Ilg gamma-3 chain C region), a desmoplakin, aneksini, proteini S100-A8/A9 i keratini
pokazali su snizenu ekspresiju. Zaklju¢ak: Ovo eksperimentalno istrazivanje omogucuje novi uvid
u proteomski profil zdravog i bolesnog gingivnog tkiva, sto bi moglo pridonijeti napretku u dija-
gnostici i prognozi te boljem razumijevanju patogeneze agresivnog parodontitisa. Tehnologija LC-
MS/MS pokazala se ucinkovitom kad je rije¢ o proteomskoj analizi gingivnog tkiva.

Prihvacen: 3. oZujka 2013.

Adresa za dopisivanje

Ana Badovinac, dr. med. dent.

i doc. dr. sc. Darko Bozi¢
Sveuciliste u Zagrebu
Stomatoloski fakultet

Zavod za parodontologiju
Gunduliceva 5, HR — 10000 Zagreb,
Hrvatska

Tel: +3851489920
badovinac@sfzg.hr, bozic@sfzg.hr

Kljuéne rijeci

parodontitis, agresivni; gingiva; proteo-
mika; spektrometrija masa; biopsija; bje-

lancevine vezane na mikrotubule; imu-
noglobulin kappa lanci; dezmoplakini;
aneksini; keratini; S100 bjelancevine

Uvod

Parodontitis je jedna od najces¢ih bolesti usne Supljine, a
karakterizira ga upala gingive i resorpcija potporne kosti (1).
Bakeerijska infekcija oralnog biofilma aktivira upalni pro-
ces te prirodeni i ste¢eni imunosni odgovor, $to rezultira de-
strukcijom parodontnih tkiva. Budu¢i da su upalni i imuno-
sni odgovor glavni u razvoju parodontnih bolesti, znanje o
¢imbenicima domacina vazno je za razumijevanje patogene-
ze parodontnih bolesti (2).

Parodont se sastoji od Cetiriju glavnih komponenti —
gingive, parodontnog ligamenta, cementa i potporne kosti.
Spojni epitel nalazi se izmedu gingivnog sulkusa te mekog
i mineraliziranog vezivnog tkiva parodonta Stite¢i tako tki-
va iznad kojih se nalazi, a ujedno kontrolira i stalni mikrobni
izazov u gingivnom sulkusu. Zbog takve pozicije spojni epi-
tel igra vaznu ulogu u homeostazi tkiva i obrani od mikro-
organizama i njihovih produkata (3). U nekim slucajevima

Introduction

Periodontitis is one of the most common oral diseases
characterized by gingival inflammation and resorption of the
alveolar bone (1). Infection with oral biofilm bacteria acti-
vates inflammatory and host immune responses, innate and
adaptive, which lead to the destruction of periodontal tis-
sues. Since inflammatory and immune responses play a cru-
cial role in the development of periodontal diseases, the
knowledge of the host related factors is vital for the under-
standing of the pathogenesis of periodontal diseases (2).

The periodontium consists of four main components: gin-
giva, periodontal ligament, cementum and the alveolar bone.
The junctional epithelium, situated between the gingival sul-
cus and periodontal soft and mineralized connective tissue,
protects the underlying tissues and controls the constant mi-
crobial challenge found in the gingival sulcus. Based on its
position, this epithelium plays an important role in tissue ho-
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obrambeni odgovor domacina nije dovoljan, pa se pojavljuju
upalne lezije u gingivi i nastaje destrukcija vezivnog tkiva, a
pretvorba spojnog epitela u epitel dzepa smatra se zastitnim
znakom razvoja parodontitisa (4). U vecini radova u kojima
se istrazuje parodontitis znanstvenici su se fokusirali na ogra-
niceni broj proteina te je zbog toga bilo nemoguce istraziti
slozenost posrednika koji sudjeluju u lokalnom imunosnom
odgovoru lezije zahvacene parodontitisom (5).

Parodontitis se povezuje s nekoliko sistemskih bolesti i
stanja, primjerice s kardiovaskularnim bolestima, ateroskle-
rozom, dijabetesom, respiratornim bolestima i komplikaci-
jama tijekom trudnode (6, 7). Posljednjih nekoliko godina u
istrazivanju sistemske biologije zdravlja i bolesti sve vaznije
postaju proteomske tehnologije (8). Bududi da u patoloskim
promjenama koje se zbivaju tijekom parodontitisa postoji ra-
zlika u ekspresiji mnogih molekula, iscrpne analize ekspresi-
je proteina u odabranim uzorcima otvaraju nove znanstvene
moguénosti koje bi mogle obogatiti dosadasnje znanje o pro-
teinima uklju¢enima u patogenezu parodontitisa (9). Biolos-
ke tekudine, kao primjerice plazma i urin, bile su proteomski
istrazivane, a u parodontologiji su se proteomske analize ra-
bile za proucavanje proteoma cementoblasta, sulkusne teku-
¢ine (GCF-a) i sline zdravih i bolesnih ispitanika (9 -16).

Bostanci i suradnici analizirali su GCF kako bi identifi-
cirali i kvantificirali proteine zdravih ispitanika i pacijenata s
agresivnim parodontitisom (17). Ukupno su identificirana i
kvantificirana 154 proteina, a autori takoder zakljucuju da
bi se proteinski sastav GCF-a mogao iskoristiti kao pomo¢-
no sredstvo u dijagnostici parodontne bolesti. GCF je bio i
predmet istrazivanja Ngoa i suradnika (13). Njihova je na-
mjera bila identificirati peptide i proteine GCF-a na mjesti-
ma sa znakovima upale kod pacijenata s kroni¢nim parodon-
titisom u fazi odrzavanja. Identificirano je 66 proteina te je
istaknuto kako bi bolje razumijevanje GCF-a moglo pomo-
¢i u daljnjim spoznajama o patogenezi parodontne bolesti.
Promjene proteina GCF-a tijekom upalnih procesa istraziva-
li su Grant i njegovi kolege na modelu eksperimentalnog gin-
givitisa (9). Identificirana su 202 proteina, neki od njih bili
su ve¢ prije poznati, a neki tek identificirani otkrili su struk-
turalne komponente gingive koje jo$ nisu bile zabiljeZene.
Mnogo posla obavljeno je i u podru¢ju proteomskih analiza
sline. Upotreba razli¢itih tehnologija za proteomska istrazi-
vanja u laboratorijima diljem svijeta rezultirala je katalogom
od 2290 proteina koji se nalaze u slini (18).

Sve te analize rezultirale su identifikacijom novih mole-
kula ukljucenih u patogenezu parodontitisa i uvelike prido-
nijele novim spoznajama u parodontologiji — mozda je ¢ak
pronaden put kako se mogu otkriti biomarkeri na kojima po-
sljednjih desetlje¢a intenzivno rade mnogi znanstvenici (19,
20). Proteomika je znacajno poboljsala znanje o GCF-u i sli-
ni, no do danas ne postoje podaci od proteomskoj analizi
parodontnog tkiva pacijenata s agresivnim parodontitisom.
Svtha ovog istrazivanja bila je pronaéi optimalne uvjete me-
tode za identifikaciju proteina u uzorcima tkiva gingive pa-
cijentice s agresivnim parodontitisom koriste¢i se tehnolo-
gijom Label-free kvantifikacije, tekucinske kromatografije i
spektrometrije mase (LC — MS/MS), te usporediti proteom
zdravih i bolesnih uzoraka gingivnog tkiva.

