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MEJUIIMHCKOT ®AKYJITETA Y HULITY e =
OJIBOPY 3A TOCJIETAIIIOMCKE CTYIUJE v |06 | {151 & |

IIpenmer: Pedepar xomucuje u oreHa uspahene
JIOKTOpCKe AucepTalmje acucT. Biagumupa
IlerpoBuha

OmnyxoM HacraBHo-HayuHOr Beha MemunuHckor ¢akynrera YHuBepsutera y Humry 6p.
04-MM-21/06, noHeroj Ha cemHUIM oApxaHoj AaHa 12. 1. 2015. rox., a nmo npeanory Oxbopa 3a
IOCJIETUIUIOMCKE CTYAHWje, npuxBaheH je u3BemTaj MeHTopa, nou. aAp Anekcanapa Ilerposuha, o
u3paleHoj MOKTOpckoj aucepranuju acuct. Brmamumupa I[lerpoBuha u3 Hwuma, crynenra JAC-
MOJIEKyJlapHa = MEJMIMHA, TO0A OJ00OpeHMM  HacioBoM: ,,CBETJIOCHOMHUKDOCKOIICKA H
UMyHOXHUCTOXEMHjCKa  CTyIQWja  OpraHM3alije =~ TyMOpCKe  CTpoMe  KOJA  pa3IMYMTHX
IIaTOXUCTOJIOMIKMX THIIOBa 0a3olenyapHOr KapIMHOMAa KOXe YOBeKa™ U MMEHOBAHH Cy WIAHOBH -
KOMHCH]€ 3a OIIEHY U 0A0paHy TOKTOPCKE JUCEpTaIHje Y cacTaBy:

1) IIpo¢. np MBan Huxoauh, npeacennux

2) IIpo¢. np Bepuna AppamoBuh, 4wian

3) IIpod. ap Aparan Muxaunosuh, 4ian

4) Ilpod. ap 3aatubop Anhenxosuh, ynan ca M® y IIpumTHHHE ca ceAumTeM y
KocoBckoj MurpoBunm

5) Jou. np Anexcanaap IlerpoBuh, MenTOp 1 4iaH.

VYV cximagy ca rope HaBegeHoM OJUIyKOM, a HaKOH JETaJbHOT IIperjiefa CIIOMEHYTe
IoKTopcke aucepranwuje, Komucuja mognocu cienehu

MN3BELITAJ

I O noganu

Hoxropann, Bnagumup Ilerposuh, nokrop Menunune, acucTeHT y HactaBu Ha Karenpu 3a
XHCTOJIOTH]Y W eMOpuosorujy, Meaunuackor ¢akynarera y Humy, o6aBuo je cBoje
© TIOCTEUIUIOMCKO HMCTpaXHBame MocBeheHo W3pamdl MOKTOpCKE MAUCEpTalldje IO HacIOBOM:
,,CBETJIOCHOMHKPOCKOIICKA U HUMYHOXHCTOXEMHjCKA CTyIHja OpraHU3aluje TYMOPCKe CTpoMe KO
pa3IMYUTUX MATOXUCTOJIOUIKMX THUIIOBA Oa3oLelyslapHOT KapIMHOMAa KOXE€ 4YOoBeKa™, Ha
‘Memuuunckom @akynrery y Hwuimny, mpu IleHTpy 3a maroinorujy M IaToJOUIKYy aHAaTOMHJY
Kimuanukor Ilentpa y Humy, kao u y naboparopujama Katenpe 3a XHCTONOTHjy ¥ eMOPHOIIOTH]Y.
3a mpUMeHY HCTPaXHUBAYKE METOJOJIOTHje Ha apXWBCKOM ITaTOXHCTOJIOIIKOM MaTepHjaly, HMa
omobpeme Etnuxor komutera Memununackor ¢akynrera y Humy (pememe 6poj: 01-9337-8/1; on
3.11.2014. rox.)

Ha ocuoBy omnyka HacraBHo-HayuyHor Beha Memununckor ¢axynrera y Humy (ox 5
bebpyapa 2014. rox., 6p. 04-MM-21/06; ox 4. jyma 2014. ron., Op. 14-5377-4 ), CarnacHoctu
Hayuno-ctpyunor Beha 3a MequnuHcke Hayke YHuBep3utera y Humry (ox 6. maja 2014., 6p. 8/19-
01-003/14-034) u pemema mpojekana 3a mocieaumioMmcke cryauje M®-Hum (ox 21 maja 2014.
rof., 6p. 04-MM-21/06; ox 24. jyna 2014. rox., 6p. 04-4839-2), y cBOjCTBY HIMEHOBAaHOT MEHTOpA
CTYJEHTY JOKTOPCKMX aKaJeMCKUX CTyIHja MOJIeKyIapHe Meauiune, Biagumupy Iletposuhy, npu
U3paaM  JOKTOPCKE  JUcepTaimdje  IOoJ  HacloBoM:  ,,CBETIOCHOMHMKDOCKONICKA  H
HMYHOXHCTOXEMHjCKA CTydHja OpraHu3amnHje TYMOpPCKe CTpOMe KO  pasJIH4YHTHX
NMATOXMCTOJIOMKHX THIOBA 02301 eIy IAPHOI KAPIHHOMA KOKe Y0BeKa”.
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II OaHoc TOKTOpCKe AUCEPTaIHje MpeMa NPHjaBU | 0100pemy Teme

JlokTtopcka mucepranuja je ypaheHa y mpeaBHEHOM BpEMEHCKOM pOKY M y CKJIaay ca
00pa3noXkemeM Koje je KaHIuIaT MPHJIOKHO IPUIIMKOM IIpHjaBe TEME, a HacloB Te3e OAroBapa
canpxajy uspahene qucepranmje. TokoM U3page JOKTOPCKE AUCEpTalyje HUje OUIo oacTynama 01
IIOCTAaBJbEHUX LIUJBEBA, @ METOIOJIOTHja j€ U3Be/IeHa IIpeMa IUIaHUPAHOM.

Kanmunar je o6jaBuo jemaH paj u3 y)xe HaydHe obiacTu nokropara, Petrovi¢ V, Stefanovié
V. Dental Tissue - New Source for Stem Cells. Scientific World Journal 2009; 9: 1167-1177. IF:
1.658 (M21), xoju ce THYe ,,IJIACTHOHMTETA® W MHAYNHOMIHOCTH Me3eHXHMCKHX heiamjckmx
IomyJjanHja JbYACKOr OpraHM3Ma y HIW/bY HbHX0OBe H3oJanuje, perudepeHnujanuje u
KJIOHAJTHE eKCNaH3Hje Ka OHOMHXKEmepPCKH MOroAHHM (EHOTHIOBHMAa IOrOJHHM 3a
TepanujcKy ynorpedy y caBpeMeHoj ,,peKOHCTPYKTHBHOj MEAHLIHHU .

ITI TexHHYKH ONHC JOKTOPCKE THCEPTALHjE

JlokTopcka auceprainyja acucteHTa Binagumupa [lerpouha HanucaHna je Ha 146 crpaHa u
npema npenopykaMa HacraBro-Hayunor Beha Memunmackor ¢akynrera y Humny 6poj 14-1904/3.
CnomeHyTa JOKTOpCKa JUCEpTalyja ce cacToju M3 9 moryiamipa IOA HacloBuMma: YBoz, Ilpernen
nutepatype, Pagna xumoresa, [{us ucTpaxuBama, Marepujan u Merone, Pesynratu, Jluckycuja,
3akpyyak U Jlutepatypa. JlokyMeHTamuja MOKTOpaTa cagpXu 16 KOMIIO3MTa OpUTMHAIHUX
MuKpodoTorpaduja, 2 memarcka Ipukaza, U 2065 IUTepaTypHUX HaBoja y BE3H ca TEMOM
HCTPaXUBakA.

IV Cagp:kajHa cTpyKTypa JOKTOpPCKe JHCEepTaIHje

Y ¥YBoay IOKTOpaTa HCTaKHYTH Cy KOHIENTYaTHH W TPAKTUYHU NpoOJIEMH Be3aHH 3a
HACTaHaK, pacT M OpPraHMW3allfjy pa3IHYUTHX IaTOXHCTOJOIIKAX THUIIOBAa ©Oa30IeTyIapHOr
KapIHOMa KOXXe, Kao jemHe O Hajuemnux HEOIIaCTHYHHMX ajTepaldja doBeKa, a y CBETIy
HOPMAJTHUX H EMUTETHO-CTPOMAIHIX OJHOCA IIPH HEOILTACTHYHO] aITepalliji HHTETYMEHTyMa.

