®akyarer TEXHOJIOIIKO-
METAJIYPIHIKN

35/18

(Bpoj 3axteBa)

11.2.2026.

(Marym)

3AXTEB

Oo6pa3zan 3.

YHUBEP3UTET Y BEOI'PALY
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(Ha3uB Beha Hay4He o0nacTu KOMe ce 3aXTeB
yuyhyje)

3a JaBamhEe CarJIaCHOCTH Ha OJVIYKY O IpUXBAaTalby TEME TOKTOPCKE zmcepTalmje

U 0 oapehuBamy MeHTOpA

Momnumo na, cxoano uwi. 48 cr. 5 tay. 3) Craryra YHuBep3urera y beorpany (,,I'maciuk YHaupep3urera™ op.
201/2018, 207/2019, 213/2020, 214/2020, 217/2020, 230/21, 232/22, 233/22 u 236/22), nate cariacHOCT Ha
OJUTYKY O MPUXBATay TeMe TOKTOPCKE JUCepTalyje:

HNuHoBaTuBHO yHanpelewe OuoMuMHYHOr in vitro MoJes1a ocTeocapkoMa 3a Moy3/1aHO
TecTHpawe aHTUTYMOpcKHuX JekoBa (Enhancement of a biomimetic in vitro osteosarcoma
model for reliable anticancer drug testing)

HAVYYHA OBJIACT TeXHOIIOIKO UHKEHEPCTBO

(IyH Ha3MB IPEJUIOKEHE TEME TOKTOPCKE JUCEPTALH]je)

MTOJALIY O KAHAUJATY:



I/IMC, nme jCI[HOl" oI poAuTEJba U MPE3UME KaHAuaaTa:

Mapuja (bpauko) ITaBnoBuh

[IpetxomHo obpazoBame (Ha3UB U cequInTe haKyaTeTa, CTYIHjCKH

mporpam):
Yuugep3urer y bBeorpany,

TexHOI0IIKO-MeTANYPIIKH (PaKyJITeT, XeMHIjCKO HHKelhepcTBO, MacTep HHKeHep TeXHOJI0THje

['onuna 3aBpiieTka
MpeTXoqHOT HUBoA ctynuja:  2021.

l'oguHa ymuica Ha TOKTOPCKE CTyAHje: 2022.

Hasus crynujckor mporpama
JOKTOPCKHUX CTyAHWja: XeMUjCKO MHKEHEPCTBO

JlaTyM moJtHOIIICHa PHjaBe 25.12. 2025.
TeMe JIOKTOPCKE JucepTalmje:




[NOJALIM O MEHTOPY:
3a kanauaara Mapuja [TaBnosuh

Nwme n npezume menrtopa: ap bojana Odpagosuh
3Bame: penoBHU npodecop YHuBep3urera y beorpany, TexHomomko-meranypmkn Gakyinrer

Crnncak paJioBa Koju KBUTH(UKYjy MEHTOpPA 3a BOere JOKTOPCKE JucepTaluje:

Banicevic, 1., Milosevic, M., Petrovic, J., Milivojevic, M., Gasik, M., Stojkovska, J., Obradovic, B.
(2025). Macroporous alginate scaffolds with calcium phosphate filler as a 3D in vitro
microenvironment supporting bone cancer cells, International Journal of Polymeric Materials and
Polymeric Biomaterials, 1-15. (IF2024=2,6) (ISSN: 0091-4037)
(https://doi.org/10.1080/00914037.2025.2608101)

Menshikh, K., Banicevic, 1., Obradovic, B., Rimondini, L. (2024). Biomechanical aspects in bone
tumour engineering, Tissue Engineering Part B: Reviews, 30(2): 217-229. (IF2024=4,6) (ISSN: 1937-
3368) (http://doi.org/10.1089/ten. TEB.2023.0106)

Zvicer, J., Milosevic, M., Medic, A., Novak, S., Obradovic, B. (2024). Development of novel
osteochondral scaffolds and related in vitro environment with the aid of chemical engineering
principles. Biomedical Materials, 19(5): 055044. (1IF2024=3,7) (ISSN: 1748-6041) (DOI:
10.1088/1748-605X/adbacl)

Osmokrovic, A., Jancic, 1., Zizak, Z., Milenkovic, M., Obradovic, B. (2024). Activated charcoal-
alginate platform for simultaneous local delivery of bioactive agents: At the nexus of antimicrobial
and cytotoxic activity of Zn2+ ions. Gels, 10(11): 724. (IF2024=5,3) (ISSN 2310-2861)
(https://doi.org/10.3390/2els10110724)

Dragoj, M., Stojkovska, J., Stankovi¢, T., Dini¢, J., Podolski-Reni¢, A., Obradovi¢, B., Pesi¢ M.
(2021). Development and validation of a long-term 3D glioblastoma cell culture in alginate
microfibers as a novel bio-mimicking model system for preclinical drug testing. Brain Sciences,
11(8): 1025. (IF2021=3,333) (ISSN: 2076-3425) (https://doi.org/10.3390/brainscil 1081025)
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https://iopscience.iop.org/article/10.1088/1748-605X/ad6ac1
https://doi.org/10.3390/gels10110724
https://doi.org/10.3390/brainsci11081025

[NIOAALIM O MEHTOPY 2:
3a kauauaara Mapuja [laBaosuh

Nwme u nmpezume MeHTOpa: Ap Jina Pumonaunu
3Bame: penoBHU npodecop YHuBepsurera Mcrounor Ilujemonta ,,Ameneo Aporanpo”, Uranmja

Crnmcak paaoBa KOju KBUTM(HKYjy MEHTOpa 32 BOlehe JOKTOPCKE AUCEpTaLHje:

1. Menshikh, K., Antonaci, M., Radini, V. Salati, S., Daou, F., Cochis, A., Rimondini, L. (2025). Pulsed
electromagnetic field stimulation subtly modulates doxorubicin sensitivity in a spheroid co-
culture model of osteosarcoma. Scientific Reports, 15: 42441. (IF2024=3,9) (ISSN: 2045-2322)
(https://doi.org/10.1038/s41598-025-26524-w)

2. Menshikh, K., Banicevic, 1., Obradovic, B., Rimondini, L. (2024). Biomechanical aspects in bone
tumour engineering, Tissue Engineering Part B: Reviews, 30(2): 217-229. (IF2024=4,6) (ISSN: 1937-
3368) (http://doi.org/10.1089/ten. TEB.2023.0106)

3. Daou, F.,Masante, B., Gabetti, S., Mochi, F., Putame, G., Zenobi, E., Scatena, E., Dell'Atti, F.,
Favero, F., Leigheb, M., Del Gaudio, C., Bignardi, C., Massai, D., Cochis, A., Rimondini, L. (2024).
Unraveling the transcriptome profile of pulsed electromagnetic field stimulation in bone regeneration
using a bioreactor-based investigation platform. Bone, 182: 117065. (IF2024=3,6) (ISSN 8756-3282)
(https://doi.org/10.1016/j.bone.2024.117065)

4. Nascimben, M., Abreu, H., Manfredi, M., Cappellano, G., Chiocchetti, A., Rimondini, L. (2024).
Extracellular vesicle protein expression in doped bioactive glasses: Further insights applying anomaly
detection. International Journal of Molecular Sciences, 25(6): 3560. (IF2024=4,9) (ISSN: 1422-0067)
(https://doi.org/10.3390/ijms25063560)

5. Nascimben, M., Lippi, L., de Sire, A., Invernizzi, M., & Rimondini, L. (2023). Algorithm-based risk
identification in patients with breast cancer-related lymphedema: A cross-sectional study. Cancers,
15(2): 336. (IF2023=4,5) (ISSN: 2072-6694) (https://doi.org/10.3390/cancers15020336).
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ObaBemraBamMo Bac 1a je HacraBHo-Hay4Ho Behe

(Ha3MB HA/UISKHOT Tena (akynTeTa)

Ha CEIHUIM oipkaHoj 5. 2.2026. romuHe  Pa3MOTPHIIO MPEUIOKECHY TEMY M 3aKJbYUHIIO JIa je

TeMa MoJ00Ha 3a U3paay AOKTOpPCKE IUCcCepTallije jep caapKU OpUTHHAIHY HIEjy U JAa je of
3Ha4aja 3a pa3Boj HayKe, IPUMEHY HBeHUX Pe3yiTara, OJHOCHO Pa3BOj HAydHE MFECIH YOIIIITE.