LC-MS/MS Technology for Proteomic Analysis of Gingival Tissue

meostasis and defense against microorganisms and their prod-
ucts (3). In some cases the host defense system is not sufhcient
which leads to the formation of inflammatory lesions in the
gingiva followed by connective tissue breakdown. The conver-
sion of the junctional epithelium to the pocket epithelium is
considered as a hallmark in the development of periodontitis
(4). Most studies investigating periodontitis have focused on-
ly on a limited number of proteins and are thus unable to ex-
amine the complexity of mediators that participate in the lo-
cal immune response of the periodontitis lesion (5).
Periodontitis has been linked to several systemic dis-
eases such as cardiovascular diseases, atherosclerosis, diabe-
tes mellitus, respiratory diseases and unfavorable pregnancy
outcomes (6, 7). During the last few years, proteomic tech-
nologies have become an important tool for the exploration
of system biology in health and disease (8). Since there is a
change in the expression of plethora of molecules during the
pathological processes that occur in periodontitis, proteome
research, which allows comprehensive analyses of expressed
proteins in a selected sample, thus opening new scientific op-
portunities that could enhance our knowledge of proteins
that are involved in the pathogenesis of periodontitis (9).
Human biological fluids such as plasma and urine have been
investigated utilizing the proteomic approach, while in peri-
odontology, proteomic analyses were used to investigate the
proteomes of cementoblasts, gingival crevicular fluid (GCF)
and saliva within healthy or diseased subjects (9-10).
Bostanci et al. performed analysis of the GCF exudate to
identify and quantify proteins within healthy individuals and
patients suffering from aggressive periodontitis (17). A total
of 154 proteins were identified and quantified, and the au-
thors concluded that the protein content of GCF could po-
tentially be used as a diagnostic aid in periodontal disease.
GCF was also a subject of the research for Ngo et al. (13).
Their aim was to identify peptides and proteins found in GCF
from inflamed sites from subjects with chronic periodontitis
that were currently in the maintenance phase of the treat-
ment. In total, 66 proteins were identified pointing out that
understanding of GCF may help in further understanding
of the pathogenesis of periodontal disease. Temporal chang-
es of proteins in GCF during the inflammatory process in an
experimental gingivitis model were investigated by Grant et
al. (9). They identified 202 proteins, some of them were al-
ready known, but some newly identified proteins highlight-
ed structural components of the gingiva that have not been
seen before. A lot of work has also been done in the proteom-
ic analysis of whole saliva. Usage of different proteomic tech-
nologies by many laboratories around the world resulted with
a catalogue of 2290 identified proteins in whole saliva (18).
All of these analyses greatly contributed to new knowl-
edge, identifying novel molecules involved in the pathogen-
esis of periodontitis, and could potentially lead to the dis-
covery of disease biomarkers which have been a subject of
interest to many researchers working on periodontal diseases
during the last decades (19, 20). Proteomics has significant-
ly increased our knowledge of the gingival cervicular fluid
(GCF) and saliva, however, to date, there are still no pro-
teomic analyses of periodontal tissues in patients with aggres-
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Materijali i metode

Uzimanje uzoraka gingivnog tkiva

Uzorci tkiva gingive uzeti su od pacijentice nepusacice u
dobi od 28 godina koja boluje od teskog oblika generalizi-
ranog agresivnog parodontitisa, a inace je zdrava. Agresivni
parodontitis dijagnosticiran je na temelju kriterija Ameri¢-
ke akademije za parodontologiju (AAP-a) (21), a istrazivanje
je odobrilo Eticko povjerenstvo Stomatoloskog fakulteta u
Zagrebu. Prije pocetka inicijalne parodontoloske terapije na
Zavodu za parodontologiju Stomatoloskog fakulteta u Za-
grebu pacijentica je potpisala informirani pristanak, a zatim
su uzeti uzorci gingivnog tkiva — dva uzorka s mjesta s veli-
kom dubinom sondiranja i teskim gubitkom kosti, te dva
bez znakova parodontne bolesti i rendgenski vidljivog gubit-
ka kosti. Nakon lokalne anestezije uzorci gingive uzeti su s
bolesnih i zdravih mjesta i to iz interproksimalnog podrué-
ja, a ukljucivali su vezivno tkivo i epitel. Karakeeristike mje-
sta biopsije pokazane su u tablici 1. Uzorci su isprani fizio-
loskom otopinom kako bi se uklonili tragovi krvi te su nakon
toga stavljeni u epruvete volumena 2 mL (Eppendorf, Nje-
macka) s 2 mL stabilizacijskog reagensa RNAlater (Qiagen,
SAD) u skladu s uputama proizvodaca. Prvu no¢ bili su po-
hranjeni na temperaturi od 4° C, a nakon toga na -20° C do
sljedecih analiza.

Tablica 1. Parodontni indeksi mjesta biopsije

Tehnologija LC-MS/MS za proteomsku analizu gingivnog tkiva

sive periodontitis. The aim of this pilot study was to find an
optimal method conditions to identify proteins from human
gingival tissue samples in a patient with aggressive periodon-
titis using label-free quantitative liquid chromatography mass
spectrometry technology (LC-MS/MS), and to compare the
proteome of healthy and diseased gingival tissue samples.

Materials and methods

Gingival tissue samples

Gingival tissue samples were obtained from a nonsmok-
ing female patient, 28 years of age, suffering from severe gen-
eralized aggressive periodontitis, who was otherwise healthy.
Aggressive periodontitis was diagnosed based on the criteria
of the American Academy of Periodontology (21), and the
study was approved by the Ethics Committee at the School
of Dental Medicine in Zagreb. Written informed consent
was signed by the patient before the beginning of the initial
periodontal therapy at the Department of Periodontology,
School of Dental Medicine in Zagreb. Prior to the beginning
of the initial periodontal therapy, four gingival tissue sam-
ples were obtained from the patient. Two samples were taken
from deep sites with severe bone loss and two from sites with
no signs of periodontal disease and radiographic bone loss.
Following local anesthesia, gingival samples were harvested
from the interproximal area, and also included the connec-
tive tissue and the epithelium of the diseased and healthy
sites. The characteristics of biopsied sites are shown in Table
1. Samples were first rinsed with sterile saline solution to re-
move all blood and then stored in 2 mL tubes (Eppendorf,
Germany) with 2mL of RNAlater stabilization reagent (Qia-
gen, USA) according to the manufacturer’s instructions. First
the samples were stored overnight at 4°C, and then trans-
ferred at -20°C till further analysis.