Ilpernex JuTepaType, Haje yBHI Yy IOCQJalllibe HAy4YHO-CTPYYHE Hajase Be3aHE 3a
OpraHu3aIyjy KOXe, IeHHX eMUTEHUX ¥ CTPOMATHHX KOMIIOHEHTH, KOjeé MOry OWTH IOBe3aHe ca
€THOIaTOT€HETCKMM MEXaHH3MHMa HacTaHKa, pacTa M OHMOJIOIIKE arpeCUBHOCTH 0a3oIelylapHUX
KapIUHOMa KOXe, KpO3 IHHXOBY IPHIIATHOCT OJpeeHOM IaTOXMCTOJIOMKOM THILY, ¥ OIHOCY
TYMOPCKHX €MUTEIHHX heldja mpeMa Y03 TYMOpPCKe CTpoMe Yy pa3Bojy HeoruiasMu. [Ipersen
JMTEpaType BE3aH 3a OpraHU3alMjy TYMOPCKE CTpoMe Oa3olenyIapHuX KapIHHOMa KOXKe 00aB/bEH
je cBeoOyXBaTHO, KpO3 JIUTEpATypHE HaBOJe KOjH Cy CIIOMEHYTH ()€HOMEH IpHKa3ajld Kpo3
pa3IHUNTE HUCTPAKUBAYKE METOJEC W Pa3JIMUUTE aCIeKTe MUCIMTHBAHUX THUNOBa 0a3olelysapHOT
KapIMHOMa KOX€ YOBeKa, ali je IEHTPaJHO MECTO JaTo, IOopeKily hemmja Tymopcke CTpoMe,
¢bubpobiacTHMa TYMOPCKE CTpPOME, Ka0 M MOJIEKYJIapHHM IToKa3areJbuMa MOpQOJIOIKe U Apyre
HCTPaXKMBAYKe JETEKIIMje ME3EHXUMCKHIX MYJITHIIOTCHTHUX henyja.

Paagna xumore3a je HM3HETa KpO3 OYECKHBAE pa3iHKa [0 NHUTalkby XUCTOXEMUJCKHUX HU
HMYHOXHCTOXEMHM]CKHAX ~ IIOKa3aTe/ba EMUTEIHO-CTPOMATHHUX OIHOCa H3Mel)y  pasiu4yuTHX
XHCTOJIOMKUX GopMu Ga301eTyIapHOT KapIIHHOMAa KOX€e JOBEKa.

[Tpema mo3HATHM JTUTEPATYPHUM IIOIAIIMa ITOCTABJbEHA je cileficha XUIIoTe3a y HCTPaKUBambY:
Kox pa3muuuTuX . MaTOXHCTOJOIIKHX THIOBAa 0Oa3olLenysJapHOr KaplHHOMa KOX€ YOBEKa
(cynepuuHUjanHy, CONUIHO/IMCTAYHHA, HOAYJIApHH, WHOHITPATHBHH, 0a30CKBAMO3HH) IOCTOj€
pasiuKe y MMyHOXMCTOXEMHjCKOM Mapkupamy antureHa CD34, CD90 u Ep-CAM y TyMOpckoj
CTPOMH M €IHTEIHMM CTpykTypama. OCHM 0BOra, IpeTIIOCTaB/aMO Ja MOCTOje pa3jiuke u3Mehy
HMYHOXHMCTOXEMHjCKOI MapKupama u3Mely HaBeleHHMX THIOBa 0a30LeNlyIapHOr KapUHHOMA H
BUMa Ipunanajyhe nepuryMopcke Koxe.
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YerBpTo moryiaBbe HOCH Ha3us, Ilmib HcTpakuMBama U JEIUIHO HCTHYE CBOjy ciexehy
CaJlpXXKUHY:

1) EBumeHTHpaTH WMYHOXHCTOXEMHjCKO IIPUCYTHOCTBO ¥ MODP(QOJOMKY IUCTPHOYIH]Y
autureHa CD34 u CD90, y Be3UBHOTKMBHUM, BacKyJapHHM, HEPBHUM H €NHJIEPMAIHUM
CTpYKTypaMa pa3IMYUTHX IIaTOXHCTOJIOIIKMX THUIOBAa 0a30IelyJapHUX KapIUHOMa H
npunanajyhe nepuTyMOpCKe KOXe YOBeKa.

2) VIMyHOXHCTOXEMHjCKO HCIHTHBame Tomorpadpcke muctpudbynuje antureHa Ep-CAM, y
CMHUTEIHAM CTPYKTypaMa O0a30oLeNlyJapHUX KapIWHOMA, PAa3MUUTHUX IaTOXHCTOJOMIKHUX
THIIOBA U Y CTPYKTypama Ipunanajyhe nepuTyMopcke Koxe.

3) Ognpemutd Mukporomorpadcky KOJOKATH30BAHOCT HMYHOXHCTOXEMHUjCKE HIPUCYTHOCTH
autureHa Ep-CAM, CD34 u CD90 KoI HCIMTHBAHHX IIaTOXMCTOJIOIIKMX THUIIOBA
OasouenyNapHUX KapIuHOMa KO)K€ YOBEKa, a YHyTap HHXOBHX TYMOPCKHX pEruoHa:
HOBPUIMHCKOM, CpEIUIIEheM, O0OYHOM M TyOHHCKOM, Kao ¥ Yy IpHunanajyhoj nepuTyMopcKoj
KOXH OMOIICH]CKOT y30pKa.

ITornajre Marepujaax U MeToAe, CaapXH JeTajbaH OINUC Y30pPKOBaWka HCIHUTHUBAHUX
OuomncujcKuX y30opaka Koxe 4OBeKa ca pa3IMYUTUM NTaTOXUCTOJIOIIKUM TUIIOBUMA Oa301ieiTyIapHOT
KapIHOMa M HXOBY 00panmy mo mapaduuckux kamyma y LlenTpy 3a maronorwjy KimmuHudxor
IMentpa — Hunr, u u3Bohema XHCTOXEMH]CKUX, UMYHOXUCTOXEMHU]CKUX, METO]a HCTPAXKUBAmka HA
Karenpu 3a xucronorujy u em6puonorujy Meauuunckor ¢akynrera y Humry. I'pyne ucrpaxusama
cy oopMibeHE IpeMa clielehuM MaTOXUCTOIOIKAM THIIOBUMa 0a301eTyIapHOT KaplIMHOMa KOXKe:
1) BuKK commanor (mupkymckpuntror) tana (n=20), 2) buKK noxyaapuor tuma (n=20), 3)
BuKK wunduarparuBror tuna (n=20), 4) buKK cymeppuuujamnor tuna (n=20) u 5) buKK
0asockBamosnor tuma (n=20). Ha Karempu 3a xwucronorujy u emOpuonorujy MeauuuHCKOT
bakynrera y Humy, a Ha WCHHTHBAaHMM Y30pIMa Tymopa, H3BeleHa je En Vision
MMYHOXHCTOXEMH]CKa MeTOJa NpuKazuBama antureHa CD34, CD90 u Ep-CAM (BerEP4), xao u
XUCTOXEMHjCKO Oojere MoaubukoBaHoM MoBaToBOM mmeHTaxpoMckoMm MertonoMm. Ha Karenpu 3a
XHCTOJIOTH]Y U eMOpuosorujy Memumuackor ¢akynrera y Humy ynmorpedom mukpockona Olympus
BX50, ompemibeHOr auWruTamHOM KamepoM Leica DFC 295, HaummeHe Cy KOJOp
MuKpodoTorpaduje HCHUTUBAHUX CiIydajeBa Oa3oleNyslapHUX KapLHHOMa KOXXE€ YOBEKa, I0J
paznuuutuM noBehamuma ox x40 go x2000. Y yetupu ocHOBHA Tororpadcka peruoHa CBakor Of
UCIUTUBAHUX TyMmopa (LOBPUIMHCKOT, CpEIOMINIEr, IyOokor u OOYHOT) M3BpIIEHA je
CBETJIOCHOMHKPOCKOIICKA W IEeCKpPUIITHBHA aHaIHM3a, Kao M Kopenanuja ca OpOjHHM JApPYTHM
3HAYajHUM II0Ka3aTeJbMa TYMOPCKOT pacTa, MHBAa3UBHOCTH, JTU(EpEeHIHjaluje, Ka0 U CTPOMAIHO-
EUTETHAM OJJHOCHMA.

[TornaBre Pesyararm, je OpraHu3oBaHO [UIAKTHYKH y Behum Opoj XujepapxujcKu
ofpel)eHUX IIeNHHA, a ca OCHOBHOM IIOJIEJIOM Ha MoTnoriasba: Cynepbunujanau 6a3onenyiapHu
KapiuHoM - koxe, CoONUAHO/UUCTHYHH  Oa3omenynapHd KapuuHoM Koxe, Hoxynapau
OazouenynapHd  KapuuHOM  koxe, VHbunTpatuBHM  0a3olenylapHM  KaplIHHOM  KOXE,
BazockBaMo3HH 0Oa3olenyJapHi KapIuHOM Koxe, IlepuTymopcka Koxa OHOICHJCKHX Y30paka
OaszonenynapHuX KapiugHoMa. YHyTap MOp(OJIOIIKUX OCOOMHA CBAKOI O MCIIMTHBAHUX THIIOBA
6a3olenyTapHAX KaplIHHOMa, Kao M MEPUTYMOPCKE KOXKe Jara je ONInTa MHKpoMopdoioika
aHAJTN3a UMYHOXHUCTOXEMH]CKE peaKTUBHOCTH Ha aHTUreHe CD34, CD90, Ep-CAM, ca noceGHUM
YBHJOM y TKHBHE oOpaciie pacra U JudepeHiyjangje TyMopa IpeMa HOpMaIHUM U HEOIUIAaCTUYHO
ANITEPHCAHMM EIUTETHO-CTPOMATHAM ofHocuMa. Haj3HauajHHju pe3ynTaTH onimre MOp(oIoIIKe
aHayu3e JIOKYMEHTOBaHM Cy ca 16 KOMIIO3WTa OpHUTHHATHHX MHKpodortorpaduja y Ooju u
nparehuM o6paznoxemuMa. _