IIpumor 1. Opnyka HacraBHo-HayuHor Beha o mpuxBaTamy TeMe U oapehuBamy MEHTOpA
2. MHssemrraj Komucuje o olieHrn Hay4HEe 3aCHOBAHOCTH TeME IOKTOPCKE IUCEpTalje

Hanomena: dakyareT 10CTaB/ba YHUBEP3UTETY 3aXTEB €A NPHIO3HMA Y €J1eKTPOHCKOj GopMH 1
Y jeIHOM IHMCAHOM IPMMEPKY 32 apXUBY Y HUBEpP3UTETA



Al
Ha ocHoBy un. 40. craB 3. 3akoHa 0 BUCOKOM oOpasoBamy, wi. 112. craB 3. Craryra
VYHuusep3utera y beorpany, un. 88. craB 3. Craryra TM®-a u un. 33. IlpaBuwiHuka o
JNOKTOpCKUM cTynujama TM®-a Ha cennunu HactaBHo-nayunor Beha TexHosomiko-
MeTanypikor ¢akynrera ox 5. 2. 2026. rogune, T0HETa je

OHNNVYKA
o mpuxBaramy M3BemTaja Komucuje 3a olieHy Hay4He 3aCHOBAaHOCTH TeMeE
JTOKTOPCKE AMCepTalyje U oapehuBamwy MEHTOpa

[MpuxBara ce M3Bemraj Kommcuje 0 Hay4HO] 3aCHOBAaHOCTH TEME 3a M3Paay IOKTOPCKE
nucepranyje kanaunata Mapuje IlaBaoBuh, 6poj unnexca 2022/4020, mox Ha3UBOM:
»HAHOBaTUBHO yHanpeljeme OMOMUMHMYHOTr in Vitro Moje/ia ocTeocapkoMa 3a MOYy3/AaHO
TeCTHpPamke AaHTUTYMOPCKHX JiekoBa (Enhancement of a biomimetic in vitro osteosarcoma
model for reliable anticancer drug testing)”.

Omnyky o JaBamy CarjlaCHOCTH Ha TPEIIOr TeME JOKTOPCKE JHcepTaludje JOHOCU
Yuusepsuret y beorpany.

3a mentope ce onpehyjy ap Bbojama OOpanoBuh, penoBHEM mpodecop YHHBEp3HTETA Y
beorpany, TexHonomko-meranypmku ¢akynreT u ap Jlua Pumonnnuu, penoBHu mpodecop

Yuusep3utera Ucrounor [Tujemonta ,,Amenco ABoraapo®, Uranuja.

Opnyky nocraButu: YHHBep3utery y beorpany, kanaupary, Mentopuma, Ciyx6u 3a
HAaCTaBHO CTYAECHTCKE N0CJIOBe U apxuBu Dakyirera.

AJEKAHKA

[Ipod. np Mupjana KujeBuanun



YHUBEP3UTET Y BEOI'PAZLY
TexHo0mKO-MeTANYPIIKH (paKkyaTeT

HACTABHO-HAYYHOM BERY
IIpenmer: l3Bemraj 0 OllEHM HaydHE 3aCHOBAHOCTH TE€ME€ IOKTOPCKE IHcepTanuje KaHawmata Mapuje
[TaBnoBuh, MacTep HHXKEHEpa TEXHOIOTH]E.
Onykom 6p. 2025-35/507 om 25. 12. 2025. ronuHe, MMEHOBaHH CMO 3a WwiaHOBe Komucuje 3a olieHy Hay4He
3aCHOBAaHOCTH TEME JOKTOpPCKe aucepranuje kanmunata Mapuje [laBnosuh mon nHacnoBoM MHOBaTUBHO
yHanpeheme OMOMUMUYHOT in Vitro MoJieNla 0CTEOCapKoMa 3a MO0Y3/1aHO TECTUPAE aHTUTYMOPCKHX JIEKOBa

(Enhancement of a biomimetic in vitro osteosarcoma model for reliable anticancer drug testing).

Ha ocHoBY MaTepujana mpuioxeHOT y3 MpHjaBy TeMe KaHauaata, Komucuja mogHocu cienehn

N3BEINITAJ

1. Iogauu o kKaHAUAATY

1.1. Buorpadcku noxanu

Mapuja IlaBnoBuh, mMactep WHXeHmep TexHouordje, poheHa je 14. jyna 1996. romuue y Yauky, rae je
3aBpIlWJIa OCHOBHY IIKOJy W TMMHA3Hjy, IPUPOJHO-MATeMaTHYKH cMep, Kao Hocuiall BykoBe murmiiome.
OcHOBHE M MacTep akaJeMCKe CTyIdje 3aBplIWia je Ha TeXHOJIOMKO-MEeTalypuKoM (akyiaTeTy
Yuusepsurera y beorpagy, Ha cTyanjcKoM IporpamMy XeMHjCKO HHKEHEPCTBO ca MPOCEYHUM olleHama 9,33
u 10, penom. TokoM cTynuja Owia je CTUNEHIUCTa MUHUCTAPCTBA MPOCBETE, HAYKE M TEXHOJIOIIKOT Pa3Boja
Penyonuke Cpouje (k. 2016/17 u 2017/18 1.), kao u donna 3a muane tanente Penyonuke CpOuje (k.
2018/19 r.). Takohe, Omna je moOWTHWIA TpHW IyTa Harpaae TexXHOJONIKO-METATYypPIIKOT (aKylTeTa 3a
n3y3eTaH yclex OCTBapeH Ha peloBHUM cryaujama ,llanta C. Tytynuuh (mk. 2015/16, 2016/17 u 2017/18
r.). HIxoncke 2022/2023. roguHe ynucana je JTOKTOPCKE akajeMcKe CTy/AWje Ha MaTHYHOM (akynTeTy, Ha
CTYIIjCKOM IpOrpaMy XeMHjCKO HHKEEHEPCTBO.

[Toxahana je 4 mel)yHapoaHe JIETHE IIKOJIE OJHOCHO PaIHUOHUIIE:

- ExcellMater pagnonnua Workshop on the routes to clinical utilization of novel biomaterials for
medical devices (TM®, beorpan, Cpouja, 28. — 30.09.2022)

- Ilpea ExcellMater cneumjanusoBana mkona - School on biomaterials aimed for dental and
orthopedic applications (TM®, beorpan, Cpbuja, 31.10. — 05.11.2023., npu3Hara Kao ceMHUHap Ha
nokTopckuM cryanjama TM®, 2 ECIIB);

- Jpyra ExcellMater cneuujanuzoBana mkona - Bioactive hydrogels and hydrogel nanocomposites
aimed for wound treatments (TM®, beorpan, Cp6uja, 15. — 20.01.2024., npusHara ka0 ceMUHap Ha
nokTopckuM cryaujama TM®, 2 ECIIB);

- TwinPrebioEnz cuenujanu3oBaHa Ikoja — Summer school in bioinformatics (TM®, Beorpan,
Cpbwuja, 19. —25.06.2025.)

Ilopen Tora, y OkBUpY peanusaiudje npojekta ExcellMater ydecTBoBana je y KpPaTKOPOYHO] DPa3MEHHU
nctpaxuBadya y LleHTpy 3a TpaHCnannoHa HWCTpakWBama ayTommyHux Oonectn u anepruja (CAAD),
VYuusepsurera Uctounor Ilujemonta “Ameneo Aporaapo” y Homapu y Urammju on 17. ¢gebpyapa no 1.
Mapta 2024. 1.

Mapuja [NaBnosuh je y 3Bame UCTpaKuBau NpuIipaBHUK u3adpana 09. mapra 2023. roaune, a ox 15. Mapra
2025. roguHe, 3amocieHa je Ha TeXHOJOMKOo-MeTarypIukoM akynrtety y beorpany.



Ilopen cryawmja W HAyYHO-HCTPAXUBAUKWX aKTUBHOCTH, Mapwuja IlaBnoBmh je yuecTBOBama y
HOMyJapru3aliji ¥ MPOMOIHjH HayKe Kpo3 aKTHBHOCTH Be3aHE 3a MPOMOLH]Y TeXHOJIOIMKO-MeTaTypIIKor
¢akyntera YHuBep3ureta y beorpany na MehjyHaponHom cajMy TeXHHMKE W TeXHHUYKUX JocTurHyha 2023. r.
Ha mehynapoauum xondepenumjama ExcellMater 2024 n YUCOMAT 2025 6una je unaH TEXHAYKOT 0100pa.
Hayunu ombop koudepenimje “Ist Regional SDIR-HDIR-MOKAD Congress”, 8.-10. oxtobpa 2025.,
Beorpan, je ncrakao meHy NMpe3eHTaNnnjy y OKBHPY 3. Harpaze 3a Hajoossu moctep. UnaH je BHIe CTpydIHUX
yIapyXema: MelyHapoaHOT ApYIITBa 3a HHXCHEPCTBO TKMBAa M pereHepatuBHy Menununy (TERMIS),
Cpnckor apymTBa uctpaxkuBaua paka (CUP), EBpornickor ynpyxema 3a nctpaxuBame paka (EACR) u
Y apyxema xemujckux nmxemepa Cpouje. ORCID: 0009-0004-3055-7413

I'oBOpH eHTJIeCKH jE3UK U CITYKU C& HEMAaYKHM.

1.2. CredueHO HAYYHOUCTPAKMUBAYKO UCKYCTBO

Mapuja ITaBnoBuh je y OKBHPY JOKTOPCKUX aKaJeMCKUX CTy[HWja MOJOXKWIA CBE NpeABHul)eHe UCTIUTE, Kao U
3aBpIIHA WCIUT TOJ HasuBOM , EBamyammja 3] momena kynrype hemmja ocreocapkoMa 3a TECTHPAE
AHTUTYMOPCKHUX JIEKOBa™, ca YKYITHOM IPOCEYHOM OIIeHOM 9,82.