Table 1  Periodontal indices of biopsied sites
Bolesna mjesta ® Diseased sites Zdrava mjesta * Healthy sites

Miesto biopsije * Biopsy site 44 di.stalno 26 di§talno 45 di.stalno 35 di§talno

44 distally 26 distally 45 distally 35 distally
O’Leary plak indeks (PI)
O’Leary Plaque Index (PI) * B
Krvarenje pri sondiranju (BOP)
Bleeding on probing (BOP) * * )
Dubina sondiranja (PPD) *
Pocket probing dlepih (PIZD) 8 mm 10 mm 2 mm 2 mm
Recesija (REC) * Recession (REC) 4 mm 4 mm 1 mm 0 mm
Klini¢ki gubitak pri¢vrstka (CAL) ©
Clinical agttachmgnt loss (CE\L) ) 12 mm 14 mm .

Natrijev dodecil-sulfatni poliakrilamid

gel-elektroforeza (SDS — PAGE) i digestija u gelu

Uzorci su izvadeni iz stabilizacijskog reagensa RNAlater
te su izvagani. Po dva uzorka svakog stanja spojena su u je-
dan uzorak, zatim su izrezani na manje komade, smrznuti te-
ku¢im dusikom i usitnjeni do praskaste konzistencije. Pufer
za lizu stanica (4-postotni natrijev dodecil-sulfat (SDS), 0,1
M-dithiotretiol u 0,1 M Tris-HCI, pH 7,6) dodan je usitnje-

Sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE) and in-gel digestion

Samples were removed from RNAlater and weighed. Two
samples for each condition were pooled, cut into small piec-
es, frozen with liquid nitrogen and minced to a powder con-
sistency. Lysis buffer (4% sodium dodecyl sulfate (SDS), 0.1
M dithiothretiol in 0.1 M Tris-HCI, pH 7.6) was added to

minced samples at constant buffer to tissue ratio, heated at
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nim uzorcima u istom odnosu praska prema tkivu, deset je
minuta grijan na 96° C i centrifugiran 15 minuta na 12000x
g. Centrifuga supernatanta je ponovljena, ali ovaj put 30 mi-
nuta. Ukupna koncentracija proteina u uzorcima procijenje-
na je prema UV-metodi na 280 nm. Doprinos nukleinskih
kiselina umanjen je koristenjem apsorpcije na 260 nm (1,55
A280 - 0,76 A260 = ukupno proteina mg/mL) (22). Uzorci
su izjednaceni potpuno ¢istom vodom do jednakih protein-
skih koncentracija i pomijesani s SDS-PAGE puferom uzor-
ka 4 x (Life Technologies, SAD).

Proteini lizata odvojeni su SDS-PAGE-om rabe¢i Nu-PA-
GE 4 - 12-postotni Bis-Tris gel (Life Technologies, SAD) pre-
ma uputama proizvodaca, te su nakon toga obojeni Simply
Blue Safe Stainom (Life Technologies, SAD). Nakon odboja-
vanja u vodi i 12-postotnom natrijevu kloridu (NaCl) svaka
vrpca gela izrezana je na Sest dijelova koji su zatim usitnjeni na
jo$ manje komade. Digestija u gelu radila se prema protokolu
Shevchenka i suradnika (23). Ukratko, proteini su reducirani
10 mM dithiothreitolom (DTT) i zatim alkilirani 55 mM jo-
doacetamidom (IAA). Digestija proteina tripsinom (13 ng/pL
u 50 mM amonijeva bikarbonata) trajala je preko noéi. Trip-
ticki peptidi ekstrahirani su iz komadica gela postupnom in-
kubacijom u 30-postotnom acetonitrilu (ACN), 0,5-postot-
noj octenoj kiselini (CH3COOH) i nakon toga u B-otopini
(80% ACN, 0,5% CH3COOH), te na kraju u ¢istom ACN-
u. ACN je uparen iz ekstrahiranih peptida centrifugiranjem
u vakuumu. Poslije digestije u gelu slijedilo je koncentriranje
i mikro-prociséavanje peptida s pomocu stop and go ekstra-
cijskih tipsova (Stage Tips) prema Rappsliberu i suradnicima
(24). Ukratko, stage tipsovi napravljeni su od ekstrakeijskih
diskova C18 Empore (3M, SAD), namoceni metanolom i
uravnotezeni otopinom A (0,5% CH3COOH). Ekstrahira-
ni peptidi zakiseljeni su solucijom A i naneseni na uravnote-
zene tipsove. Soli su isprane otopinom A, te su peptidi eluirani
s tipsova otopinom B. Na kraju je ACN uparen s odsoljenih i
procis¢enih peptida centrifugiranjem u vakuumu.

Tekucinska kromatografija — spektrometrija mase

(LC—MS/MS)

Peptidi su razdvojeni i nakon toga izmjereni sistemom
HPLC nanoljestvice Easy-nLC (Proxeon Biosystems) veza-
ne za spektrometar mase LTQ-Orbitrap Discovery (Thermo
Scientific) kroz nanoelektrosprejni ionizacijski izvor (Proxe-
on Biosystems) (25). Ukratko, peptidi su naneseni na nano-
kolonu C18 kuéne izrade napravljene pakiranjem picofrit ka-
pilare (New Objective, promjera 75 pm i promjera vrha od
10 pm) s kasom od Luna 3 pm C18(2) faze (Phenomenex) u
metanolu. Nakon toga su peptidi uklonjeni iz kolone primje-
nom linearnog gradijenta otopine B u otopini A (od 3 % do
35 % B otopine tijekom 4,5 sati). MS je mjerio peptide u or-
bitrapnom analizatoru (10° iona pri rezoluciji 30000) i isto-
dobno top 20 peptida fragmentirano u linearnoj ionskoj stu-
pini (3000 iona) koristeci se dinamickim isklju¢enjem kako
bi se sprijecilo ponavljanje fragmentacije istaknutih peptida.

Analiza podataka

Neobradeni podaci uneseni su i obradeni u programu
MaxQuant prema opisu Coxa i Manna (26). Kompletan

LC-MS/MS Technology for Proteomic Analysis of Gingival Tissue

96°C for 10 minutes and clarified by centrifugation for 15
minutes at 12000x g. Centrifugation of supernatant was re-
peated for 30 minutes. Total protein concentration in sam-
ples was estimated by UV method at 280nm. Nucleic ac-
id contribution was subtracted using absorption at 260nm
(1.55 A280 - 0.76 A260 = total proteins mg/mL) (22). Sam-
ples were equalized by ultra pure water to the same total pro-
tein content and were mixed with SDS-PAGE sample buffer
4x (Life Technologies, USA).