V nornasby Jluckycuja, cBH JOOHjeHH pe3yiTaTH Cy Ha aleKBaTaH HayMH 00jalleHH U
TIOTKPEIUBEHH HAYYHHM U CTPYYHHM YHI-CHHIIAMA M3 CTApHjUX U CaBPEMEHMjHX, Ka0 M CTPAHHX H
nomahux McTpaxkuBama. J[UCKycHja CaapXd KOMIapanujy AOoOHjeHHX pe3yirara ca pe3yiraTuma
IPYTHX ayTopa ca MCTHIAlEeM OJCYCTBAa JMPEKTHE M OuHINeqHe Bese usMmehy Mopdosoruje
HUCIIUTHBaHUX TyMOpa M IHbMXOBE OHOJOINIKE AarpecMBHOCTH, y3 pasMaTpame H - I0Ka3aresba
OpraHu3alldje eMUTEeTHO-CTPOMAIHIX OTHOCA Y IIEPUTYMOPCKO] KOXKH.
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V ‘mornaspy, 3ak/by4ak, TAaKCAaTHBHO Cy H3BeJeHE 3aK/bydHe MHopManHje Koje
MIPOM3HMIIa3e U3 JOOUjEHUX pe3yJITara, a y CKJIaay ca I0CTaBJbeHUM LIUJbEBUMA HCTPAXKHUBAKA:

1. Bazamuomcke henuje TYMOPCKHX IHe3/la HCIIMTUBAHUX THUITOBA 06a30I1e/TyIapHUX KaplIUHOMA
KoXe  (CONMMIHO/IMCTHYHH, CcynepUIHjaIHH, HOAYJAPHH, HHQUITPATUBHH |
6a30CKBaMO3HH) IIOKa3yjy OICYCTBO HMMYHOXHCTOXEMM]CKOT obelexkaBama Ha aHTHICHE
CD34 u CD90, mox je MMyHOXHCTOXEMHjCKAa pPEaKTHUBHOCT IipeMa aHTureHy Ep-CAM
OpUCYyTHa Ha MeMOpaHama Oa3amuoMckux henMja CBHX MCIHTHBAaHMX  THIIOBA
OasoleylapHiX KapIMHOMa KOXe ca TEeHICHIM)OM Iaja MHTEH3UTeTa MAapKUPaHOCTH 10
IOTIYHOr TyOWTKAa. Ha MeCTHMa CKBaMO3He IuTomudepeHIyjanyje I[10jeIuHaYHUX
TYMOPCKHX THE3/1a.

2. Tymopcka cTpoMa HCIHUTHBAaHHX ITATOXHMCTOJIOIIKMX THIIOBA 0a30IeyIapHUX KapIuHOMa
KOXKE€ TOKa3yje 3Ha4ajHO Behin OIMINTH CTENEeH UMYHOXHCTOXEMH]CKE NMO3UTHBHOCTH IIpeMa
agtureny CD90, y omHocy Ha aHTuredH CD34, mpu dYeMy ca IopacToM OHOJIOIIKE
arpeCHBHOCTH 0azolelyJapHHX KapImHOMa KOXXe J0Ja3H IO IopacTa BeIHYHHEe U Opoja
¢bubpobacToauux henmja TyMOpcke cTpoMe.

3. Cueuubunynu obpazarn TUCTpHOyIIHje HMYHOXUCTOXEMH]CKE PEaKTUBHOCTH
OazonenynapHUX KaplEHOMa Koxxe Ipema aHturesnma CD34 u CD90, y npBoM peny je
oJpeleH MocTojameM pa3IMIHTHX BHIOBA OpraHU3alMje CTPOME TyMOpa U MePUTYMOPCKOT
pEerroHa, IMOYEBIIH OJ MOHOMOp(HE OpraHu3aluje TYMOPCKE CTPOME, Kao KOJI
cynepdunyjarnor tuna buKK, iy Moxe nokasatd pa3jIMYUTOCT BUA0BA BE3UBHOTKUBHUX
MopGoJIoTHja, HACTATHX TYMOPCKOM JIMTHYKOM pEMOJETAlldjoM JeoBa JepMa, I10jaBOM
JICTCHEpUCAHUX OOJIMKa BEe3WBa, K&0 ¥ HOBOCTBOPEHMX THIIOBA CTPOMAaJIHE OpraHHU3alyje:

. aICHOMIHO/MHUKCOHMHE, ME3CHXHMOHUIHE, HWHIAYKOBaHE, pEaKTUBHE, pedpaKkToOpHE,
JIe3MOTLIaCTHYHE, aTpOGHYHO-KOMIPUMOBAHOT (PUOPO3HOT BE3MBHOT TKHBA PETUKYJAPHOT
JepMa | CoJIapHe eJIacTo3e.

4. Ha OCHOBY HMYHOXHCTOXEMH]CKOI MapKupama Ha aHtureH CD34, nepuHOIyIapHa
TYMOpPCKa CTpOMa MCIUTHBAHUX THUIOBa 0a3oleyTapHUX KaplIUHOMa KOXE je PerHoH ca
YMEPEHO BacKyJapHOM JO XHIOBacKyjapHe Mopdoioruje u ca CD34 HeraTHBHUM
BE3UBHOTKHBHUM henijaMa, 0K e Y MHTEPHOMYJIApHO] TYMOPCKO] CTPOMH, Koja je 1o6po
BacKyJapH30BaHa, HMYHOMO3WTHBHOCT Yelnlie youaBa y €HIOTeNy, Hajdernhe MamuX
MuUIMhHUX apTepuja, apTepuoiia U nparehinx BeHCKUX CyloBa, anu $uOpobiacTu Tymopcke
CTpOMeE IOTJIABUTO MOKa3yjy 0acycTBo CD34 MMyHONO3UTHBHOCTH.

5. Kox HomymapHor THma 0a3oIlenyJapHOT KapIHHOMa KOX€ MECTHMHYHO II03UTHBHA
‘peakuuja Ha aHTUreH CD34 y ¢ubpobnactiMa HHTEPHOIYJIapHE H TEPHHO/TY TapHe
TYMOpPCKE CTpOME jaBjba Cce Kao pe3yiraT Behe XeTeporeHoCTH Yy HeonnacquOJ

. mudepeHIHjayju OBOra TUIAa KapIuHOMa.

6. VIMyHOXHCTOXEMHjcKa peakTHBHOCT Ipema aHTureHy CD90 koI HCIHTHBAaHMX THIIOBA
6a3o1esyIapHOr KapliiHOMa KOXe MapKHupa TYMOPCKY CTPOMY y HEIHHH, IIPU YEMY j& KOX
Iu(EepeHTOBaHWjUX THIIOBA, Ka0 INTO Cy CONHIHO/LIUCTHYHH M CynepduiyjanHu
OazolemnyiapHy KapIlMHOM KOJXXE, jadyer crerneHa obenexaBama U IPUCYTHOM MHUKCOHUIHOM
0 HHIYKOBAaHOM CTPOMOM, JOK Koj wuHGMITpaTHBHUX (opMu  (HOZyJIapHH,

" ”HQUITpAaTHBHYU, 0a30CKBaMO3HH) 3a700Mja OMIITH Iaj MApKHUPaHOCTH, y3 3aIpiKaBambe
MO3UTHBHOCTH Ha TYCTO IIOCTABJbEHHM, KPYIHHM MEpUHOMYJIApHUM (pubpoOrIacTouIHIM
henujama TyMOpCKe CTpoMe.

7. YV peonmMa TYMOpPCKHX Maca 0Oa3oLieNylapHOT KaplIHHOMa KOXe, CyOenmuaepMaiHo H
m3Mel)y MecTa CIojeBa TyMOPCKHX THe3Ja ca IIOKPOBHHM emuuepMoM, CD34 aHTHTIeH je
OICYyTaH -Cca BE3MBHOTKMBHHMX henuja, npukasyjyhu MopQoJOmKy CIHKY CIMYHY
MaMWIapHOM AEpMY IEPUTYMOpPCKe Koxke. CIIOMEHYTO BE3MBHO TKHMBO, Y PEOHY TyMopa,

_yBeK je Bucoko CD90 MO3WTHBHO U Jaje jacaH KOHTPACT IIpeMa 3HadajHo Hmxoj CDI0
IIO3UTUBHOCTH IaNMJIAPHOT JiepMa OKOJIHE KOXKE.
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- 10.

11.

12.

13.

14,

15.

16.

VY3aHU mojac KOXe jyKCTaTyMOPCKOT PErHoHa IOKa3yje BHCOKH CTeNeH obenexxaBama Ha
agTureie CD34 u CD90, npu 4eMy WHTEH3UTET OBE HMYHOXHCTOXEMH]CKE PEAaKTHBHOCTH Y
KpaTKOM OJiceKy mpema nepudepHHjU Tafa 0 HUBOA MHTEH3UTETAa MApKHPAHOCTH KOjH
IIpEoBJIaJaBa y OCTaTKy Koxke Ouorcujckor y3opka. Ko mudepentoBanujux tumosa KK
(cynmepdunujarHOr U CONHMIHO/IMCTAYHOT) OBa 30HA TpaHchOpMandje CauyMibeHa je Of
KOMIIPUMOBaHO-aTpoGHIHOr GHOPO3HOT BE3UBHOI TKHBA OKOJIHOI PETHKYJIAPHOT JepMa, a
KO/l HOMYJIApHUX, HHQUITPaTUBHUX U 0a30CKBaMO3HUX OazoLelylapHUX KapIMHOMa OHa
nokasyje Behy mmprHy ca TeHICHIIH]jOM Iajia lheHE OIPAaHUYCHOCTH U CTPYKTYPUCAHOCTH.
Hopmannse enmtenHe CTpyKType KOXKe, €IHAEPM U EMUTEN aJHeKca IO0Ka3yjy OICYCTBO
CD34 u CD90 uMyHOXHCTOXEMH]CKE PEeaKTUBHOCTH. M3y3erak umHe henmuje croballmer
OMOTa4ya HEBEJIO3HUX (OoMKyna IUlake, KOje IMOKa3zyjy HHTEH3HBHY HMYHOIIO3HTHBHOCT
npema astureny CD34.