Crucak MoJIoKEeHUX UCIINTA Ha JOKTOPCKUM CTyIHjaMa:

IIpeamer Ounena | ECIIB
NmoOwnnrcann 6noKaTann3aTopy: TEXHUKE UMOOMIIN3aIIT]e,0M0peakTopu 1 10 5
pUMeHa

CTpyKTypa CTakKja U CTakJIacTUX MaTepujasia 10 5
MerTo/e KapakTepu3alnje KepaMIUIKHX U CTAKIACTHX MaTepujaia 10 5
Buiu kypc TepMoarHaMuUKe 10 6
deHoMeHH npeHoca y OMOJIONIKUM CHCTEMIMA 10 6
YBehame pazmepa npoiieca 10 5
MarteMaTH4yKo OporpaMupame 10 6
XeMmujcka KHHETHKA 9 6
HNHxemepcTBO TKUBA 9 4
CuHTe3a, CBOjCTa M TPUMEHA OMOKEPAMHYKHX MaTepujajia 10 5
3aBpUIHU HCIIUT 10 30
YKynHo 9,82 83

Kao crynment noktopckux akaneMckux cryauja Mapuja IlasnoBuh je Ouna aHraxxoBaHa Ha W3BOhemy
EKCTICPUMEHTAITHIX BEXKOM U3 MpeaMeTa YBOJ Y XeMHjCKO HHXemepcTBo mkojcke 2023/2024 u 2024/2025.
roguHe. Y OKBHpPY HAy4HO-HCTpaKMBaykor pana, Mapuja [laBnoBuh ydecTByje y peanmsaunuju mpojekra
®onna 3a Hayky Penybnuke Cpouje ,,BioengineeredTumor — Biomimetic tumor engineering to enhance drug
discovery* (06p. yrosopa 7503, mporpam [TPU3MA, 2024-2026). tbena ucrtpaxuBama Cy ycMepeHa Ha
eBaJyalujy MpeTXOAHO pa3BHjeHOr TpoxumeH3noHaiHor (3/]) in vitro mozxena ocreocapkoma, 6a3upaHor Ha
NPUMEHH MAaKpOIIOPO3HOT KOMIIO3UTHOT AJTMHATHOI XHIpOrejia ca YecTHIaMa XHIPOKCHAllaTHTa Kao
Hocaua henmuja ¥ MPOTOYHOT OMOpEaKTOpa, y UCITUTHBAKY JIEIOBakba aHTUTYMOPCKOT JIeKa JIOKCOPYOUIHHA.
HctpaxkuBama Cy ycMepeHa Ha ONTHMH3AIMjy YCJIOBa Tajelkha M IMO00JbIIAke HMHTEpakiuja hendja ca
MarepujajioM, Ka0 M Ha HCIUTHBAKC JEJOBamkba XEMHOTEpaIleyTHKa JOKCOPYOUIMHA Y KPAaTKOPOYHHM M
JOYTOpOYHUM cTynujama. Ha OCHOBY JocalallllbuX pe3yniTaTa OBHX HCTPaKHBaWka MPUIPEMIBCHH CY W
MPE3eHTOBaHN PaJOBU Ha Mel)yHapoJHHM HayYyHHM CKYIIOBHMA, & Y TOKY je MpUIpeMa Hay4dHOT paja 3a
NOTeHIMjaHy myOnukanujy y mehyHapomHoMm uacomucy. J[o caza je W3 HayYHOMCTPa)KMBAuyKOT paja
Mapuje I1aBnoBrh 00jaBJbeHO JEBET caONIITEHa ca Mel)yHapOAHUX CKYIOBa MITAMIIAHUX Y U3BOJY.

M34 - Caonmreme ca MeE)yHAPOIHOT CKYIIA IITAMIIAHO Y U3BOY

1. Pavlovi¢ M., Banicevi¢ 1., Milivojevic M., Stojkovska J., Obradovi¢ B. (2024). Doxorubicin
application in a 3D osteosarcoma cell culture model, Twenty-second Young Researchers’ Conference
- Materials Science and Engineering, Belgrade, Serbia, December 4-6, Program and the Book of
Abstracts,1-2, p. 2. (ISBN 978-86-80321-39-4)

2. Pavlovi¢ M., Banicevi¢ 1., Milivojevic M., Stojkovska J., Obradovi¢ B. (2025). Advancing
osteosarcoma research: evaluation of a 3D osteosarcoma model for anticancer drug screening,



Twenty-sixth annual conference YUCOMAT 2025, Herceg Novi, Montenegro, September 1-5, Book
of Abstracts, P.S.14., p.84. (ISBN: 978-86-919111-8-8) (https://doi.org/10.5281/zenodo.17213784)

3. Pavlovi¢ M., Banicevi¢ 1., Milivojevi¢ M., Jankovi¢ R., Stojkovska J., Obradovi¢ B. (2025). Short-
ang long-term studies of a 3D osteosarcoma cell culture model for doxorubicin drug screening, The
Ist Regional SDIR-HDIR-MOKAD Congress, Belgrade, Serbia, October 8-10, Oncology Insights
vol.3, p. 172-173 (ISSN: 3009-3848)

4. Pavlovi¢ M., Stojkovska J., Milivojevi¢ M., Safakhah S., Takmakli S., Ozaydin Ince G., Shahabi
Nejad M., Heydari A., Zvicer J. (2025). Two paths to bone regeneration: engineering surface
nanostructure vs. compositional mimicry, 16" ECerS Conference for Young Scientists in Ceramics,
Novi Sad, Serbia, October 15-18, Book of abstracts, OP-60, p.98. (ISBN: 978-86-6253-199-5)

5. Pavlovi¢ M., Banicevi¢ 1., Milivojevi¢c M., Jankovi¢ R., Stojkovska J., Obradovi¢. (2025). A 3D
osteosarcoma model as a valuable tool for anticancer drug testing, Twenty-third Young Researchers’
Conference - Materials Science and Engineering, Belgrade, Serbia, December 3-5, Program and the
Book of Abstracts, 1-3, p. 3. (ISBN 978-86-80321-40-0)

6. Obradovi¢ B., Bani¢evi¢ 1., Petrovi¢ J., Pavlovi¢ M., Milivojevi¢ M., Jankovi¢ R., Dragoj M., Pesi¢
M., Stojkovska J. (2025). Towards a 3D cell culture platform for anticancer drug testing, Tissue
Engineering Part A, May 20-23, Freiburg, Germany, Abstracts of the TERMIS-EU Congress, vol.
31, nos. 11-12, p. €796.

7. Stojkovska J., Petrovi¢ J., Banicevi¢ 1., Pavlovi¢ M., Milivojevi¢ M., Dragoj M., Jankovi¢ R., Zvicer
J., Obradovi¢ B. (2025). Bridging the in vitro—in vivo gap: Tumor engineering for relevant and
reliable cancer research, The 1st Regional SDIR-HDIR-MOKAD Congress, October 8—10, Belgrade,
Serbia, Oncology Insights, vol. 2025, no. 3, p. 165. (ISSN: 3009-3848)

8. Stojkovska J., Banicevi¢ 1., Pavlovi¢ M., Milivojevi¢c M., Jankovi¢ R., Obradovi¢ B. (2025).
Engineered 3D osteosarcoma microenvironment model: Bridging in vitro—in vivo gap in cancer
research and anticancer drug screening, EACR 2025 Congress: Innovative Cancer Science, June 16—
19, Lisbon, Portugal, Molecular Oncology, vol. 19, Suppl. 1, p. 804. (ISSN: 1574-7891)
(https://doi.org/10.1002/1878-0261.70070)

9. Pejic J.,, Boji¢ L., Pavlovié¢ M., Banicevic 1., Stojkovska J., Milivojevi¢ M. (2025). 3D bone-mimetic
cell carriers for assessing the effects of 5-fluorouracil and doxorubicin on SAOS2 cells, The 1st
Regional SDIR-HDIR-MOKAD Congress, October 8—10, Belgrade, Serbia, Oncology Insights, vol.
2025, no. 3, p. 168-169. (ISSN: 3009-3848)

1.3. OnieHa ocnoco0JHEHOCTH KaHAMIATa 34 paJl Ha [PEUI0KEHO] TEMU

VY nocamammeM pamxy Mapuja [laBmoBuh je mokasana MOTHBHCAHOCT 32 HAyYHOHCTPaKMBAYKH paj M
WHTEepecoBame 3a paszBoj 3J[ in vitro cuctema 3a rajeme hemmja Tymopa. [lokasama je BemTHHY Yy
EKCIIEPUMEHTAIHOM pajly ¥ aHAJIMTUYHOCT Y 00paiu JIOOHjeHUX pe3yliTaTa Koje je ca yCIeXoM MpHrKa3aia Ha
Bunie MelyHapoaHux koHgpepeHuuja. Jlo caga je obOjaBuna 9 caommrema ca MehyHapoJHUX cKymnoBa
IITaMIIaHUX Yy U3BOAY. Ha OCHOBY jocamamimer paga, OCTBAPEHUX pe3yJiTaTa M IMOKa3aHOT MHTEPECcOBamba U
ciocobHocTn Kommcuja cmartpa fa KaHAWJaTKHIbA MCIyHaBa YCJIOBE 3a pajl Ha IMPEUIOKECHO] TEeMH
JIOKTOPCKE JTUCEepTaIlHje.