Proteins from the tissue lysate were separated by SDS-
PAGE using Nu-PAGE 4-12% Bis-Tris gel (Life Technol-
ogies, USA) as instructed by the manufacturer, and sub-
sequently stained with a Simply Blue Safe Stain (Life
Technologies, USA). After destaining in water and in 12%
NaCl, each gel lane was cut into 6 slices and then into small-
er pieces. In-gel digestion was done according to the pro-
tocol described by Shevchenko et al. (23). Shortly, proteins
were reduced by 10 mM dithiothreitol (DTT), and alkylat-
ed by 55 mM iodoacetamide (IAA). Proteins were over night
digested by trypsin (13 ng/pL in 50 mM ammonium bicar-
bonate). Tryptic peptides were extracted from gel pieces by
stepwise incubation in 30% acetonitrile (ACN), 0.5% ace-
ticacid (CH3COOH); then in solution B (80% ACN, 0.5%
CH3COOH) and then in pure ACN. ACN was evaporat-
ed from pulled extracted peptides by vacuum centrifugation.
After in-gel digestion procedure, peptides were concentrat-
ed and micro-purified with the stop-and go extraction tips
(StageTips) described by Rappsliber et al. (24). Briefly, Stag-
eTips were made from C18 Empore extraction disk (3M,
SAD) as described. Tips were wetted by methanol and equil-
ibrated by solution A (0.5% CH3COOH). Extracted pep-
tides were acidified by solution A, and loaded onto equili-
brated tips. Salts were washed by solution A, and peptides
were eluted from tips by solution B. ACN was evaporated
from desalted and purified peptides by vacuum centrifuga-
tion.

Liquid Chromatography — Mass Spectrometry

(LC-MS/MS) analysis

Peptides were separated and then measured by nano-
scale HPLC system Easy-nLC (Proxeon Biosystems) coupled
to an LTQ-Orbitrap Discovery mass spectrometer (Ther-
mo Scientific) through a nano-electrospray ionization source
(Proxeon Biosystems) (25). Briefly, peptides were loaded on-
to C18 nano column, made in house by slurry packing Pi-
cofrit capillary (NewObjective, 75 pm fused silica diameter,
10 pm tip diameter) with Luna 3 pm C18(2) material (Phe-
nomenex). Peptides were eluted from column by linear gra-
dient of solution B in solution A (from 3% B to 35% B in
4.5 hours), and electrosprayed directly into mass spectrom-
eter. Mass spectrometer was measuring peptides in orbitrap
analyzer (10° ions at 30000 resolution setting) and, in paral-
lel, top. 20 peptides were fragmented in linear ion trap (3000
ions), using dynamic exclusion to prevent recurring fragmen-
tation of prominent peptides.

Data Analysis

Raw data were processed by MaxQuant software as de-
scribed by Cox and Mann (26). Uniprot Human complete
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uniprotov humani proteomski set bio je pretrazen koriste-
¢i se postavljenim parametrima MaxQuanta. Svim identifi-
ciranim proteinima dodijeljen je uniprotov pristupni broj.
Genska ontologija obavljena je u bioinformatickom progra-
mu DAVID (27).

Rezultati
Label-free kvantitativna LC — MS/MS analiza rabila se

za karakterizaciju proteina u uzorcima gingivnog tkiva zdra-
vih mjesta i mjesta zahvacenih parodontnom boles¢u kod pa-
cijentice s teskim oblikom generaliziranog agresivnog paro-
dontitisa. Takav pristup, zajedno s pripremom uzoraka, 1D
gel-elektroforezom i digestijom proteina u gelu, pokazao se
kao ucinkovita metoda za analizu proteoma epitelnog i veziv-
nog tkiva parodonta (slika 1.).

Homogenizacija

tkiva/liza stanica ® 1D Elektroforeza e DJgeeSlH]f
Tissue » 1D gel » Iﬁ-gel
homogenisation electrophoresis digestion

/cell lysis

Proteini tkivnog lizata razdvojeni su 1D gel elektroforezom, tripsinom je
ucinjena digestija u gelu te su peptidi analizirani LC-MS/MS tehnologijom
nakon koje je uslijedila bioinformaticka analiza. e Proteins from the tissue
lysate were separated by 1D gel electrophoresis, digested using trypsin, and
analyzed by LC-MS/MS technology, followed by bioinformatic analysis.

Vezanje na RNA - RNA binding

Vezanje na ribonukleotide - ribonucleotide binding

Vezanje na purinske ribonukleotide - purine ribonucleotide binding
Vezanje na purinske nukleotide - purine nucleotide binding

Vezanje na purinske nukleozide - purine nucleoside binding

Vezanje na nukleotide - nucleotide binding

Vezanje na nukleozide - nucleoside binding

Vezanje na ATP - ATP binding

Vezanje na adenil ribonukleotide - adenyl ribonucleotide binding
Vezanje na adenil nukleotide - adenyl nucleotide binding

Membrana organela - organelle membrane

Lumen organela - organelle lumen

Organele nevezane na membranu - non-membrane-bounded organelle
Mitohondris - mitochondrion

Lumen uz membranu - membrane-enclosed lumen

Lumen intracelularnih organela - intracellular organelle lumen
Intracelulame organele nevezane uz membranu « intracellular non-membrane-bounded organelle
Citosol - cytosol

Citoskelet - cytoskeleton

Frakcija stanice - cell fraction

Transport vezikulama - vesicle-mediated transport

Translacija - translation

Obrada RNA « RNA processing

Transport proteina - protein transport

Lokalizacija proteina - protein localization

Redukcija oksidacije - oxidation reduction

Makromolekularna kompleksna podjedinica» macromolecular complex subunit organization
Spoj makromolekularnih kompleksa - macromolecular complex assembly
Intracelularni transport - intracellular transport

Uspostava lokalizacije proteina - establishment of protein localization

Molekularna funkcija «
Molecular Function

Stani¢na komponenta «
Cellular Component

Bioloska funkcija «
Biological Function
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proteome set was searched using default MaxQuant param-
eters. All identified proteins are referred to by Uniprot acces-
sion number. Gene Ontology (GO) was performed using the
DAVID bioinformatic software (27).

Results

Label-free quantitative LC-MS/MS analysis was used to
characterize proteins in tissue samples collected from healthy
sites and sites with signs of periodontal disease in a patient
with a severe form of generalized aggressive periodontitis.
This approach, together with sample preparation, 1D gel
electrophoresis and in-gel digestion of proteins proved to be
an effective method for the proteome analysis of the epithe-
lial and connective periodontal tissues (Figure 1).

LC-MS/MS Bioinformaticka
analiza ¢ analiza ¢

LC-MS/MS Bioinformatic
analysis analysis

Slika 1. Tijek eksperimentalnih procedura.
Figure 1 Workflow of experimental
procedures.

Slika 2. Analiza genske
ontologije (GO)
proteomski
identificiranih proteina.
Prikazano je deset
najistaknutijih grupa za
svaki od 3 kriterija GO.