CD34 no3utuBHe dudpodnacrounne henuje 3amaxajy ce y NepHagHEKCATHOM JIEPMY OKO
MEIIKOBA JIOJHHUX JKJIE3[a, CEKPELHOHHUX KIyIKa MEpPOKPHHHX 3HOJHHX KJIE€3/1a, OKO
HCTMHUYHOT U HHQYyHAHOyIapHOTr fnena Goiukyna amake, Oko muocebamnearHor KaHaia, Kao
U y nepuMu3ujyMy Mumumha xoctpemnuka. CD34 MMyHOIO3UTHBHOCT je MPUCYTHA M HA
nojeauHavYHEM GHOPOOIaCTHMA PETHKYIAPHOT JepMa MOP(OIIOIIKHA HOPMAJTHE KOXKE.
@ubpobnactu nepuagHekcantHor aepMa cy CD90 HMYHOIO3HTHBHH OKO CEKPEI[HOHHX
Ki1y06aau 3HOJHUX JKJI€3/1a, y3 muiocebariealHe KaHajie ¥ HICTMHYHE peruje GoHKyia JIaKa,
JIOK je 3Ha4ajHo cliabuja eKcrpecHja, 10 MOTIIYHOr OJCYCTBA OKO MEIIKOBA JIOjHHX JKJIE3/a,
nanuia 6ynbyca ¢ponuKyna amake ¥ U3BOAHUX KaHala 3HOJHUX JKJIe3/1a.

Qubpobiactu HHTEpdaACUUKyIaAPHE 30HE PETHUKYJIAPHOT AepMa IOKa3yjy HHTEH3UBHY
UMYHOXHUCTOXEMHJCKY pPEaKTHBHOCT mpeMa aHTureHy CD34 wu cnabujy, OO MOTIYHOT
ozicycTBa, mpema antureny CD90.

WnTtepcrunyjanso, uaMely npuMapHUX CHOTIOBa ¢aciuukyryca GHOPO3HOT BE3HBHOT TKHBA
PETHKyIapHOT JepMa, IpHcyTHe cy CD34 mo3uTHBHE BIIAKHACTE€ CTPYKType, Koje
HajBepOBaTHHUje Npurnanajy ¢pudpodiacTuma BacKyIo-enacTudHe HHTEpGhaCIUKyIapHe 30He
PETHUKYJIApHOT JepMa. :

Enurenne henmje cexpenmoHmx wiry0amy 3HOJHMX JKiIe3la IIOKasyjy MeMOpaHCKY
UMYHOXHUCTOXEMHU]CKY IO3UTHBHOCT Ha aHTUTeH Ep-CAM. Y OmxeM peoHy TYMOPCKHX
Maca aHTureH Ep-CAM youdaBa ce M Ha MeMOpaHaMa ENMTENHHX heiHja -CIoJballmber
OMOTaua JjTaKa.

JenuHa MUKpOCKOICKa KOJOKaTH3alHMja Y HOpMainHOj Koxu aHtureHa CD34 u CD90 ca
IPUCYCTBOM CyNn(aTHCaHUX TJIMKO3aMHUHOTJIMKAaHa, OOCNEeKEHUX allHjaH IUIaBOM, CY
IIEpUaJHEKCAIHA JepM M JIe0 INPHAPYKEHOI HHTepMEAUjapHOI IepMa OKO H usMelhy
MCTMHYHOT perroHa (oJMKyIIa J1aKka ¥ H3BOJHUX KaHaa cedalearHux jKie3/a.

Vnorpeba  XHCTOXEMHjCKMX  METOJa 32  CBETJIOCHOMUKDPOCKOIICKO  JOKa3HBambe
cynadaTucaHuX TJIMKO3aMHHOTTHKaHA y JyOJbMM JIEIOBHMA PETHKYJIAPHOT JepMa HWITH
XHIoaepMa mnosehiaBa yOUBHBOCT PaCIpPOCTPAEHOCTH TYMOPCKHX THE3J[a B MOXE MMAaTH
HETOCPEHY JMjarHOCTHYKM 3Hayaj y oapehuBamy cremeHa OJICTPAHEHOCTH TYMOPCKHX
Maca MHQUITPaTHBHUX W 0a30CKBaMO3HHX THIIOBA 0a30IETyNapHOT KapIHHOMAa KOXKe
yoBeka, Oymyhu nma Tymopcka rue3na paHe MHGWITpalMje MHHUMATHOT hemmjckor Gpoja
6uBajy npahena mosehameM CIOMEHYTHX CacTOjaKa eKCTpaIeNyJIapHOT MaTpHKCa.



V OueHa Hay49HOTr JONMPHHOCA JOKTOPCKe AHcepTaLHje

JlokTopcka  amceprammja, acucTeHta Brmagumupa IlerpoBmha noxn  HasuBoMm:
«CBETIOCHOMHKPOCKOIICKAa 1 UMYHOXHCTOXEMHUjCKa CTyIHja OpraHu3aluje TYMOPCKE CTpOME KOJ|
Pa3IUYUTHX ITATOXMCTOJIOIIKHAX THUIIOBa 0a30IleyIapHOr KapIHHOMa KOXE YOBEKay, NpeJCcTaBiba
OpMTHHATaH HAyYHO-UCTPA)XKHUBAYKHA pal Ca 3HAYajHUM HAy4YHHM JONPHUHOCOM Yy oOnacTH
Xucronoruja u emOpuonoruja. Jlucepraumja je ypaheHa 1O CBMM IpPHHIMIKMA Hay4HO-
HCTPaXHUBAYKOT pana, ca ao0po AehUHHUCAHHM IMJbEBHMA, aJeKBaTHOM METOAOJIOTHjOM H
3aKJbYUIMMa KOjH Cy Y CKJIaAy Ca MOCTaB/bCHUM IIMJbEeBHMa. METOM0IOTH]a je 1aTa 0 NPaKTUYHUX
JeTajba U Y TaKBOM OOJIMKY MO)K€ OMTH NMpUMEHJbHBA Ha TKMBHUM Y30pLIHMa HEOIUIACTHYHHX
anTepalyja KoJke WM Ipyrux opraHa. JIokTopcka aucepranuja acucTeHTa Biamumupa Ilerposuha
HallMCaHa je JaCHUM M NPENU3HHM CTHJIOM, W Ipy)Xa WHBEHTUBHH M MHOBATHBHH YBHI Yy TEMY
ucTpaxuBama. OBO HCTPaKUBAKE aHATH3UpA 3HAYa] CIUTEITHO-CTPOMAIHUX OJHOCA MCIIMTHBAHUX
TYMOpa Kao ¥ HBUXOBe OHOJIONIKE arpeCHBHOCTH. J[0OujeHu pe3ynratu Ou Moriu jia Hahy npuMeHy
U Yy CBaKOJHEBHO] JHMjarHOCTHYKO] ITATOXHCTOJOINIKO] IIPaKCH, IpPH IPOLEHH OHOJIOLIKOr
oTeHIMjasla 0a30LeTylapHuX KapIMHOMAa KOXe, a METOAOJIOMKH IPUCTYII, y JApPYrHM
MOP(OJIOIIKHAM UCTPaKUBAFbUMa HEOTUIACTUYHHUX JIe3Hja.

VI Ouena kanauaara

Kangunar, acuct. Bmamumup IlerpoBuh, mokazao je mo3HaBame IpaBUIHE YNOTpebe
CTaH/JapJHUX METOOJIOIIKHAX IOCTylaKa y H3Bohemy HayYHO-UCTPAKUBAYKOI paja, NMPaBHIHOT
pasBpcTaBama M aHaIu3e MOOHjeHHX HCTPAXMBAYKUX pe3yiraTa, yHoTpebe CTpydyHe M HaydyHe
JHUTEpaType, aJeKBaTHOT TyMadera COIICTBEHHX H HAayYHO-HCTP)KMBAUYKHX pe3yJiTara APYIHX
ayTopa, ca KOHaYHHM H3BOhemeM 3aKjbydaKa CIpOBEJIECHOT UCTpaxXuBamka. CBOJUM MHBEHTHBHUM U
HHOBATHBHHAM paJoM y OKBHPHUMAa CBOje JOKTOpCcKe aucepranuje, acucT. Bmamumup Ilerposuh,
JIOTIPUHEO j€ HOBHM IIOTJIEIOM Y QHAIHM3H IUTamkha EIUTEITHO-CTPOMAIHUX OJHOCA KOJ Pa3IMIuTHX
NIaTOXUCTOJIOUIKHUX TUITOBa Oa301eTyTapHUX KaplIMHOMA U IIEPUTYMOPCKE KOXKE YOBEKA.