2. IIpeaMeT M HWb UCTPAKUBAKA

Tema xangupatkume Mapuje [laBnoBuh ,,JlHOBaTMBHO yHampehewme OMOMHUMHYHOr in Vitro Mojena
0CTEOCapKoMa 3a IOYy3/1aHO TeCTUpPAmke aHTUTYMOPCKUX JieKoBa“ (Enhancement of a biomimetic in vitro
osteosarcoma model for reliable anticancer drug testing) mnpumnaza Hay4HOj OO0JIACTH TEXHOJOIIKO
WHKEHEPCTBO, YXKOj 007IaCTH XEMH)CKO WHKEHEPCTBO. Y OKBHPY OBE O0JIACTH, MPEIMET UCTPKUBAbHA Y
OBOj T€3W YCMEPEH je Ha MHXEHEPCTBO TYMOPa, OJHOCHO Ha pa3Boj CHCTEMa 3a rajel-e MaIWIHUX henuja y
TpoauMeH3uoHaHOM (3 /1) okpyxemy 0a3upaHor Ha MPUMEHH Hocada helja ¥ IpOTOYHOT OHOpeakTopa, a
3a TIOTEHIMjAIHY YIOTpeOy y TEeCTHpamy aHTHUTYMOPCKUX JiekoBa. [Ipu ToMe cy HCTpakuBama MOCEeOHO
(dokycupaHa Ha OCTEOCapKOM, HajydecTaliMju TyMOp KOIUTaHOT TKHMBa KOjU HajBuile mnoraha pemy u
aJIoJIeCIIeHTe, ajk ce jaBjba W y cTapujoj momynauuju. OBaj MaJUrHU TYMOp je OKapakTepHcaH Kao
MOJMYKa0 W arpecrBaH TyMOp ca T€HEpaJHO JIONIOM IPOTHO30M YKOIHUKO Johje N0 MeracTa3upama.
Hajuemrhe Hacraje y mpeaennMa pacta KOCTHjy, a caM MPOIEC HacTaHKa TymMOpa M Jajbe MPOTrPecHje jOIil
YBEK HHUCY JJOBOJBHO MO3HATH. Y mopea MHTEH3MBHUX UCTpaKUBama, Beh BHIlle 01 ABE AeLieHHje HUje AOILIO
JI0 3Ha4ajHOr 1o0oJbllIamkha y TEPANUju OBOI TyMopa. JelaH o] pas3jora je Clop M 3axTeBaH IPOILEC pa3Boja
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HOBUX aHTHTYMOPCKHX JIEKOBA IITO CE y BEIMKOj MEPH MOXKE HMPHUIUCATH HEJOCTAI[IMA KOHBEHIIMOHATHUX
NPEKIMHUYKUX MoOJeNla 3a TecTHpame JiekoBa. Hamme, TpamummonamHo kopumheHe kynrtype hemmja y
MOHOCJIOjy OJHOCHO ABOAMMEH3HOHATHOM (2]1) OKpyKemy, a 3aTHM U eKCIIEpUMEHTAIHA UCTIUTHBAba Ha
KUBOTH-aMa, UMajy OpojHe Hemocratke. Y 2]J] xyntypama henuje cy M30JI0BaHE W3 TKHMBa M 3acejaHe Y
MOHOCIIOjy y TIOCylaMa 3a Tajeme, Tako Ja UM je MpoMemeHa Mopdonoruja m HemocTajy Banhemnjcku
MaTpHUKC U OMOMEXaHWYKH CUTHAIH. Nenuje cy, Takohe, TUPEeKTHO U3JI0XKEeHE JIEKy KOjU Ce TECTHpa TaKo Jia
Cy pe3yiaTaTH H0OHjeHH y OBUM KyJATypaMa 4ecTO Ja)KHO MO3UTUBHH OJHOCHO MOKa3yjy Belly CeH3UTHBHOCT
henuja Ha WCTIUTHBAHM JIEK Y OJHOCY Ha MaJUTHE TyMope in vivo. Ca pyre cTpaHe, in vivo TecTUpama Ha
’KMBOTHIbAMa Cy BeOMa CKyla M €THYKH Cy MPOOJeMETHYHA jep yClien pasiiuka u3Mely >KHBOTHISCKOT H
JbYICKOT OpraHu3Ma JO0OWjeHH MNPEeKIUHUYKH pe3yiTaTH ce Yy BEIMKO] MEpU HE MOTY MOTBPAHUTH Y
KIMHUYKUM HcruTHBamkbuMa. CTora je mpemo3Harta moTrpeba 3a (QHU3HOJIOMIKK DPEJICBaHTHUM in Vitro
MoOJIeTTMa TyMopa Koju he oMoryhuTty moy3maHuje 3aKjbydke OJl TPAAUIIMOHATHUX MPEKIMHIYKAX MOJIENa,
Kao ¥ CMamkemhe 00MMa MCIMTHBAka Ha JKMBOTHUH-AMa. JedaH ol MPUCTyHa y TOM MpaBLy je mpumeHa 3 /1
Hocaua henmuja 1 OmoMuMHUYHHX OMOpeakTopa. Hamme, nyro ce cmarpayio Aa je pa3Boj MaJIUTHHUX TyMoOpa
WCKJBYYHMBO TIOCIEIUIA AyTeHTHYHUX CBOjCTaBa MANWTHHUX henmuja. MelhyTuMm, caBpeMeHa UCTPaKUBama Cy
MoKa3aja /Jia ¥ MHKPOOKpPY)KEHe TyMOpa aKTHBHO YYECTBYje y TIpoIleCHMa HHHUIIMjaIldje, Iporpecuje, u
MeTacTazuparma TyMopa Ia Yak U y pa3Bojy OTHOpHOCTH Ha jekoBe. Crora, 3/ kynarype manuraux hemumja
BEpHHje OIOHAIA]y MHUKPOOKPYXKEHhEe TyMmMOpa TakO INTO HOCAYW HMHUTHPAjy BaHNEIMjCKH MaTPHUKC W
omoryhaBajy mehyhenujcke m wmHTepakumje m3mely hemmja m marpukca mok OmopeakTopu 00e30ehyjy
eduKacaH NpeHoc Mace U moTpedHe OMo(U3NIKe CUTHATIE.

VY ciydajy octeocapkoma, y MPETXOIHUM HCTPKUBAmbUMa Pa3BHj€HU CY MAaKpOIIOPO3HU Hocayw henuja Ha
0a3u xuaporena ajrMmHaTa ca cagp)KaHUM 4YecTHIamMa XHIPOKCHAlaTUTa KOjH HMHUTHPAjy NPHUPOTHH
nBo(a3HU cacTaB U CTPYKTYpy KocTdjy. OBH HOcCa4d Cy ca ycIleXOM NPUMEHEHH 3a Tajere MUIjux henuja
0CTe0ocapKoMa y MPOTOYHOM OMOpeakTopy Ipu 4yeMy cy henuje y OKBHpY KpPaTKOTPajHHUX CTyAuja A0 7 naHa
CHOHTaHO (¢opMHUpane arperare W CHHTeTHcaje BaHNENWjCKM MAaTPUKC KOjH je uMao ofpeheHe
KapaKTEepPUCTUKE ocTeocapkoma in vivo [1]. Mmak 3a MCHIUTHBame aHTUTYMOPCKHX JICKOBAa MOTPEOHE CY
IyTOpOYHHje CTynuje. Y3 To, airTMHAaT HeMa (DYHKIMOHAIIHE TpyIe 3a Koje Ou ce henuje Be3asie Tako aa ce
moxaszazo na ¢popMupaHu hemujcku arperatu uMajy ciabe KOHTaKTe ca HocadeM M y HajBeheM nenmy cy camo
(U3NYKK 33Ap)KaHu Yy IOpamMa KOMIIO3UTHOT aJiTHHATHOT XUAPOrena.