Figure 2 Gene ontology
(GO) analysis of
proteins identified by
proteomics. Ten most
prominent groups per
each of three different
GO criteria are shown.
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Ukupan broj identificiranih i kvantificiranih proteina u
spojenim uzorcima iznosio je 2429. U tablici 2. zabiljezeno
je 60 proteina koji su pokazali najveée razlike u ekspresiji iz-
medu zdravih i bolesnih uzoraka. Medu identificiranim pro-
teinima s jacom ekspresijom u bolesnom negoli u zdravom
uzorku, nasli su se: imunoglobulinski gama-1 lanac regije C
(P01857), imunoglobulinski kapa lanac regije C (P01834),
imunoglobulinski gama-3 lanac regije C (P1860), imunoglo-
bulinski lambda-2 lanac regije C (POCGO05), imunoglobu-
linski gama-2 lanac regije C ( P01859) i protein versican core
(P13611) . Proteini koji su, u usporedbi sa zdravim uzor-
kom, pokazali slabiju ekspresiju u bolesnom uzorku, bili su:
desmoplakin (P15924), spojeni plakoglobin (P14923), pla-
kofilin-1 (Q13835), desmoglein-1 (Q02413), aneksin Al
(P04083), protein S100-A9 (P06702), toplinsko stresni pro-
tein beta-1 (P04792), protein S$100-A8 (P05109), elongacij-
ski faktor 1-alfa 1 (P68104), alfa enolaza (P06733), keratini
tipa I i1I, te prolargin (P51888).

Genska ontologija (GO) pokazuje distribuciju 2429
identificiranih proteina prema njihovoj molekularnoj funk-
ciji, stani¢noj komponenti i bioloskom procesu (slika 2.).
Nukleotidima vezani proteini bili su najzastupljenija skupina
proteina prema kriteriju molekularne funkcije. Prema krite-
riju stani¢ne komponente, organeli bez membrane i unutar-
stani¢ni organeli bez membrane pokazali su se kao dvije naj-
zastupljenije skupine proteina. I na kraju proteini zaduzeni
za lokaciju i pronalazenje te lokacije bile su dvije najzastu-
pljenije skupine prema kriteriju bioloske funkcije.

LC-MS/MS Technology for Proteomic Analysis of Gingival Tissue

A total of 2429 proteins were identified and quantified in
two pooled tissue samples. Table 2 presents 60 most promi-
nent proteins differently expressed in the healthy and diseased
sample. Among the identified proteins that were upregulat-
ed in the diseased sample compared to the healthy sample
were: Ig gamma-1 chain C region (P01857), Ig kappa chain
C region (P01834), Ig gamma-3 chain C region (P01860),
Ig lambda-2 chain C regions (P0CGO05), Ig gamma-2 chain
C region (P01859), and Versican core protein (P13611).
Proteins that were identified in the diseased sample and
downregulated when compared to the healthy sample were:
Desmoplakin (P15924), Junction plakoglobin (P14923),
Plakophilin-1 (Q13835), Desmoglein-1 (Q02413), Annex-
in Al (P04083), Protein S100-A9 (P06702), Heat shock
protein beta-1 (P04792), Protein S100-A8 (P05109), Elon-
gation factor 1-alpha 1 (P68104), Alpha-enolase (P06733),
Keratins type I and II, and Prolargin (P51888).

The GO shows distribution of 2429 proteins identified
in our study according to their molecular function, cellu-
lar compartment and biological process (Figure 2). Nucle-
otide binding proteins were the most abundant group by the
molecular function criteria. By cellular component criteria,
non-membrane-bound organelle and intracellular non-mem-
brane-bound organelle were the two most abundant groups
of proteins. Finally, by the biological function, proteins in
charge of protein localization and establishment of protein
localization were the two most abundant groups.

Tablica 2. 60 proteina koji su pokazali najvece razlike u ekspresiji izmedu zdravih i bolesnih uzoraka. Proteini su izabrani prema ukupnom
intenzitetu i promjeni ekspresije kada se bolesni uzorak tkiva usporedio sa zdravim.

Table2 60 most prominent proteins differently expressed in the healthy and diseased sample. Proteins are selected based on their total
intensity and expression level shift in diseased tissue sample when compared to a healthy one.
pris:il;}:ir (l:'oj . jedil?:t(\)r]enih s
04)e iia ®
MaxQuant id Uniprot Ime proteina ® Protein name peptida ° No. sel;vence (%) PEP Regulacn']a
Accessi funi equence Regulation
ccession of unique Coverage (%)
Number peptides 8

112 A8K2U0 Alpha-2-macroglobulin-like protein 1 38 33.4 1.84E-268 I
879 E9PBV3 Suprabasin 19 58.5 0 |
1433 060437 Periplakin 93 50.7 0 |
1560 P01009 Alpha-1-antitrypsin 31 69.4 0 1
1303 101023 Alpha-2-macroglobulin 41 34.3 0 i
1562 P01024 Complement C3 97 58.1 0 1
1612 P01834 Ig kappa chain C region 9 89.6 0 1
1613 P01857 Ig gamma-1 chain C region 8 32.1 0 1
1614 P01859 Ig gamma-2 chain C region 31.3 0 1
1615 P01860 lg gamma-3 chain C region 5 24.9 0 i
1622 P02452 Collagen alpha-1(I) chain 29 27 0 1
1624 P02545 Prelamin-A/C 55 63 0 !
1642 P02787 Serotransferrin 50 61.5 0 1
1655 P04083 Annexin Al 27 67.3 0 |
1665 P04264 Keratin, type II cytoskeletal 1 36 58.1 0 I
1676 P04792 Heat shock protein beta-1 20 90.7 2.16E-303 I
1685 P05109 Protein S100-A8 11 60.2 4.61E-111 |
1710 P06702 Protein S100-A9 10 82.5 1.50E-189 |
1714 P06733 Alpha-enolase 25 53.2 0 |
1731 P07355 Isoform 2 of Annexin A2 32 74.2 0 I
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Uniprot Broj ]
] A Torre 0.H . Pokrivenost
pristupni broj ® jedinstvenih vence (%) Temlbetro

MaxQuant id Uniprot Ime proteina ® Protein name peptida ¢ No. ¢ S ence 1 PEP Re 2