VII IIppMeH/bHBOCT H KOPHCHOCT pe3yJITaTa

JloxTopcka muceprauyja acucTeHTa Bramummpa IlerpoBuha, caapxu HCTpaKHMBayKe
pe3yaTare Koju OM MOINIH 1a Haljy MpUMeHY Yy CBaKOJHEBHO] JMjarHOCTHYKO] ITaTOXUCTOJIOIIKO]
IPaKCH, IPH TPOIEHH OHOJOLIKOT MOTeHUHjasia OasolelylapHHX KaplIuHOMa KOXeE, a JaTH
pesyiraty 6u MOraM na Oyay TPUMEHJBUBH IIPH HApeJIHUM HCTPaKUBABKUMA Pa3IHUUTHX
HEOIUTaCTHYHHUX alTepalldja Ko)Ke WM APYTHX opraHa. VIHBEeHTHMBHUM M HHOBAaTUBHHM paioM Y
OKBHpHMa CBOj€ JOKTOpPCKE aucepTaiuje, acucteHT Bnamumup IlerpoBuh, mompuueo je HOBHM
TIOTJIENIOM Y aHAIM3H [UTaka EMUTSITHO-CTPOMATHUX OJHOCA KOJ Pa3IMYUTHX IIaTOXHMCTOJIOIIKHX
TUNOBA 06a301eTyIApHUX KapIIHHOMA U IIEPUTYMOPCKE KOXKE YOBEKA.



Ha ocHoBy n3HeTux unmeHuna, Komucuja nosocu cienehu
3AK/bYYAK

Jlokropcka nmucepranmja acucT. Ap Brnagumupa IlerpoBuha, mox  HacnoBoM:
,»CBETJIOCHOMHKPOCKOIICKA H HMYHOXHCTOXEMHJCKa CTY/JAHja OpraHu3aluje TYMOPCKe CTpoMe
KO/ pa3JHYHTHX [ATOXHCTOJOIKHX THIOBAa 0a30oleIyJIapHOr KapIHHOMA KoXKe YoBeKa“,
IIpEJCTaB/ba OPUTHHAIHH HAYYHO-UCTPAXXHBAYKH pPaj ca aKTyeJTHHM IPUCTYIIOM TEOPHjCKUM HU
IPaKTUYHUM IIHTalbUMa BE3aHUM 32 pPa3yMEBame €HTHTETa TYMOPCKE CTPOME KOJ pa3IMYUTHX
NaTOXMCTOJOIKUX THIIOBa 0a3oleNyTapHOr KaplMHOMa, Kao M BE3MBHOTKHBHHX CTPYKTypa
HOpPMaJIHe KOXe, Ca OCBPTOM Ha MOpP(}OJIONIKe MoKa3aTesbe HeOIUTACTHYHE ajlTepaliije CTPOMAaTHO-
eNHUTEeTHUX oJHoca. JIOKTOpCKa aucepTanyja, CaAp)kKd Iperjie]] caBpeMeHe HaydHe JUTeparype,
jaCHO ¥ Tmpenu3Ho JedHHHCAHE LUJBEBE, CTPYYHO IPUMEHECHY MOAEPHY METOJOJIOTH]Y,
CHCTEeMaTH30BaHH IIpHKa3 JOOHMjeHHMX pe3yiTara ¥ KOHA4HO, 3aK/by4Ke, KOJH OJAroBapajy
IOCTaBJFEHUM I[UJHEBUMA HCTPAKUBAKHA.

Crpy4yHu M Hay4HH JONPHUHOC HOKTOPCKE aucepraimje acuct. Ap Biagumupa I[lerposuha
oriena ce y MOryhHOCTH NpHMEHE HEHHX pe3ysiTaTa y CBaKOJAHEBHO] NPAKCH IAaTOXHCTOJIOIIKE
JIMJarHOCTUKE, JaJbM HCTpaXHBambUMa €THOIATOreHe3e W OHOJIOIIKOT MOTEHIHjaa PasIuuHuTHX
THUIIOBa 6a30leyIapHOT KaplIHHOMa KOXe YOBeKa, Kao U y U3rpaJibi HOBHX JUJAKTHUKHAX CTaBOBA
BE3aHUX 3a XUCTOJIOUIKY I'pal)y HOpMaJlHE KOXE JYOBEKa.

Komucuja y HaBeneHOM cacTaBy IO3HTHBHO OIelkyje H3paljeHy DOKTOPCKY IUCEpTaLHU]y
KaHauaara acuct. ap Biagumupa IlerpoBuha moa HacioBoM:

»CBETJIOCHOMHKPOCKOIICKA H MMYHOXHCTOXEMHjCKA CTyAHja opraHu3anuje TyMopcke
CTPOMeE KOJ Pa3JIMYMTHX MATOXHCTOJOIMKHX THIOBA 0a301eJYyJapHOI KAPIHHOMAa KOKe
yoBeKa“

u npemtaxe HacraBHo-nHayunom Behy Memunuackor ¢akynrera y Humy npa ycsoju
IIO3UTHBHY OLIEHY OBE JOKTOPCKE AMcepTanuje u ogodpu nokropanty Bnagumupy Ilerpouhy
jaBHy o10paHy aucepTalyje.

Komucuja 3a oneny u og0paHy J0KTOpCKe JucepTanuje:
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I'n1aBHH HayYHH JONPHHOC JOKTOPCKE JHCepPTalHje

Y nokropckoj mmceprandju  acucT. Bnamumupa IlerpoBmha, mox  HacmoBoMm:
,,CBETJIOCHOMHKPOCKOIICKA H MMYHOXHCTOXEMH]CKA CTyJHja OpraHU3aluje TYMOPCKE CTpOMeE
KOJ Ppa3IHYMTHX IMaTOXHCTOJIOIIKUX THUIIOBAa 0a30lenyIapHOr KapIMHOMa KOXE€ 4YOoBeKa“,
Moryhe je u3nBojuTH cienehe riaBHe Hay4HE JONPUHOCE:

1) OpurMHaJHH JONPHHOC Y  CBETJIOCHOMHUKDPOCKOIICKO]  JI€TeKIMjU AUCTpuOyuuje
HMYHOXHCTOXEMHJCKOT TpHUCycTBa aHTHreHa CDO90 y enuTeNHUM U CTPOMaJHHM
KOMITOHEHTaMa pa3InYMTHX THIIOBA 0a30LeTyIapHOT KaplIMHOMa U IIEPUTYMOPCKE KOJXKe.

2) Vwuanpeljeme OpUCTYIA JTUIAKTHYKOM CBETIIOCHOMHKPOCKOIICKOM TyMauewmy Mopdoioruje
CD34 MMYHOTIO3UTHBHOCTH y XHCTOJOIIKMM CTpYKTypama HOpMalHe KOXe, ca IoceGHO
OpUTHHAIHHAM Hana3oMm moryher mpucyctBa hemmjckux CD34 MO3UTHBHHX IIPOJIy’KeTaka
¢ubpobnacra y pacuukyrycuma GudpoenacTudHe CTPOME PETHUKYJIAPHOT AepMa.

3) Ilpemmor wmoryhe TIpeIUKTHBHE YJIOre XHCTOXEMHjCKE JeTeKImje CyJidaTHCaHUX
IJIMKO3aMHHOTIIMKAaHa Yy IMJbY IPOIICHE CTENeHa OJCTPaEmE€HOCTH TyMopa Ha JyOOKHM
MapruHama OHOIICHjCKUX y30paKa KOXe.

Main scientific contribution of doctor’s thesis

Doctoral thesis of teaching assistant Vladimir Petrovic (MD), entitled: “Light microscopic
and immunohistochemical study of tumor stroma organization in different histopathological
types of basal cell carcinoma in human integument”, brings following main scientific
contributions:

1) Original contribution in light microscopic detection of immunohistochemical distribution of
CD90 antigen in epithelial and stromal components of different types of basal cell
carcinoma and peritumoral skin.

2) Improvement in the didactical light microscopic approach in interpretation of morphology of
CD34 immunopositivity in histological structures of human skin, with specially original
finding of the possible presence of CD34 positive fibroblast processus in fascicles of
fibroelastic stroma in reticular dermis.

3) Proposition of possible predictive role of histochemical detection of sulphated
glycosaminoglycanes in order to evaluate the degree of tumor excision without residues on
the deep margins of the skin biopsy specimens.



YKYITIAH BPOJ TYBJINMKOBAHUX PA/IOBA KAHAUJIATA

Acwuct. Bnagumup IMetposuh je ayrop umu xoaytop 11 HaydHHX M CTPY4HHX paznoBa. bpoj
pajiosa 00jaBJbeHMX y LIEJMHA Y YaCOMKUCHMa U 300pHUIIMA paioBa ca peneHsujoM je 11, ox tora
je 8 pagosa Ha SCI ucTH.

JloxtopanT, acuct. Bragumup IlerpoBuh objaBHo je jemaH pan u3 yxe HaydHe o01acTu
nokroparta, Petrovi¢ V, Stefanovi¢ V. Dental Tissue - New Source for Stem Cells. Scientific World
Journal 2009; 9: 1167-1177. IF: 1.658 (M21), xoju ce THue ,,[UTACTUIUTETA" U HHIYIHUOMIHOCTH
ME3eHXMMCKHX heNHjCKMX TIIomyjalHja JbYACKOI OpraHM3Ma y LHJbY BHXOBE H30Ialyje,
penudepeHnMjannje W KIOHAJTHE eKCIaH3Mje Ka OHOMH)KCHEePCKH IOTOAHHM (EHOTHIIOBHMA
TIOTOJJHAM 3a TepamujcKy ymorpefy y caBpeMeHOj ,,peKOHCTPYKTUBHO] MeIuLMHH . CIIOMEHYTH
pax je HajONMKe Be3aH 3a CIOCOOHOCTH ME3eHXMMCKHX/(HOpoOIacTOMIHMX IONyjIalnuja 3a
MOJyJIUCamke CBOT (DEHOTHIICKOT H3pa3a M HUXOBO CBOJCTBO Ja C€ IOX ,in Vifro® ycClIoBHMa
midepertyjy u y aApyre hemujcke (EHOTHIIOBE OpraHM3Ma, INTO YIasH Yy OKBHPE
HAHIYIIHOMITHOCTH® KOjy JOHOCH OHKOT€HEe3a TOKOM ajITepallijeé CTPOMAIHO-CIIUTEHUX OTHOCA.