Llwp oBe HOKTOpCKE [ucepTanuje je Hajaorpaama pasBujeHor 3J] monenma octeocapkoma Ha 0asu
MaKpOITOPO3HHUX AJITMHATHUX HOCaya ca 4eCTHIaMa XWAPOKCHANaTUTa M MPOTOYHOTI OMOpeakTopa Tako Ja
peaiHuje mojJpakaBa MPUPOIHY CPEIUHY TYMOpa U Oy/ie MPUMEHJBHB Y TECTUPahy aHTHTYMOPCKHX JICKOBA.
KonkpeTrHO, 1mib je yBoheme HEKOJMKO WHOBATUBHUX aclekaTta Kako Oum ce moBehama crmokeHOCT
MHKPOOKpYXemha TyMopa, YuMe Ou ce 0osbe omoHamanu in vivo yciaoBu. OBe mHOBanuje he yKIbYy4HTH
noOoJblIake CBOjcTaBa Hocada henuja paau mojacTHIamka henujcke aaxesnje, MHTerpamnnjy OnoMeXaHuIKHX
CUTHaJIa KOjU MMUTHPAjy MEXaHWYKa Halpe3ama y KOCTHMa M Pa3Boj KOKyaTypa henuja octeocapkoma u
npeocTeo0iiacta, hennja xoje ce audepeHTyjy y ocTeodnacte, KIbydHUX 3a (popMHparme U PeMOIeNoBame
KomTaHor MmaTpukca. Kpo3 oBa moOospinama, mojen he BepHHje OMOHAIIATH IATOJIOMIKO OKPYKEHe
ocreocapkoma u TuMe he nmoreHnujanHo moBehatn peneBaHTHOCT 32 MPUMEHY Y TeCTHpamy JiekoBa. Tako na
je Kpajlu Wb OBE Te3e NMPHMEHa onTUMH30BaHOT 3J[ Mozena ocTteocapkoMma y MCIHMTHBambMMa edekara
CTaHJIapAHOT MOJIET aHTUTYMOPCKOT JIeKa MMIUIEMEHTHPAHOT y KIMHHYKH PEIEBAHTHOM PEKHMY.

[ToceOHM 1IMIbEBH OBE TUCEpTAIUje CY:

- moOoJblllathe KapaKTEepUCTHKa TIOBpIIMHA Hocaya 3a 0oJbe Be3WBame hellMja WHOBATUBHHM
IMOCTYIIKOM nenomunje MHUKPOYECTHULIA XUAPOKCHAIIaTUuTa,

- TpUMEHa JWHAMWUYKE KOMIIPECHje y3 MPOTOK MEAWjyMa Yy BHIICKOMIIOHCHTHOM OHOpEaKTopy W
WCIHTUBAKE yTUIaja Ha (hopMHpare U KapakTepucTHke Buehenmjckux arperara;

- yCIOCTaB/bake KOKyJTypa henuja ocrteocapkoma ca hendjaMa mpeocteo0nacta M HCIUTHBAME
MelycoOHUX MHTEpaKLyja;

- yCHOCTaBJbame OoNTHMHU30BaHOT 3/] MoJena ocTeocapkoMma y 1y>KeM BPEMEHCKOM Neproy of 4 110 6
HeJelba,;

- TecTHpame CTaHIapAHOr MOJeN Jeka (Hmp. aokcopyOuiuH, S-tuyopoypauwi) y 3/ moxeny
0CTe0CapKoMa MPH Pa3INIUTHM KOHIIEHTpaIjamMa U PeKUMUMa IIPUMEHE JIeKa,



aHanm3a JOOWjeHUX pe3yJiTaTa y MOIJIeny BHjaOMITHOCTH henrja m MOPGOIOMIKHX KapaKTePUCTHKA
henmja m henmujckux arperara v MpuMeHa MaTeMaTHIKOT MOJICJIOBamka 32 KOpeIucame IMpeHoca Mace
JIeKa M yTHUIaja Ha BUjabuinHoCT henrja u Benn4yuHy U pacrnojeny henujckux arperara.

VY najbeM TeKCTy HaBEJICH je CIHCcaK oadpaHe pelieBaHTHE JTUTEPaType.
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3. IToJs1a3He xXUMoOTE3€E

VY oKBHpY OBE TOKTOPCKE IHCepTaIHje, MpeUIoskeHa HCTPaKUBarba 1ojIa3e oJ] XMIIOTe3€e Jja Ce HaloTPalhboM
3/ in vitro Mmozena 3a rajeme henuja ocTeocapkoMa MOTy TOCTHNH YCIOBH y MUKPOOKpYXemwy henuja koju
peaylHO OTOHAIIajy KJBYYHE IapamMeTpe OBOT Tymopa in vivo mTo he omoryhutm moOujame MOy3maHHX
pesyJnTara TeCTUpama aHTHTYMOPCKHX JIEKOBA.

HpI/I TOME C€ 110J1a3U O[] CHCHChI/IX MMPETIIOCTABKU.

- VHOBaTMBHMUM TIOCTYIIKOM [ENO3MIHUje MHKpOUYeCTHIla XHApOKcHamatuta Moryhe je moOuTu
MakpoIOpo3He alTMHATHE HOocaue hemuja ca MonuM(UKOBaHOM IMOBPITMHOM 3a Kojy he ce hemuje
octeocapkoma 00Jpe Be3UBATH IITO he /ajbe YTUIATH Ha KapakTepucThke GopMUpaHuX henmjckux
arperata W oOMOryhwTH wW3y4aBame WHTEpakiuja hemmja omHocHO henmmjckux arperata ca
MOBPIIMHOM HOCaya Kao BEIUTaYKUM BaHNEIMjCKMM MaTpPHKCOM KOjU HMHUTHpA MAaTPHKC TKUBA
KOCTH.

- VYBohemem mmHamuuke kommpecuje y 3/] Momem ocrteocapkoMa MOTYy c€ YCIIEUTHO WMHUTHPATH
onpeheHa GuU3MONOIIKA HAallpe3ama y TKUBY KOCTH WTO he najbe oMOryhHTH HCIUTHBAkE YTHIAja
TUX OMOQU3NYKHX CHUTHaNTa Ha (OPMHUpAEkE U KapaKTepUCTHKE helMjcKux arperara, Kao M Ha
TIOTEHITHjaTHA Pa3B0Oj PE3UCTEHTHOCTH Ha JICKOBE.

- Moryhe je ycrocraButu kokynaType henuja octeocapkoMa u mpeocreodnacta y 3/1 cucremy koje he
omoHamaTu ojapeleHe acreKkTe MHTEpaKidja TyMOpa OCTEOCapKoMa ca OKOJIHHM 3/IPaBHM TKHBOM
KOCTH.

- OnrummsoBanu 31 Mozen octeocapkoma he OMTH MOTOJIaH 3a TECTUPAmhE AaHTUTYMOPCKHUX JIEKOBA Y
Pa3IMYUTUM pPEKHMUMa pEIeBaHTHUM 3a KIMHUYKE Tepalnuje npykajyhm moysgaHe pesynTare
YIOpEIHBE ca MoJJaluMa 13 KITMHHYKE MPaKce.

4. Haque METOAC UCTPAKUBALA

Vuanpehenn 3] momen kynrype henmja ocrteocapkoma, 3acHOBaH Ha TPHUMEHH MAakKpOIOPO3HHX
KOMITO3UTHHX aJTMHATHUX HOCada ca YeCTHIlaMa XWAPOKCHAmaTUTa M IMPOTOYHOr Onopeakropa, Ouhe
xopumhen 3a rajeme henujckux nuauja ocreocapkoma muma (K7M2-wt, ATCC® CRL-2836™), u mumjux
npeocreobnacta (MC3T3-El Subclone 14, ATCC® CRL-2594™). Bpoj henuja 3acejanux Ha Hocaue Guhe
onpehuBaH METOOM TpUIIAH IUIABOT KOPUIIhEHEM XEMOLUTOMETpa M MHBEPTHOT ONTHYKOI MHKPOCKOIIA.
Hocauu ca 3acejanum henuwjama he ce rajutu y mporounom Ouopeaktopy “3D Perfuse” (Mmomarmonu
neHrap TexHOJIomKo-MeTanypikor ¢akyirera, beorpam). TpermMan aHTUTYMOPCKUM JieKOoBUMa Bpinuhe ce
NPUMEHOM Pa3IMYUTUX KOHIEHTPAIMja CTAaHJapJAHUX aHTUTYMOPCKHUX JIEKOBA, TOIYT JOKCOPYOHIIMHA H 5-
¢dyopoypannia, y KpaTKOpOYHHUM U JYTOpPOYHUM eKCliepuMeHTHMa. Meraboinika akTHBHOCT henuja
npouewuBahe ce npumenom Mosmann (MTT) tecta. Mopdosoruja henuja HakoH rajema y 3/] monmeny u
TpeTMaHa JeKOoBMMa Ouhe HCIUTHBaHA XHUCTOJIOIIKMM aHaiu3ama (HOop. xemarokcuiuH-eo3nH (H&E)
0ojeme, Macorn (Massson) TpUXpOMHO O0jeme, CEINeKTHBHO O00jermhe PEeTHKYJIMHCKHX BJaKaHa),
cKkeHHpajyhoM elIeKTpOHCKOM MHKpPOCKONMHjoM W (uyopecuieHTHHM OojeweM henuja. Dopmupame u
BenM4YMHA cdeponna Ouhe aHanM3MpaHW MEpPEHEM HHHUXOBHX JIMMEH3HMja Ha XHCTOJOLIKHM IPECcerrMa.
Mopdomnomka aHanu3a Oulie cnpoBeneHa kopuihemeM NporpaMcKux nakera Image u Aperio ImageScope.
3a perraBame MaTeMaTHYKUX Mojela KojuMa he ce ommcuBaTH MPEHOC MPEHOC Mace, MOTPOIka JieKa U
oxymupame henvja yHyTap Hocaya u henujckux arperara ouhe kopuuihenu codptepcku naketu MatLab n
Python.