Accession of unique C equenci Sy

Number peptides overage (%)
1095 P08123 Collagen, type I, alpha 2 27 24.7 6.28E-289 1
98 P08133 Annexin A6 42 55.2 0 1
1748 P08238 Heat shock protein HSP 90-beta 24 31.4 0 I
1759 P08670 Vimentin 47 73.2 0 1
1782 POCGO5 Ig lambda-2 chain C regions 5 57.5 0 i
1795 P11021 78 kDa glucose-regulated protein 37 54.6 0 1
1797 P11142 Heat shock cognate 71 kDa protein 22 38.5 0 |
1814 P12035 Keratin, type II cytoskeletal 3 23 48.6 0 |
1815 P12109 Collagen alpha-1(VI) chain 41 41.2 0 |
1816 P12110 Collagen alpha-2(VI) chain 31 29.8 0 |
1817 P12111 Collagen alpha-3(VI) chain 6 2.5 0 I
1834 P13611 Versican core protein 3 0.8 0 1
1837 P13639 Elongation factor 2 41 51 0 I
654 P13645 Keratin, type I cytoskeletal 10 29 49.9 0 |
1855 P14625 Endoplasmin 39 41.3 0 i
1859 P14923 Junction plakoglobin 19 35.8 0 |
1870 P15924 Desmoplakin 265 71.3 0 |
1912 P19012 Keratin, type I cytoskeletal 15 1 3.3 0 |
658 P19013 Keratin, type II cytoskeletal 4 32 44.9 0 |
1935 P21333 Filamin-A 112 54.3 0 i
2066 P31947 14-3-3 protein sigma 16 742 0 |
2071 P32926 Desmoglein-3 28 36.9 0 I
2174 P47929 Galectin-7 9 85.3 4.25E-159 |
2232 P51888 Prolargin 21 54.5 5.38E-277 !
2276 P58107 Epiplakin 14 163 0 |
2335 P62805 Histone H4 11 54.4 8.30E-191 i
2351 P63104 14-3-3 protein zeta/delta 17 62.4 0 |
2361 P68104 Elongation factor 1-alpha 1 21 50.6 0 |
2366 P68871 Hemoglobin subunit beta 11 68.7 0 1
2368 269905 Hemoglobin subunit alpha 4 21.8 0 1
2385 P84243 Histone H3.3 1 235 4.24E-138 i
2413 Q02413 Desmoglein-1 30 39.1 0 |
2431 Q05707 Collagen alpha-1(XIV) chain 67 45.3 0 i
2448 Q08188 Protein-glutamine gamma-glutamyltransferase E 30 52.1 0 |
2521 Q13835 Plakophilin-1 38 59.7 0 |
2530 Q14134 Tripartite motif-containing protein 29 32 47.1 0 |
2580 Q15149 Isoform 4 of Plectin 2 0.5 0 |
681 Q61782 Type I epidermal keratin 2 21.5 0 |
2935 Q92817 Envoplakin 94 48.1 0 |
723 Q99715 Collagen alpha-1(XII) chain 158 53.4 0 1

PEP - posterior error probability
| - snizeni u bolesnom uzorku ¢ downregulated in diseased tissue sample
1 - poviSeni u bolesnom uzorku ¢ upregulated in diseased tissue sample
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Rasprava

Proteomsko istrazivanje omogucuje kvalitativne i kvan-
titativne analize razlika izmedu proteoma razli¢itih stanja,
ukljucujudi razlicite genotipe, bolesti i utjecaj lijekova (28,
29). U dosadasnjim proteomskim istrazivanjima parodon-
tnih bolesti znanstvenici su analizirali GCF ili slinu kako
bi uodili razlike izmedu zdravog i bolesnog parodonta (10),
identificirali moguée biomarkere (11) ili pak promjene veza-
ne uz aktivnost same bolesti (30). No, do danas ne postoji
proteomsko istrazivanje gingivnog tkiva zdravog i bolesnog
parodonta kod pacijenata s agresivnim parodontitisom. U
naem istrazivanju usporedeni su proteomi gingivnog tkiva
s mjesta s teSkim gubitkom kosti i s onoga bez znakova paro-
dontne bolesti. Koliko znamo ovo je prvo istrazivanje koje se
koristilo tehnologijom Label-free LC-MS/MS za identifikaci-
ju i kvantifikaciju proteina zdravih i bolesnih uzoraka gingi-
ve osobe s agresivnim parodontitisom.

Medu najistaknutijim identificiranim proteinima u uzor-
cima imunoglobulini (Ig) su pokazali razlike u ekspresiji. Ig
su proteini koje proizvode B-limfociti, a imunolosni sustav
koristi se njima za identifikaciju i neutralizaciju stranih tvari,
poput bakterija i virusa. Obrambeni mehanizmi uz pomo¢
B-limfocita uklju¢uju njihovu pretvorbu u plazma-stani-
ce i stvaranje imunoglobulina koji su sposobni identificira-
ti i vezati se za antigen (31). Prema rije¢ima Berghlundha
i Donatija, udjel B-limfocita u parodontnoj leziji je oko 18
posto, §to ih svrstava na drugo mjesto najzastupljenijih sta-
nica, odmah iza plazma-stanica koje ¢ine oko 50 posto sta-
nica parodontne lezije (32). Budu¢i da B-limfociti stvaraju
imunoglobulin, nase istrazivanje takoder isti¢e njihovu ulo-
gu u patogenezi parodontne bolesti. I istrazivanje Bostancija
i suradnika pokazalo je da se Ig ubraja medu najzastupljeni-
je proteine GCF-a zdravih i parodontitisom zahvaéenih mje-
sta (17). Baliban i njegovi kolege analizirali su uzorke GCF-a
zdravih pojedinaca i osoba s kroni¢nim parodontitisom te su
dobili visoku zastupljenost imunoglobulina i komplementa
u obje ispitivane skupine (11). Navedena otkri¢a potvrduju
vaznu ulogu imunoglobulina u lokalnim obrambenim meha-
nizmima i pokazuju da bi proteomska istrazivanja mogla po-
mod¢i u daljnjim istrazivanjima vezanima za odgovor domadi-
na u parodontnim bolestima.

U skladu s prijasnjim istrazivanjima identificirani su ke-
ratini tipa I i II, histoni, desmoplakin, aneksini, proteini
S100-A8/A9, elongacijski faktor 1-alfa 1 i mnogi drugi. Me-
du 60 najzastupljenijih proteina u zdravim i bolesnim uzor-
cima nasli su se keratini i ¢lanovi porodice proteina koji ve-
zu kalcij, kao §to su aneksin A1, A2 (P07355), A6 (P08133)
i $100 proteini A8, A9.

S100A8/A9 proteini vezu cink i kalcij te imaju zapaZenu
ulogu u regulaciji upalnih procesa i imunolosnog odgovora
zato $to poti¢u kemotaksiju i adheziju neutrofila (33). Veza-
njem kalcija prilagodavaju biolosku aktivnost te pokazuju ja-
ku ekspresiju u makrofagima i epitelnim stanicama akutno
upaljenih tkiva (34). U istrazivanju Haigha i suradnika pro-
teini S100A8/A9 takoder su pokazali razlicitu ekspresiju u
uzorcima sline u slucaju parodontitisa. Autori su istaknuli
upletenost proteina S100 u odgovor domacéina tijekom paro-

LC-MS/MS Technology for Proteomic Analysis of Gingival Tissue

Discussion

Proteomic research offers qualitative and quantitative
analyses of the differences between proteomes in different
conditions, including different genotypes, diseases and drug
influences (28, 29). So far, in proteomic studies investigating
periodontal diseases, researchers analyzed GCF or saliva to
see the differences between healthy and diseased periodon-
tium (10), to identify possible biomarkers (11), and to iden-
tify changes associated with the activity of the disease (30).
However, to date there is no proteomic research of gingival
tissues in healthy and diseased periodontium in patients with
aggressive periodontitis. This study compared proteomes of
gingival tissues from sites with severe bone loss, and those
from sites with no signs of periodontal disease. To the best of
our knowledge, this is the first study that used label-free LC-
MS/MS technology for the identification and quantification
of proteins in healthy and diseased gingival tissue samples in
a patient with aggressive periodontitis.