VY Humy, 11. ¢pebpyap. 2015. rox. Acwuct. 1p Bragumup IlerpoBuh
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Stem cells have been isolated from many tissues and organs, including dental tissue.
Five types of dental stem cells have been established: dental pulp stem cells, stem celis
from exfoliated deciduous teeth, stem cells from apical papilla, periodontal ligament
stem cells, and dental follicie progenitor cells. The main characteristics of dental stem
cells are their potential for multilineage differentiation and self-renewal capacity. Dental
stem cells can differentiate into odontoblasts, adipocytes, neuronal-like cells, glial cells,
ostecblasts, chondrocytes, melanocytes, myotubes, and endothelial cells. Possible
application of these cells in various fields of medicine makes them good candidates for
future research as a new, powerful tool for therapy. Although the possible use of these
cells in therapeutic purposes and tooth tissue engineering is still in the beginning
stages, the results are promising. The efforts made in the research of dental stem cells
have clarified many mechanisms underlying the biological processes in which these
cells are involved. This review will focus on the new findings in the field of dental stem
cell research and on their potential use in the therapy of various disorders.

KEYWORDS: dental stem cells, multilineage differentiation, odontogenesis, neural disease,
tooth tissue engineering

INTRODUCTION

The discovery of progenitor/stem cells was a giant breakthrough in medicine and opened the door for a
whole new era of experimentation, with their potential use in the therapy of various disorders. Stem cells
are defined as clonogenic cells capable of both self-renewal and multilineage differentiation[1].
According 1o the ability and potency to differentiate into different cellular types, three types of stem cells
have been established: (1) totipotent stem cells — cach cell has the capability of developing into an entire
organism. (2) pluripotent stem cells — embryonic stem cells that were grown in vivo under induced
conditions and are capable of differentiating into all types of tissue, and (3) multipotent stem cells —
postnatal stem cells or adult stem cells with the capability of multilineage differentiation[2].

Postnatal stem cells have been isolated from various organs, including dental tissue[3]. So far, five
types of dental stem cells have been identified: dental pulp stem cells (DPSC), stem cells from exfoliated
deciduous tecth (SHED), stem cells {rom apical papilla (SCAP). periodontal ligament stem cells
(PDLSC). and dental follicle progenitor cells (DFPC){4.5,6.7.8]. Dental stem cells belong to the
multipotent stem cell population]| 9.
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This paper will focus on the characteristics of dental stem cells, as well as on their potential use for
therapeutic purposes.

CHARACTERISTICS OF DENTAL TISSUE STEM CELLS
Dental Pulp Stem Cells

The presence of stem cells in dental pulp was proposed by Fitzgerald et al.[10]. They reported the
presence of the fibroblast-like cells capable of differentiation into odontoblasts. after the injury or trauma
that led to the death of the mature odontoblasts. However, the identification and isolation of DPSC in the
adult dental pulp was first reported by Gronthos and coworkers in 2000(4].

The DPSC represent less than 1% of the total cell population present in dental pulp[11]. It is believed
that these cells reside in the various regions inside the dental pulp. In adult dental tissue, the stem cell
niches are usually quiescent and become activated only after injury(12]. There is some evidence for a role
of notch signaling in DPSC differentiation and proliferation[14,15], and labeling studies have found
that the  odontoblast-subodontoblast layer expresses higher levelsof Notch 1, while the pulp
proper predominantly expresses Notch 2, and DPSC in perivascular regions show increases in Notch 1
and 3[11,13,14,15].

Previous attempts to isolate and characterize clonal stem cell lines in dental pulp reported the
presence of STRO-1-positive cells, with high colony-forming efficiency. These cells were positive for
vascular cell markers CD146 and pericyte antigen 3G5[5,16]. The stem cell clone from dental pulp that
expressed CD34 and the putative stem cell proto-oncogene marker c-kit, with the capability of
differentiation toward stromal lineages, especially osteoblasts, was recently isolated[17,18]. A side cell
population, which fails to incorporate the DNA binding dye Hoechst 33342 with stem cell characteristics,
has also been isolated from dental pulp[ 19].

However, the later studies focusing on DPSC odontogenic and proliferative potential reported
different results after the implantation of the single-cell colonies of DPSC isolated from the adult dental
pulp(3,20]. These differences could be explained by the findings that there is more than one stem cell
population in the dental pulp. So far, at least two different stem cell populations were identified, one
originating from the neural crest (the derivate of ectomesenchyme) and the other of mesenchymal
origin[12].

Both clonal stem stell populations show expression of STRO-1 and classical adult stem cell markers,
as well as of Msx-1 and CD31. Also, all cells were positive for vimentin, which proves their
mesenchymal origin. Cells of mesenchymal origin were strongly positive for Bl-integrin, which interacts
with fibronectin (FBN) of the extracellular matrix in dental pulp, and these cells are referred as +FBN,
while the cells originating from the neural crest showed high expression of neural crest-associated low-
affinity nerve growth factor receptor (+LANGFR cells). Compared to +LANGER cells, +FBN cells did
not show the expression of endothelial cell markers CD105 and Notch2, and it is thought that these cells
reside in the stem cell niches outside the perivascular regions(9,12]. It is thought that only STRO-1-
positive cells have the capability of differentiating into odontoblastic lincage[9].

The results are, however, inconclusive. The work in isolation of different stem cell populations in
dental pulp is still in the beginning stages. The difficulty lies in the lack of specific cell surface markers.

DPSC and bone marrow—derived stem cells (BMDSC) show similar gene expression for more than
4000 genes, with only a few differentally expressed genes. A few differentially expressed genes,
including collagen type XVII a1, insulin-like growth factor-2 (IGF-2). discordin domain tyrosine kinase
2, NAD(P)H menadione oxidoreductase, homolog 2 of Drosophila large disk, and cyclin-dependent
kinase 0, were highly expressed in DPSC, whereas insulin-like growth factor binding protein-7 (IGFBP-
7) and collagen type 1 a2 were more highly expressed in BMDSC[21]. DPSC show a 30% higher
proliferation rate than BMDSC under the same culture conditions, probably because of strong expression
of cychin-dependent kinase 6, a cell cycle activator{21].
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The studies showed that DPSC can be cryopreserved and retain their multipotential differentiation
abihity[22]. These cells, under the right conditions, have better immunoregulatory capacity that abolishes
T-cell alloreactivity than BMDSC. However, DPSC may not elicit humoral immune responses and may
thus be immunoprivileged(23,24].

The proliferation and differentiation of DPSC usually occur after infection or injury of the dental pulp
during bacterial infection. The studies showed that local dentin pulp inflammation interfered with
odontoblast differentiation and dentin repair. It was reported that lipopolysaccharide (LPS), a major
component of the outer membrane of bacteria, and tumor necrosis factor (TNF), abundantly present in the
inflamed dental pulp tissue, activate NF-«f3 signaling pathway in DPSC. NF-x3 regulates the expression
of a variety of inflammatory cytokines, including TNF, IL-1, [L-8, and IL-6. These results suggest that
DPSC also have a role in inhibiting oral and dental inflamimation{25].

Stem Cells from Exfoliated Deciduous Teeth

SHED werce isolated trom dental pulp derived trom exfoliated deciduous teeth. Compared to DPSC,
SHED show a higher proliferation rate, increased cell-population doublings, sphere-like cell-cluster
formation, osteoinductive capacity ir vivo, and failure o reconstitute a complete dentin pulp-like
complex. SHED were found to express the cell surface molecules STRO-1 and CD146, two carly
mesenchymal stem cell markers previously found to be present in BMDSC and DPSC. STRO-1- and
CD146-positive cells were found to be located around blood vessels of the pulp, implying that SHED
possibly originate from a perivascular microenvironment. Cultured SHED also express stromal- and
vascular-related markers: antialkaline phosphatase (ALP), matrix extracellular phosphoglycoprotein
(MEPE). basic fibroblast growth factor (bFGF), and endostatin[7].

These cells have the ability to differentiate into odontoblast-like cells and the regenerated dentin
shows immunoreactivity to dentin-specific dentin sialophosphoprotein (DSPP) antibody. Also, SHED are
capable of inducing recipient murine cells to differentiate into bone-forming cells. SHED expressed a
variety of neural cell markers, including nestin, pllI-tubulin, glutamic acid decarboxylase (GAD),
neuronal nuclei (NeuN), 23-cychic nucleotide-3-phosphodiesterase (CNPase), glial fibrillary acidic
protein (GEAP), and neurofilament M (NFM). They have the ability to transform into neuronal-like cells,
glial cells. but also into adipocytes and chondrocytes|7.26].

SHED probably represent a population of more immature multipotent stem cells than DPSC.