5. OyekuBaHU HAYYHH AOTIPHUHOC

OBa Te3a ce ¢okycupa Ha MHOBHpame MPEeTXOAHO paszBujeHor 3]/ monena kyntype henmja ocreocapkoma
3aCHOBaHOI Ha TPUMEHHM MAaKpOMOpPO3HMX KOMIIO3UTHHX alNTWHATHUX Hocada henwja ca dvectuiama
XHJIPOKCHAIIATHTA W MPOTOYHOT OHOpeakTopa ca IIJbEM pealHUjer Mo/IpaXKaBama in vivo CpejinHe TymMopa
panum mpuMEHe 3a TeCTHpame aHTHUTyMOpPCKuX JiekoBa. IIpum Tome, he ce wWHOBamuje OJHOCHTH Ha
No0oJbIIake KapaKTEPUCTHKA TIOBPIIMHA aITHHATHOT HOCaua 3a jaye Be3WBAE 3aCejaHHX henuja, mpuMeHy
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TUHAMAYKE KOMIIpECHje Yy TOKY Tajeha henmmja W ycmocTaBJhamkhe KOKyNTypa hemmja ocrteocapkoma u
mpeocteoliiacta 3a YCIEUNTHH]je OIOHAIIalke MPUPOAHE in Vivo cpemmHe Tymopa koctu. MHoBupanu 3/]
Mozen he 3aTuM OWTHU NPUMEHEH Y KPATKOPOYHHM M JTyTOPOYHUM HCIUTUBAK-MMa JIjCTBA CTAHAAPIAHOT
AHTUTYMOPCKOT Jieka. V3 OBMX WHOBallMja W UCTPaKMBama, OUYCKYyje ce Ja Te3a Mpyxu cienche HaydHe
JOTIPUHOCE:

- neduHHCame YyTHIAja KapaKTEPHCTHKAa MOBpIIMHE Ha QopMmupame u Mopdonorujy henmjckux
arperarta;

- HOBa ca3Hama O yTHIAjy AWHAMHUYKE KoMIpecHje Ha hemmje octeocapkoma y morieay (opMupama
henmjckux arperata u pa3Boja OTIIOPHOCTH Ha aHTUTYMOPCKE JIEKOBE;

- HOBa ca3Hama O WHTEpaKIWjaMa MaJUrHUX W 3IpaBuX henuja Kpo3 mpoydaBame KOKynTypa henmja
ocTeocapkoma u mpeocteobnacta y 31 Momeny;

- KOpenucame KOHIEHTpaldje W peKuMa MpUMEHE JieKa Ha NpPeKHBJbaBamhe MOjeAMHAYHUX, Kao H
henuja y arperatuma;

- HOBH YBHIOM y J€jCTBO aHTHUTyMOpCKOr Jieka Ha hemmje y 3] KynTypu pas3BojeM M TIPHUMEHOM
MaTeMaTHYKAX MOJeNa IpeHoca Jieka YHyTap Hocada W YHyTap henmjcKux arperara koju he
YKJBYYHTH TIOTPOIILY JIeKa M TpPEeXHBIbaBambe OAHOCHO cMpT henuja w mpeaBubame BeMMYMHA U
TUCTPUOYIHje arperara.

[Mopen oBMX Hay4YHHMX JAONPHHOCA OYEKyje ce Ja JOKTOpCKAa AWcepTanvja Aa W 3Ha4YajaH ApaKmudau
Jdonpuroc y Buly ontumu3oBanor 3J1 mozena ocreocapkoma koju hie OMTH MPUMEHJBUB y (hapMaleyTCKoj
WHAYCTPHjU 32 TECTHPame aHTUTYMOPCKHUX JiekoBa. Hamme, y oBoj mucepranuju he OuTH KopenncaHo BHUIIE
napameTapa 3J] Mozena Kao mTO Cy KapaKTepUCTHKE MOBPIIUHE, IMHAMUYKA HAlpe3ama U UHTEpaKImje ca
henMjama KOIITAHOT TKMBA, Ca KapaKTEPUCTHKAMa HACTAIMX NENUjCKHUX arperara, U TO MOCeOHO y MOTJeny
pa3Boja pe3ucTeHTHOCTH Ha jekoBe. [lopen Tora, Ouhe ananmu3upann epeKTH KPATKOPOIHUX U TyTOPOUHUX
CTyIHja mpuMeHe Mojien Jieka. Ha Taj HauwH, odekyje ce Ja JOOHMjeHH pe3yNTaTH IpyKe MUPOKY OCHOBY 3a
pa3Boj cremuduuno npuiaarohenux 3J1 cucrema 3a ompehene ¢apmarieyTcke HaMEHE Kao IITO Cy Op3u
TECTOBH aKTHUBHHUX (papMalleyTCKUX CYICTaHIM WM NPEKIMHHYKA eBaiyanuja (opmynanuja jekoBa —
KaH/IU/aTa y KIMHAYKH PEJICBAHTHOM PEXUMY.

6. ILnan ncTpaxkuBama U CTPYKTypa paja
HcTpaxxuBama y 0BOj TOKTOPCKO] TUCEPTAIUjH CY IUTaHUpaHa 1o cieaehum dazama:

- BalWjanMja MpeTxogHo passujeHor 31 mozpena kyntype henmja octeocapkoma 3a Tyropo4HO rajermhe
henuja (o 28 nana);

- WCIUTHBamke MOTYNHOCTH HAaHONIEHAa MHKPOYECTHIIA XHJPOKCHANATHTA HA YHYTpPAalllkhe MOBPIINHE
MaKpONOPO3HOT aJITHHATHOT XHJPOTrelia, a 3aTHM M Tajema henmja octeocapkoma y Moau(pHKOBaHUM
HOCaunMa;

- TIpuMeHa JWHAMUYKe KoMIpecuje Ha heivje ocreocapkoma 3acejaHe Ha MaKpOIOPO3HE ajrMHATHE
HOcaye ca CaApKaHUM OJHOCHO HAaHETHM 4YecTHIlaMa XHJIPOKCHAIllaTHTa U ojJpehuBame yTHIaja
n3MemeHe MOBPIIMHE Ha 33/IpkaBame henmuja yHyTap Hocada, Kao U oJpehuBame yTHIaja JTUHAMHUYKE
KOMITpecHje Ha BujabmiHOCT henuja u popmupame henmujckux arperara;

- TNpUMEHa MOJeNl AHTHTYMOPCKOT JieKa TMpH Pa3InduTUM KOHIEHTpanujamMa H Yy pPa3InduTHM
pexxumumMa Ha 3J] Mozene octeocapkoMa ca M 0e3 AMHAMHYKE KOMIpEcHje Y KpaTKOpoyHuM (1o 7
JlaHa) U IyTOpOYHHUM cTynujama (4 1o 6 Hexesba);

- pa3Boj W MpeMeHa MaTeMaTHYKUX MoJielia 3a npeaBuhame NMpeHoca Mace Jieka YHyTap Hocada, Kao
yHyTap henmjckux arperata y3 yKJbYYMBamb€ WIAHOBA MOTPOIIE Jieka M OAyMupama henuja u
npensuhame CMabUBaba BEIMUNHE arperara;

- yCHIocTaBJbame KOKyNType henuja octeocapkoMa W mpeocTeodiacta y MakponOpO3HUM ajJTHHATHUM
HOCaYMMa Ca YecTUI[aMa XUJPOKCHANATUTa M ONTHUMH3allWja y IMOMIeAy KOHIECHTpaluje M HadhHa
cejama henuja u cactaBa ¥ MOBPIIMHCKE OP3UHE XPAHJBUBOT MEAMjyMa;

- onpehuBame mehycoOHor yrmiaja hemuja ocreocapkoma M IMpeocTeo0siacTa y ONTUMHU30BaHOM 3]
MOJIeNTy KOKYJITYpe W TIOTCHIMjaiHa IpHMEHa MOJIe]l aHTUTYMOPCKOT JieKa Y KpaTKOPOYHUM
CTyaujama.