Among the most prominent proteins identified in the tis-
sue samples, immunoglobulins (Ig) were changed in their ex-
pression levels. Ig are proteins produced by B cells, used by
the immune system to identify and neutralize foreign objects
such as bacteria and viruses. Host defense mechanisms of B
cells include their transformation into plasma cells and pro-
duction of Ig that identify and bind to antigens (31). Accord-
ing to Berghlundh and Donati, in periodontitis lesions the
portion of B cells is about 18% which puts them in second
place among most dominant cell types right after plasma cells
which represent about 50% of cells in the periodontitis le-
sion (32). Since Ig are produced by B cells, our findings fur-
ther highlight their role in the pathogenesis of periodontal
disease. Furthermore, in the study by Bostanci et al., analysis
of the GCF exudate from healthy and periodontally diseased
sites, also demonstrated that Ig were among the most abun-
dant proteins (17). By analyzing GCF samples from patients
with chronic periodontitis and periodontally healthy individ-
uals, Baliban et al. found that Ig and complement were widely
detected in both groups (11). These findings confirm the cru-
cial role that Ig may play in the local defense mechanisms, and
that proteomic approach could be helpful in further investiga-
tions dealing with host response in periodontal diseases.

In accordance with previous reports, Keratins type I and
II, Histones, Desmoplakin, Annexins, Protein $100-A8/A9,
Elongation factor 1-alpha 1 and many other proteins were
identified. In our study, keratins and calcium binding pro-
tein family members, such as Annexin A1, A2 (P07355), A6
(P08133) and S100 proteins A8, A9 were among the top 60
prominent proteins in healthy and diseased tissue.

S100A8/A9 are calcium and zinc binding proteins which
play a prominent role in the regulation of inflammatory pro-
cesses and immune response, by inducing neutrophil chemot-
axis and adhesion (33). They modulate biological activity via
calcium binding, and they are expressed by macrophages and
epithelial cells in acutely inflamed tissues (34). In the study of
Haigh et al., SI00A8/A9 proteins also showed to be differen-
tially expressed in saliva during periodontitis. The authors high-
lighted the involvement of S100 proteins in the host response
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dontitisa te su ih predlozili kao moguée biomarkere za praée-
nje aktivnosti parodontne bolesti (30).

Aneksini su skupina proteina koji vezu kalcij i povezani
su s upalnim i obrambenim odgovorom (35). Iako se pove-
zuju s upalnim procesima, istrazivanja Bostancija i suradnika
te Grant i njezinih kolega pokazala su da bi aneksini Al i A2
mogli biti povezani s parodontnim zdravljem, te su ih pred-
lozili za proteine koji odrzavaju zdravlje parodontnog tkiva
(9, 17). Nasi rezultati slazu se s rezultatima navedenih istrazi-
vanja za aneksine Al i A2, no za razliku od tih istrazivanja mi
smo identificirali i aneksin A6 koji je pokazao jacu ekspresiju
u bolesnim uzorcima. Aneksin A6 impliciran je u posredova-
nje agregacije endosoma i fuzije vezikula epitela tijekom eg-
zocitoze. Temeljem navedenoga jasno je da su potrebna dalj-
nja istrazivanja kako bi se dokumentirala i objasnila uloga
aneksina u parodontnoj bolesti.

Nase istrazivanje otkrilo je pojacanu ekspresiju histona
H4 (P62805) i histona H3,3 (P84243) u bolesnim uzorci-
ma. Histoni su jezgreni proteini vazni u mnogobrojnim bi-
oloskim procesima, primjerice u apoptozi, antimikrobnom
djelovanju, organizaciji strukture DNK, regulaciji transkrip-
cije, popravcima i replikaciji DNK te u stabilizaciji kromo-
soma. Njihove poviSene razine zabiljeZene su u serumu oso-
ba s traumatskim ozljedama i sepsom (36), a u proteomskom
istrazivanju eksperimentalnog gingivitisa imali su slabiju ek-
spresiju pri kraju rezolucijskog razdoblja (9). Pojacana ek-
spresija histona u bolesnim uzorcima naseg istrazivanja mo-
gla bi upucivati na povezanost tih proteina s bakterijskom
aktivnos¢u, te su svakako potrebna daljnja istrazivanja kako
bi se objasnila njihova uloga u parodontitisu.

Medu najzastupljenijim proteinima sa snizenom ekspre-
sijom u bolesnim uzorcima bili su desmoplakin i keratini ti-
palill. Niza ekspresija keratina mogla bi znaciti slabiju pre-
gradnju i diferencijaciju epitela u tkivu gingive zahva¢enom
parodontnom boles¢u. Taj se nalaz slaze s nalazom istraziva-
nja Bostancija i suradnika (17) te potvrduje dobro poznatu
¢injenicu da je brzina pregradnje zdravog sulkularnog epitela
jedna od najbrzih pregradnji epitelnog tkiva opéenito (37).

Desmoplakin, protein dezmosoma, ukljucen je u organi-
zaciju dezmosomskog kadherin-plakoglobinskog kompleksa
i u sidrenje srednjih filamenata u dezmosome (38). Taj pro-
tein bio je medu proteinima snizene ekspresije u bolesnim
uzorcima, upucujuéi na to da je njegova ekspresija u dez-
mosomima epitela dzepa snizena. Razlog za to mogao bi bi-
ti podatak da gubitak stani¢nog kontinuiteta spojnog epitela
pridonosi stvaranju dzepa u trenutku kada se stanice epitela
odvoje od povrsine zuba (3, 39). Povecanje broja mononu-
klearnih i polinuklearnih leukocita takoder pridonosi fokal-
noj dezintegraciji spojnog epitela (40), permeabilnost spoj-
nog epitela mijenja se i sve to zavr$ava pojacanom filtracijom
GCF-a koja je ¢est klinicki znak ranog gingivitisa.

Kao i ostala proteomska istrazivanja ni nase nije identi-
ficiralo citokine za koje se zna da sudjeluju u patogenezi pa-
rodontne bolesti (9, 11, 41). Razlog je vjerojatno u ¢injenici
da su citokini prisutni u rasponu od pikograma u mililitru i
da ih zaklanjaju vedi proteini koji se nalaze u mikrogramima
u mililitru kao, primjerice, albumin. Kako bi se prevladali i
problemi identifikacije proteina, potrebne su nove metode za
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during periodontitis, and suggested them as new potential bio-
markers for monitoring periodontal disease activity (30).

Annexins are a group of calcium binding proteins that
are associated with inflammatory and defense response (35).
Although these proteins are related with the inflammatory
process, studies by Bostanci et al. and Grant et al. found that
Annexin Al and A2 are more likely to be associated with
periodontal health suggesting a possible role of these proteins
in maintaining periodontal health (9, 17). For Annexin Al
and A2, the results from our study were in accordance with
the above mentioned studies, but unlike Bostanci and Grant,
we have also identified Annexin A6 which was upregulated
in the diseased samples. Annexin AG has been implicated in
mediating the endosome aggregation and vesicle fusion in se-
creting epithelia during exocytosis. Further studies are need-
ed to document and explain the role of Annexin protein fam-
ily members in periodontal disease.