Stem Cells from Apical Papilla

SCAP appear to be a different population of stem cells from DPSC. In developing teeth, root formation
starts as the epithelial cells from the cervical loop proliferate apically, and influence the differentiation of
odontoblasts from undifferentiated mesenchymal cells and cementoblasts from follicle mesenchyme. It
has been known that the dental papilla contributes to tooth formation and eventually converts to pulp
tssue(27,28.29]. As the root continues to develop after the bell stage, the location of the dental papilla
becomes apical 1o the pulp tissue.

SCAP show a two- to threefold higher proliferation rate than do DPSC after the BrdU incorporation.
SCAP, similar 1o DPSC, are more committed to osteo/dentinogenicity. Despite that SCAP express many
osteo/dentinogenic markers following ex vivo expansion, they express lower levels of DSPP, MEPE,
transforming growth factor (TGF)BRII, fibroblast growth factor (FGF)R3, and CD146 than do DPSC. The
st immunohistochemical  staining of - various  osteo/dentiogenic markers revealed that only
odontoblasts in the pulp express these genes, not in the apical papilla. Their adipogenic aspect of the
multipotentiality was also confirmed{30].

SCAP exhibit a heterogeneous nature by showing (1) coexpression of STRO-1 with a variety of
osteo/dentinogenic markers and (2) a fow percentage ol STRO-1-positive cells. while a high percentage
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of cells positive with osteo/dentinogenic markers in cultures. In addition, SCAP show a positive staining
for several neural markers, including BITl-tubulin, GAD, NeuN, nestin, GFAP, NFM, neuron-specific
enolase (NSE), and CNPase. It is possible that SCAP are derived from neural crest cells or at least
associated with neural crest cells, analogous to dental stem cells such as DPSC and SHED([30,31].

The discovery of SCAP may also explain a clinical phenomenon, apexogenesis, that can occur in
infected immature permanent teeth with periradicular periodontitis or abscess{32]. It is likely that stem
cells residing in the apical papilla survived the infection due to their proximity to the periapical tissues.
Therefore, after endodontic disinfection. under the influence of the survived Hertwig’s epithelial root
sheath (HERS), these cells give rise 10 primary odontoblasts to complete the root formation[30.31].

Periodontal Ligament Stem Cells

The periodontal ligament (PDL) is a specialized connective tissue derived from the dental follicle and
originates from neural crest cells. The PDL connects the cementum to the alveolar bone, and functions
primarily to support the tooth in the alveolur socket[33,34].

A recent report identified stem cells in human PDL and found that PDLSC implanted into nude mice
generated cementum/PDL-like structures that resemble the native PDL as a thin layer of cementum that
interfaced with dense collagen fibers, similar to Sharpey’s fibers[3]. These cells can also differentiate into
adipocytes, odontoblasts, myotubes, NFM-positive neuron-like cells. GFAP-positive astrocyle-like cells,
and CNPase-positive oligodendrocyte-like cells[7,35.36].

PDLSC and DPSC both showed similar characteristics as compared to BMDSC. All cell types were
strongly positive for CD44. CD90 (cell surface markers associated with stromal cells), CD105, and
CD166 (cell surface markers associated with stromal cells and endothelial cells), but negative for CD40,
CD380, und CD80 (cell surface markers of hematopoietic cells)[37].

PDLSC and DPSC expressed HLA-ABC (MHC class T antigen) similar to BMDSC. while HLA-DR
(MHC class I antigen) expression was not detected in these cell populations[37].

Lx vivo expanded PDLSC and DPSC possess immunosuppressive properties and mediate suppression
mainly by soluble factors, partly induced by IFN-y produced by activated peripheral blood mononuclear
cells (PBMNC). Inhibitory factors include indoleamine 2, 3-dioxygenase (IDO) that is dependent on IFN-
v produced by PBMNC, TGF-B1 and hepatocyte growth factor (HGF) that are independent on TFN-y[37].

The possibility of obtaining stem cells from cryopreserved adult human PDL[38] indicates that
samples [rom tissue banks could be viable for future applications.

Dental Follicle Progenitor Cells

DFPC are localized in the dental follicle. a mesenchymal tissue that surrounds the tooth germ and can be
casily isolated after wisdom tooth extraction[8,39]. However, these cells are available only from patients
during wisdom tooth eruption, usually between 15 and 28 years of age[40].

Human DFPC have the ability to differentiate toward alveolar osteoblasts, PDL fibroblasts,
cemenioblasts, adipocytes, and neuron-like cells[8,39.40.41]. Long-term cultures of DFPC  with
dexamcthasone produced compact caleified nodules or appeared as plain membrane structures of different
dimensions consisting of a connective tissue—like matrix encapsulated by a mesothelium-like cellular
structure[8]. DFPC differentially express osteocalcin and bone sialoprotein after transplantation in
immunocompromised mice, but without any sign of cementum or bone formation. DFPC are fibroblast-
like, cotony-forming. and plastic-adherent cells[8]. These cells show the expression of putative stem cell
markers Notch-1, nestin, and STRO-1{8,39,42]. Compared to BMDSC, DFPC express higher amounts of
IGF-2 wranscripts|8]. Also, these cells are positive for vimentin, which is a typical marker for
mesenchymal cells{39]
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DENTINOGENESIS

Odontoblasts are postmitotic, terminally differentiated cells whose main role is the production of primary
dentin. Following the primary dentinogenesis. these cells remain functional and are able to produce the
physiologically secondary dentin and the tertiary atubular reparative dentin as a response to mild
environmental stimuli. However, any greater mjury or trawma leads o their death and, consequently, to
the loss of the reparative potential of the dental pulp[43]. Therefore, one of the biggest problems in
denustry today is how to restore disceased dental ussue and 1o save the vitality of the tooth.

[t has been reported that bone sialoprotein and dentin matrix components are able to stimulate
reparative dentin formation, and that growth factors such as TGF-$ and bone morphogenetic proteins
(BMP) are capable of stimulating secretion of extracellular matrix by odontoblasts[44,45,46,47]. Also, in
vivo gene therapy with Bmpl1/Gdri! by ultrasound-mediated gene delivery stimulated reparative dentin
formation on the amputated dental pulpi48]. Recently, it was shown that TNF-g¢ stimulates differentiation
of dentin pulp cells toward an odontoblastic phenotype via regulation of mitogen activated protein kinase
p38[49]. However, the restoration of damaged dentin is still limited to conventional treatments, such as
fillings of dental pulp with calcium hydroxide and crown restorations[50,51]. The dental stem cells and
their ability to differentiate into functional odontoblasts could be the answer to the problem.

The possible role for DPSC in regeneration is demonstrated by their in vitro differentiation into
odontoblast-like cells and deposition of mineralized deposits after treatment with dentin matrix extracts in
assoctation  with a  mineralization supplement of  B-glycerophosphate and ascorbic  acid[52].
DPSC/HE/TCP implants (hydroxyapatie/uricalcium phosphate ceramic powder) were able to induce the
production of dentin with organized dentin tubules, unitke DPSC/dentin implants. Tt has been shown that
DPSC and SHED express DSPP in xenogenic transplanis. and this expression is not present in bone
formed by bone marrow stromal ceils in similar transplants, suggesting that the clonogenic dental pulp—
derived cells represent an undiftferentiated preodontogenic phenotype in vitro[S3].

The use of DPSC in everyday clinical work is still not possible because some aspects of such a
therapeutic approach need to be explored further. The isolation and characterization of stem cells from the
vital pulp is neither feasible, nor practical, in clinical work. Tissue engineering with the triad comprising
dental pulp progenitor/stem cells, morphogens, and scaffolds may provide a useful alternative method for
pulp-capping and root canal trecatment{48]. Such approaches to clinical therapies, however, require close
control or regulation of the regenerative events. Uncontrotted regeneration would consequently lead to the
pulp obliteration and loss of tooth vitality[54].

The studies of the effect of pulp-cupping procedures reported the migration of dental pulp cells in the
place of the formalion of the reparative dentin and dentin bridge[48,54,55,56]. Naturally derived collagen
or synthetic materials, such as polygiycolic acid (PGA). are used as a scaffold for attachment and
guidance of cells[57]. The pulp-derived fibroblasts adhering to the PGA fibers can proliferate and form a
new tissue similar to that of native pulp{58]. The synthetic matrices. however, must undergo degradation
simultaneously with the new tissue formation by the cultured cells. The further investigation of DPSC
should be focused on finding the uppropriate biomaterials that would maximize the migration of these
cells into the place of injury. Besides that, the key to successful tissue repair is also angiogenesis. DPSC
express CD146 on their surface. the perivascular marker. it was shown that vascular endothelial growth
factor (VEGE) and I'GE promote neovascularization of severed human dental pulps[59]. These results
could imply the possible application of angiogenic grow:h factors in dentin matrix[60] and their release
after injury. which might be crucial for the focal up-regulation of ungiogenesis at injury sites.

DENTAL STEM CELLS AND ADIPOGENESIS, CHONDRCGENESIS, AND
OSTEOGENESIS

Although the interest for DPSC arices mostly for their ability to differentiate into odontoblast-like cells,
these cells are multipotent and have the possibility to differentiate into other cell types.
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The  cultivation  of DPSC in  potent adipogenic-inductive  medium  that  contained
isobutylmethylxanthine, hydrocortisone, and indomethacin induced DPSC to form characteristic oil red
O-positive lipid-containing adipocytes{3,61]. This phenotypic conversion also correlated with the
expression of the early adipogenic master gene PPARY2 and the late marker lipoprotein lipase. Unlike
BMDSC, DPSC failed to differentiaie into adipocytes after treatment with glucocorticoids[4]. Tt is
reported that only the CD34™ subpopulation of dental pulp cells had the capacity to differentiate into
adipocytes, odontoblast-like cells, and to form spheres comprised of cells expressing neural crest stem
cell markers and of differentiating into Mart-1-positive melanocytes when grown in melanocyte-inducing
medium{62].