[Ipenasuha ce ma he mpemmoxeHa JOKTOpPCKa aucepTarja OMTH OpraHU30BaHa IO ciexehuM mormaBiprMa:
YBon, Teopujcku neo, ExcrepumentanHnu neo, Pesynratm m amckycwja, 3akibydak u Jluteparypa. Y
nornasjby YBoja Ouhe mpukasaH KpaTak OCBPT Ha MOAPYYje MCIUTHBama U Ac()UHUCAHW TJIaBHH IIMJbEBU
JucepTanyje W MpeaMeT HUCTpakuBamba. Y OKBHPY TeOpHjCKOT Jena AOKTOPCKE TUCepTaluje AeTaJbHUM
MperjieIoM JuTepaType Owhe cymHpaHa [Jocajalima HCTpaKWBama y objmactm KynTypa hemmja
OCTEOCapKOMa M HCIUTHBamka aHTUTYMOPCKHX JIEKOBAa ca MOCEOHMM (HOKycOM Ha OMOMHUMHYHHU TIPHCTYI
rajesy hemuja y 3/] okpyxemy npuMeHOM Hocaya henuja u 6uopeakropa. Y okBupy EkcrnepumeHTaiHOr
nema, Ouhe ommMcaHW CBH MaTepHjald, a 3aTUM M METOJle KopHimheHe y pamy. Y morjiaBipy Pesynraté u
mUcKycHja, Owhe mTpWKa3aHW W aHATU3WPAHW PE3YIATaTH EKCIIEPUMEHTAHWX WCTpaKuBama mpaheHn
KPUTHYKOM JUCKYCHjOM y OJHOCY Ha JuteparypHe moaatke. [locebno he OutH onemeHa NpUMEHIBUBOCT
HOBE METOJIOJIOTHjE¢ HAHOLICHha MUKPOYECTHIA XUAPOKCHAMATHTa W MOO0JbIIamha KapaKTepUCTHKAa HOocadya
hemmja. Taxole, pesynraTe [ejcTBa AHTHTYMOPCKHX JIEKOBa Yy OHOpPEaKTOPCKOM cHCTeMy he OuTH
aHaJM3MpaHH Y OJHOCY Ha pe3ysTaTe JoOHjeHe y KIIMHUYKO] Mpakcu 00jaBibeHe y autepaTypu. [locebno he
OWUTH pa3BUjeHH W TPUMEHEHH MaTeMaTHYKW MOZAEJH MpeHoca Mace W JiejcTBa Jieka Ha henuje u arperare
pamu moOwWjama yBHIOa Y MEXaHH3ME pe3ucTeHnuje hemwja. Y mormaBiby 3akibydak Owhe cyMUpaHU CBH
M3BENIEHN 3aKJby4Ill Ha OCHOBY JOOHMjeHMX pe3ynrtata. Y moriaBiby Jlureparypa Owhe HaBemena
pedepeHTHa JInTepaTypa 3a TCOPH]jCKH, EKCIICPUMEHTAIHU €0 U TUCKYCH]Y, Kao U IyOIMKAII1je TPOUCTEKIIS
13 OBE JIOKTOPCKE AHCEpTaIlyje.

7. 3ak/by4aKk u mpeasior

Ha ocHoBy m3Hermx mnonmataka Komucuja cmaTpa Ja je NpeJIoKeHAa TeMa JOKTOPCKE IucepTaiuje
WnoBatuBHO yHampehewe OHOMUMHYHOT in Vitro MOfela oOcTeocapkoMma 3a TMOY3[JaHO TEeCTHPAe
aaTATYyMOpCcKuX JekoBa (Enhancement of a biomimetic in vitro osteosarcoma model for reliable anticancer
drug testing) Hay4yHO 3acHOBaHa W Jna KauaugaT Mapwuja [laBnoBuh, MacTep HHXKEHEP TEXHOJOTH)E,
WCTyHaBa yCIIOBE 32 paj Ha OBOj JOKTOPCKOj Te3u. McTpaxuBama y OKBUPY OBE JOKTOPCKE JAMCEpTalyje
MIPHUITaaajy HaydHO] obmacTu TeXHOIOIMKO MHKEHEPCTBO, YoKa HaydyHa O0JIACT XEMH]jCKO MHKEHEPCTBO, 3a
KOjy je MaTudaH TexHOIOmKOo-MeTamypiiku ¢akynreT YHuBep3urera y beorpamy. Komucmja mpenmaxe
HacraBho-Hayunom Behy TexHomomko-meranypiikor ¢akynrera YHuBep3uTera y beorpany na mpuxsatu
TeMy W Ja KaHguaatkussn Mapuju [laBnoBuh omoOpu u3pamy JOKTOpCKE AWMCEpTaldje IMOJA HaBeISHUM
HacioBoM. 3a MeHTope ce mnpeanaxy Ap bojana OOpamosuh, penoBau mnpodecop Texnomomko-
MeTanypIkor ¢akynrera, YHuBep3utera y beorpany (yxa HayuHa obOnact XeMHjCKO UHKEHEPCTBO) U JIP
Jlua Pumonamuu, pemoBHu mnpodecop YHmBep3utera Mcrounor Ilujemonra ,,Amenco ABoraapo” Ha
HenapTmaHy 3a 31paBCcTBEHE Hayke (yka HayyHa o0nacT MHXemepcTBO TKUBA U pereHepaTUBHA MEIUIIMHA).

VY Beorpany, 23. janyap 2026. roauHe

YJIAHOBU KOMUCHUJE

Hp Bojana O6pamosuh, peaosuu npodecop
VYuuepsutet y beorpany, TexHONOIMKO-METaypIIKu (aKyiaTeT

Hp Jacmuna CTojkoBcKa, BUILIN HAYYHH CapaJHUK
VYuusep3uret y beorpaay, TexHONIOMWKO-MeTaypIku GpaKyiaTeT

Hp bpanucnas Toxuh, noueHt
VYuuep3uret y beorpaiy, TexHOIOMKO-MeTaypIiku QaKyiTeT

Jp Munena Munuojesuh, BUIIN HAYYHH CAPATHUK
Yuusepsurer y beorpany, MHCTUTYT 3a MOJIeKyapHy T€HETHKY U T€HETHYKO HHXEHEPCTBO
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Subject: Assessment report on the scientific basis of the doctoral dissertation topic for candidate Marija
Pavlovi¢, MSc in Chemical Engineering

By Decision No. 2025-35/507 of December 25, 2025, we were appointed members of the Committee for the
assessment of the scientific basis of the doctoral dissertation topic of candidate Marija Pavlovi¢ titled
Enhancement of a biomimetic in vitro osteosarcoma model for reliable anticancer drug testing (MroBaTHBHO
yHanpeheme OHOMUMIYHOT i1 Vifro MOJieNa 0CTe0capKoMa 3a IMoy3/1aHO TECTUPAe AaHTHTYMOPCKHUX JIEKOBA).
After evaluating the materials accompanying the candidate’s dissertation topic proposal, the Committee issues
the following

REPORT

1. Information on the candidate

1.1. Biographical information

Marija Pavlovi¢, Master in Chemical Engineering, was born on June 14, 1996 in Cagak, where she completed
both elementary and high school, majoring in natural sciences and mathematics and graduating as a recipient
of the “Vuk Karadzi¢ Award.” She completed her undergraduate and master's academic studies at the Faculty
of Technology and Metallurgy, University of Belgrade, in the study program Chemical Engineering with
average grades of 9.33 and 10, respectively. During her studies, she received scholarships from the Ministry
of Education, Science and Technological Development of the Republic of Serbia (academic years 2016/17 and
2017/18), as well as from the Young Talents Fund of the Republic of Serbia (academic year 2018/19). She
received three times the “Panta S. Tutundzi¢” Award for outstanding academic performance from the Faculty
of Technology and Metallurgy (academic years 2015/16, 2016/17 and 2017/18). She enrolled in the doctoral
academic study program in Chemical Engineering at the Faculty of Technology and Metallurgy in Belgrade
in the academic year 2022/2023.

She attended 4 international summer schools or workshops:

- ExcellMatter Workshop on the routes to clinical utilization of novel biomaterials for medical devices
(Faculty of Technology and Metallurgy, Belgrade, Serbia, 28. — 30.09.2022)

- The first ExcellMater specialized school - School on biomaterials aimed for dental and orthopedic
applications (Faculty of Technology and Metallurgy, Belgrade, Serbia, 31.10. — 05.11. 2023.,
recognized as a seminar in the doctoral studies at the Faculty of Technology and Metallurgy, 2 ESPB);

- Second ExcellMater specialized school - Bioactive hydrogels and hydrogel nanocomposites aimed for
wound treatments (Faculty of Technology and Metallurgy, Belgrade, Serbia, 15. — 20.01.2024,
recognized as a seminar in the doctoral studies at the Faculty of Technology and Metallurgy, 2 ESPB);

- TwinPrebioEnz specialized school — Summer school in bioinformatics (Faculty of Technology and
Metallurgy, Belgrade, Serbia, 19. — 25.06.2025.)

In addition, she spent two weeks as a visiting researcher at the Center for Translational Research in
Autoimmune Diseases and Allergies (CAAD), University of Eastern Piedmont “Amedeo Avogadro” in
Novara, Italy, from February 17 to March 1, 2024, within the ExcellMater project.



Marija Pavlovi¢ received the title of Junior Research Assistant on March 9, 2023, and has been employed in
this capacity at the Faculty of Technology and Metallurgy in Belgrade since March 15, 2025.

In addition to her studies and scientific research activities, Marija Pavlovi¢ has participated in the
popularization and promotion of science, in particular within the promotion of the Faculty of Technology and
Metallurgy, University of Belgrade at the International Fair of Technology and Technical Achievements in
2023. She was a member of the technical committee at the international conferences ExcellMater 2024 and
YUCOMAT 2025. The scientific committee of the “1st Regional SDIR-HDIR-MOKAD Congress”, 8-10
October 2025, Belgrade, highlighted her presentation as part of the 3™ prize for the best poster. She is a member
of several professional associations: the International Society for Tissue Engineering and Regenerative
Medicine (TERMIS), the Serbian Society of Cancer Researchers (SDIR), the European Association for Cancer
Research (EACR) and the Association of Chemical Engineers of Serbia. ORCID: 0009-0004-3055-7413

She speaks English and uses German.