Our data also revealed upregulation of Histone H4
(P62805) and Histone H3.3 (P84243). Histones are nucle-
ar proteins that play a role in multiple biological processes
such as apoptosis, antimicrobial action and DNA structure
organization. Furthermore, histones play a central role in
transcription regulation, DNA repair, DNA replication and
chromosomal stability. Presence of elevated levels of histones
in serum has been reported in traumatic injury and sepsis
(36). Histones have been identified in proteomic studies of
experimental gingivitis showing downregulation at the end
of the resolution period (9). The upregulation of histones in
the diseased samples could point to their important role in
bactericidal activity. Future studies are needed to elucidate
the role of histones in periodontitis.

Among the most abundantly downregulated proteins in
the diseased samples were Desmoplakin, and Keratins type
I and II. Lower expressions of Keratins could indicate that
the turnover and differentiation of oral epithelia is decreased
in the gingival tissue affected by periodontal disease. This
finding is in agreement with a study of Bostanci et al. (17),
and confirms the well known fact that the turnover rate of
healthy sulcular epithelium is known to be the one of the
most rapid of all the epithelial tissues (37).

Desmoplakin, protein of desmosomes, is involved in the
organization of the desmosomal cadherin-plakoglobin com-
plexes and in the anchoring of intermediate filaments to the
desmosomes (38). 'This protein was shown to be among the
most downregulated proteins in disease, implying that the ex-
pression of desmoplakin in desmosomes is reduced in the pock-
et epithelium. This may be due to the fact that loss of cellular
continuity of the junctional epithelium attributes to a pocket
formation when epithelial cells detach from the tooth surface
(3, 39). Increased number of mononuclear and polymorpho-
nuclear leukocytes also contributes to the focal disintegration
of the junctional epithelium (40), and the permeability of the
junctional epithelium is altered leading to increase in GCF fil-
tration which is a common clinical sign of early gingivitis.

Similar to other studies using the proteomic approach, we
were unable to detect cytokines that are known to be involved
in the pathogenesis of periodontal disease (9, 11, 41). The rea-
son for this could be that these cytokines are usually present in
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pripremu uzoraka i prikupljanje podataka te novi analiticki
postupci koji se koriste analitickim algoritmima potrebnima
za poticanje otkrivanja proteina i pretvorbu detektiranih si-
gnala u identificiranu molekulu. Osim toga, koristenjem sa-
dasnjih tehnologija za analizu veceg broja uzoraka trebat ¢e
mjeseci ili godine kako bi se diferencirali proteini vezani za
bolesti od varijacija humanih uzoraka (42, 43).

Zakljucak

Ovo eksperimentalno istrazivanje prvo je istrazivanje
proteoma gingivnog tkiva i daje nam novi pogled na protein-
ski profil zdravog i bolesnog gingivnog tkiva. Nove spoznaje
mogle bi pridonijeti poboljsanju dijagnostike, prognostike i
boljem razumijevanju patogeneze parodontitisa. Tehnologija
LC-MS/MS pokazala se kao ucinkovita metoda za proteom-
sku analizu gingivnog tkiva. lako se u ovom istrazivanju us-
poreduju dva uzorka jednog pacijenta, rezultati pokazuju da
se ekspresija proteina gingivnog tkiva zahvaéenog agresivnim
parodontitisom znacajno razlikuje od ekspresije proteina kli-
nicki zdravog gingivnog tkiva te da se isticu neke skupine
proteina, kao $to su imunoglobulini, keratini, proteini koji
vezu kalcij i ostali koji jo$ nisu povezani s parodontitisom. U
nasem laboratoriju trenuta¢no jo$ traje istrazivanje na ve¢em
broju uzoraka, a zadak je karakterizirati i usporediti proteo-
me gingivnog tkiva zdravih i agresivnim parodontitisom za-
hvacenih mjesta.
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picograms/milliliter range and are overshadowed by larger pro-
teins that are present in micrograms/milliliter such as albumin.
To overcome such identification problems, we need new sam-
ple preparation methods, data acquisition and analysis steps us-
ing new data analysis algorithms which are needed to enhance
protein discovery and turn the detected signals into molecu-
lar identification. Furthermore, using the current technologies,
analyzing many samples will take months or years in order to
differentiate diseases related proteins from background varia-
tions in human samples which are enormous (42, 43).

Conclusion

This pilot study is the first study of gingival tissue pro-
teome providing a novel insight into the protein profiles of
gingival healthy and diseased tissues, which may contribute
to the improvements in diagnosis, prognosis and better un-
derstanding of the pathogenesis of periodontitis. LC-MS/
MS technology showed to be an effective method for the
proteome analysis of the gingival tissues. Although this is a
pilot study with one patient that compared two pooled sam-
ples, the results revealed that protein expression in gingival
tissues affected by aggressive periodontitis significantly dif-
fers from the protein expression in clinically healthy gingival
tissues, pointing out to some protein groups such as: immu-
noglobulins, keratins, calcium binding protein family mem-
bers and others previously not associated with periodontitis.
Larger sample size investigations are currently underway in
our laboratory in order to characterize and compare gingival
tissue proteome in healthy and diseased sites in patients with
aggressive periodontitis.
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Abstract
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Aim: The aim of this study was to find an optimal method to identify maximal number of proteins
from human gingival tissue samples in a patient with aggressive periodontitis using label-free
quantitative liquid chromatography mass spectrometry technology (LC-MS/MS), and to compare
proteome of healthy and diseased gingival tissue samples. Materials and methods: Four gingival
tissue samples (2 healthy, 2 diseased) were obtained from a nonsmoking female patient suffer-
ing from severe generalized aggressive periodontitis. Proteins from the tissue lysate were sepa-
rated by 1D gel electrophoresis, in gel digested, measured by nano-scale HPLC system coupled
to a mass spectrometer through a nano-electrospray ionization source. Raw data were processed
by MaxQuant software. Results: Label-free quantitative LC-MS/MS analysis together with sam-
ple preparation, 1D gel electrophoresis and in-gel digestion showed to be an effective method for
the proteome analysis of the gingival periodontal tissues. A total of 2429 proteins were identified
and quantified. Among proteins upregulated in disease were: |g gamma-1 chain C region, Ig kap-
pa chain C region, Ig gamma-3 chain C region, and among downregulated proteins in the disease
were: Desmoplakin, annexins, S100-A8/A9 proteins, and keratins. Conclusions: This pilot study is
providing a novel insight into the protein profiles of gingival healthy and diseased tissues, which
may contribute to the improvements in diagnosis, prognosis and better understanding of aggres-
sive periodontitis pathogenesis. LC-MS/MS technology proved to be an effective method for the
proteome analysis of the gingival tissues.
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