DPSC also have the ability to differentiate into chondrocytes. The experiments with side population
cells isolated from porcine dental pulp reported the expression of aggrecan and type II collagen mRNA in
the culture of these cells, and that almost 30% of cultured dental pulp cells were converted into
chondrocytes[21]. Stevens and coworkers showed that human DPSC after cultivation in chondrogenic
medium express aggrecan and dental matrix protein-1 (DMP-1), which are both crucial for postnatal
chondrogenesis[62,63]. The subcutancous transplantation of DPSC to 1-day-old Swiss mice is followed
by the generation of aggrecan- and Alcian blue—positive cartilage tissue in two out of three mice [62].

The ability of DPSC to produce chips of bone tissue as well as their high proliferative potential makes
them good candidates for the study of bone formation[17,64]. DPSC have the ability to differentiate into
osteoblasts and endothelial cells, and are capable of forming the woven bone[64]. The osteoblastic
potential of these cells was proven by expression of RUNX-2, a transcription factor essential for inducing
osteoblast differentiation[18,65] and the endothelial cells were confirmed by the expression of CD54y, an
antigen specifically expressed by endotheliocytes(64,66]. This synergy is most probably mediated by {l1k-
1, which is shown 0 couple ostecogenesis and vasculogenesis after transplantation of bone chips in
immunosuppressed rats[ 18,67].

DENTAL STEM CELLS AND NERVE CELLS

Neuronal stem cells have been isolated from various tissues, including brain, bone marrow, and
retina[08,69,70]. The culuvation of these cells in the serum-free culture medium supplemented with
epidermal growth factor (EGF) and bFGF leads to the formation of the cellular suspensions called
neurospheres{68,71]. Neuronal stem cells have the ability 1o transform into neurons and glial cells, which
is preceded by migration of the cells out of the spheres. Even more, the implantation of grafts of neural
stem cells showed promising results as the potential therapy for various disorders of nervous
system{72,73]. However, their accessibility and the potential risks for the patients that might occur during
their extraction remain a problem.

The fact that dental pulp is derived from the neural crest and that it is shown that dental pulp cells
show a high expression of nestin (marker for neural progenitors), nerve growth factor (NGI), brain-
derived neurotrophic factor (BDNF), and glial cell line—derived neurotrophic factor (GDNIF) mRNA
transcripts opened the possibility of using dental pulp as the possible source for neural progenitors{74,75].

Dental pulp=derived cells promote the survival of sensory neurons of the trigeminal ganglion and of
motoneurons of the spinal cord by providing neurotrophic support. Also. the increased survival of the
motoneurons in the injured spinal cord after the implantation of the dental pulp cells grafts was
reported{76]. NGF, BDNF, and GDNF produced by dental pulp cells promote the survival and
neuroprotection of dopaminergic neurons against 6-hydroxy-dopamine in vitro[75]. Dental pulp grafted
intraocularly led 1o the increase of density of catecholaminergic nerve fibers in the iris that is. probably,
due to the presence of the neurotrophic factors in the anterior chamber of the eye{76,77].

Dental pulp celis from the adult rat incisor in culture have the ability to form neurospheres. The
formation and growth of neurospheres is dependent on bEGE, but not on EGE. and is negatively regulated
by TGF-} in a dose-dependent manner. Dental pulp~derived neurospheres show limited self-renewal
ability{ 711, DPSC induced by activators of the protein kinase C (PKC) and the cyclic adenosine
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monophosphate (¢cAMP) give rise 10 neuronal cells and. in smaller number, to glial cells, which are
believed (o be substantial for normal development and function of the neurons. These cells express
neuronal and glial markers, and display voltage-dependent sodium and potassium currents[78].

Previous studies revealed that DPSC, when transplanted into adult rat/mouse brain, infiltrated into the
host nerve tissue and expressed neurospecific markers[5.76]. Also, the transplantation of DPSC into the
mesencephalon of a 2-day-old chicken embryo resulted in their differentiation into neuronal-like cells,
with expression of neurospecific markers and the ability o produce the sodium currents[79]. It was shown
that implantation of DPSC mto the hippocampus of mice stimulates proliferation of endogenous neural
cells and results in the recruitment of pre-existing nestind+) neural progenitor cells (NPC) and BIII-
tubulin{+1 mature neurons 1o the site of the graftf80]. The injection of human neuronal stem cells isolated
from the third molars into the dorsotateral striatum of rats inflicted with middle cerebral artery occlusion
shows w significant recovery from neurotogic dysfunction. which implies a possible therapeutic role of
these cells in stroke-intlicted rats[81].

DENTAL STEM CELLS AND TOOTH TISSUE ENGENEERING

Tissue engineering is a potential resolution for Ussue/organ replacements and has been made possible by
the cooperation of biological and muterial sciences. The concept involves the use of ex vivo expanded
cells grown on a support of biocompatible material under appropriate environmental conditions in order
o create tssue replacement and living prostheses[9].

Currently, there are two main branches of research of tooth tissue regeneration. The first deals with
the restoration of partial tooth damages. This line of research focuses on using existing reparative
capacities of the tooth and/or use of tooth-related stem cells for repair of damaged tooth parts. The second
line of research focuses on whole tooth regeneration by using stem cells and conventional tissue
engineering techniques{82]. The rescurches concerning the whole tooth regeneration developed into two
main directions: (1) in vitro cell culture and polymers for iz vive implantation and (2) in vivo implantation
of engimeered cells[9]. However, the immimune response of the human organism to the implants of dental
stem cells is still unknown, and that question should be resolved before any clinical trials.

Now we know that it 1s possible 1o regenerate tooth crowns if the appropriate environment is
provided. such as in vitro organ culture, grafts on chick chorioallantoic membrane, ocular grafts,
subcutaneous transplants, or kidney capsules. The other important conditions are to create a three-
dimensional (3D) organization of cells, 1o support the differentiation of these cells, and to avoid the
xenogralt rejection[9}.

The attempts to make a bioroot also showed some promising results. The insertion of
hydroxyvapatite/tricalciwm phosphate (HA/TCP) blocks containing SCAP and PDLSC into the socket of
swine led to the regeneration of the root/PDL complex, ¢ver which an artificial dental crown could have
been atfixed. In this way, enginecred bioroots showed lower compressive strength than that of natural
swine root dentin, but they were capable of supporting a porcelain crown and resulted in normal
functions|83].

The implantation of PDLSC seeded on HA/TCP in surgically created periodontal defects in miniature
swine showed their excellent capacity to form bone. cementum, and PDL[84]. These results are
promising, bearing in mind that periodontitis is one of the leading causes of tooth loss, especially in the
elderly population[85].

A dentin pulp=like structure was obtained after the subcutancous transplantation of DPSC/poly(lactic-
co-glycolic) acid scalfold construct i New Zealand white rabbits. Transplanted samples revealed the
formation of osteodentin-like structures, as well as whular bilavered structures of vertically aligned
parallet tubules resembling tubular-like dentin{86.

Tootlike structures can be created {rom  biodegradable polymer scaffolds (collagen-coated
polyglycolic acid, calcium phosphate material, collagen sponges) seeded with dissociated single-cell
suspension  obtained from pig, ral, or mice tooth germs and grown in the omentum of

1173



Petrovic and Stefanovic: Dental Tissue - New Source for Stem Cells TheScientificWorld/ OURNAL (2008) 8, 1167-1177

immunocompromised mice. The obtained structures contain enamel, dentin. and pulp, but are still missing
some essential elements. such as the complete root and periodontal tissues that allow correct anchoring
into the alveolar bone, and do not reach the expected size or shape of the scaffold[87,88.89].

Recently, a new approach was proposed for growing teeth in the mouse mandible[90]. In this study,
epithelial and mesenchymal cells were sequentially seeded into a collagen gel drop and then implanted
into the tooth cavity of adult mice. With this technique, the presence of all dental structures, such as
odontoblasts, ameloblasts, dental pulp, blood vessels, crown, PDL, root, and alveolar bone, could be
observed(90]. Cell-scaffold constructs in a coculture system appeared to improve the tooth shape control.
PGA mesh and latter collagen sponge, together with the sequential seeding of dental mesenchyme in
direct contact with dental epithelium, demonstrated organized tooth structures derived from dissociated
postnatal canine and porcine molar tooth germs[91,92].

DPSC have been used for purtial tooth structures, but not a whole biological tooth germ. Because of
the limited in vitro expansion ability of DPSC, SHED, and other dental stem cells, efforls have been
directed toward establishing cell lines: several lines have been created by the insertion of transgenes,
including human telomerase reverse transcriptase, SV40 T antigen. and human papillomavirus genes, or
by the spontaneously immortalization of dental follicle cells, cementoblasts, dental papilla, PDL, cervical
loop epithelium, ameloblast, and odontoblast lineage cells[9]. One of the major technical advantages is
that cells can be produced, characterized, and conwrolled relatively easily without the need to derive
material repeatedly from primary tissue[9]. These lines could therefore be used for generating dental
Structures in vivo.
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