1.2. Scientific research experience

Marija Pavlovi¢ passed all the required exams as part of her doctoral academic studies, as well as the final
exam titled "Evaluation of 3D osteosarcoma cell culture models for testing antitumor drugs", with an overall
average grade of 9.82.

List of passed exams in doctoral studies:

Course Grade | ECTS
Immobilized biocatalysts: immobilization techniques, bioreactors and 10 5
applications

Structures of glass and glassy materials 10 5
Characterization methods of ceramic and glass materials 10 5
Advanced chemical engineering thermodynamics 10 6
Transport Phenomena in Biological Systems 10 6
Scale-up in Chemical Engineering 10 5
Mathematical programming 10 6
Chemical kinetics 9 6
Tissue Engineering 9 4
Synthesis, properties and application of bioceramic materials 10 5
Final exam 10 30
In total 9.82 83

As a doctoral student, Marija Pavlovi¢ was engaged in conducting experimental classes in the course
Introduction to Chemical Engineering in the academic years 2023/2024 and 2024/2025. Within the framework
of her scientific research work, Marija Pavlovi¢ participates in the implementation of the project
"BioengineeredTumor - Biomimetic tumor engineering to enhance drug discovery" (no. 7503, PRIZMA
program, 2024-2026) funded by the Science Fund of the Republic of Serbia. Her research is focused on the
evaluation of a previously developed three-dimensional (3D) in vitro model of osteosarcoma, based on the use
of a macroporous composite alginate hydrogel with hydroxyapatite particles as a cell carrier and a perfusion
bioreactor, in testing the effects of the antitumor drug doxorubicin. The research is aimed at optimizing culture
conditions and improving cell-material interactions, as well as examining the effects of the chemotherapeutic
drug doxorubicin in short-term and long-term studies. Based on the results obtained so far, findings have been
presented at international scientific conferences, and a manuscript is currently being prepared for potential
publication in an international journal. To date, nine abstracts authored by Marija Pavlovi¢ have been published
in international conference books of abstracts.

M34 - International conference presentations published as abstracts

1. Pavlovi¢ M., Banicevi¢ 1., Milivojevic M., Stojkovska J., Obradovi¢ B. (2024). Doxorubicin
application in a 3D osteosarcoma cell culture model, Twenty-second Young Researchers' Conference



- Materials Science and Engineering, Belgrade, Serbia, December 4-6, Program and the Book of
Abstracts, 1-2, p. 2. (ISBN 978-86-80321-39-4)

2. Pavlovi¢ M., Bani¢evi¢ 1., Milivojevic M., Stojkovska J., Obradovi¢ B. (2025). Advancing
osteosarcoma research: evaluation of a 3D osteosarcoma model for anticancer drug screening, Twenty-
sixth annual conference YUCOMAT 2025, Herceg Novi, Montenegro, September 1-5, Book of
Abstracts, PS14., p.84. (ISBN: 978-86-919111-8-8) (https://doi.org/10.5281/zenodo.17213784)

3. Pavlovi¢ M., Banicevi¢ 1., Milivojevi¢ M., Jankovi¢ R., Stojkovska J., Obradovi¢ B. (2025). Short-
and long-term studies of a 3D osteosarcoma cell culture model for doxorubicin drug screening, The
Ist Regional SDIR-HDIR-MOKAD Congress, Belgrade, Serbia, October 8-10, Oncology Insights
vol.3, p. 172-173 (ISSN: 3009-3848)

4. Pavlovi¢ M., Stojkovska J., Milivojevic M., Safakhah S., Takmakli S., Ozaydin Ince G., Shahabi
Nejad M., Heydari A., Zvicer J. (2025). Two paths to bone regeneration: engineering surface
nanostructure vs. compositional mimicry, 16th ECerS Conference for Young Scientists in Ceramics,
Novi Sad, Serbia, October 15-18, Book of abstracts, OP-60, p.98. (ISBN: 978-86-6253-199-5)

5. Pavlovié¢ M., Banicevi¢ 1., Milivojevi¢ M., Jankovi¢ R., Stojkovska J., Obradovi¢. (2025). A 3D
osteosarcoma model as a valuable tool for anticancer drug testing, Twenty-third Young Researchers'
Conference - Materials Science and Engineering, Belgrade, Serbia, December 3-5, Program and the
Book of Abstracts, 1-3, p. 3. (ISBN 978-86-80321-40-0)

6. Obradovi¢ B., Bani¢evi¢ 1., Petrovi¢ J., Pavlovi¢ M., Milivojevi¢ M., Jankovi¢ R., Dragoj M., Pesi¢
M., Stojkovska J. (2025). Towards a 3D cell culture platform for anticancer drug testing, Tissue
Engineering Part A, May 20-23, Freiburg, Germany, Abstracts of the TERMIS-EU Congress, vol. 31,
nos. 11-12, p. €796.

7. Stojkovska J., Petrovi¢ J., Banicevi¢ ., Pavlovi¢ M., Milivojevi¢ M., Dragoj M., Jankovi¢ R., Zvicer
J., Obradovi¢ B. (2025). Bridging the in vitro—in vivo gap: Tumor engineering for relevant and reliable
cancer research, The 1st Regional SDIR-HDIR-MOKAD Congress, October 8—10, Belgrade, Serbia,
Oncology Insights, vol. 2025, no. 3, p. 165. (ISSN: 3009-3848)

8. Stojkovska J., Banicevi¢ 1., Pavlovi¢ M., Milivojevi¢c M., Jankovi¢ R., Obradovi¢ B. (2025).
Engineered 3D osteosarcoma microenvironment model: Bridging in vitro—in vivo gap in cancer
research and anticancer drug screening, EACR 2025 Congress: Innovative Cancer Science, June 16—
19, Lisbon, Portugal, Molecular Oncology, vol. 19, Suppl. 1, p. 804. (ISSN: 1574-7891)
(https://doi.org/10.1002/1878-0261.70070)

9. Peji¢ J., Boji¢ L., Pavlovié¢ M., Bani¢evic¢ 1., Stojkovska J., Milivojevi¢ M. (2025). 3D bone-mimetic
cell carriers for assessing the effects of 5-fluorouracil and doxorubicin on SAOS2 cells, The 1st
Regional SDIR-HDIR-MOKAD Congress, October 8—10, Belgrade, Serbia, Oncology Insights, vol.
2025, no. 3, p. 168-169. (ISSN: 3009-3848)

1.3. Assessment of the candidate's ability to work on the proposed topic

Marija Pavlovi¢ has shown so far high motivation for scientific research and interest in the development of 3D
in vitro systems for cultivating tumor cells. She has demonstrated strong experimental and analytical abilities,
and has successfully presented her research findings at several international conferences. Until now, she has
published nine international conference presentations as abstracts. In view of her prior work, achievements,
and proven interest and ability, the Committee believes that the candidate meets the requirements to pursue
the proposed doctoral dissertation topic.

2. Subject and objectives of the research

The doctoral dissertation topic "Enhancement of a biomimetic in vitro osteosarcoma model for reliable
anticancer drug testing" (MHoBaTHMBHO yHanpelheme ONOMUMHUYHOT i# Vitro MOJeia OCTE0CapKoOMa 3a MOY3JaHO
TECTHpame aHTHUTyMOpckux JiekoBa) of Marija Pavlovi¢ belongs to the scientific field of technological
engineering, the narrow field of chemical engineering. Within this field, the subject of research in this thesis
is focused on tumor engineering, i.e. on the development of a system for cultivating malignant cells in a three-
dimensional (3D) environment based on the use of cell carriers and a perfusion bioreactor, for potential
application in antitumor drug testing. In this regard, research is particularly focused on osteosarcoma, the most
common bone tumor that most often affects children and adolescents, but also occurs in the elderly population.
This malignant tumor is characterized as an insidious and aggressive tumor with a generally poor prognosis in
the case of metastasis. It most often occurs in areas of bone growth, while the processes of tumor initiation and
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further progression are still not sufficiently known. Despite intensive research, only minimal improvements
have been made in the therapy of this tumor over the past two decades. One reason is the slow and demanding
process of developing new antitumor drugs, which can be largely attributed to the shortcomings of
conventional preclinical drug testing models. Namely, the traditionally used cell cultures in a monolayer, in a
two-dimensional (2D) environment, and then experimental animal studies, have numerous shortcomings. In
2D cultures, cells are isolated from tissue and seeded in a monolayer in culture dishes, so that their morphology
is altered and they lack extracellular matrix and biomechanical signals. The cells are also directly exposed to
the drug being tested, so the results obtained in these cultures are often false positives, i.e. they show a higher
sensitivity of the cells to the test drug compared to malignant tumors in vivo. On the other hand, in vivo animal
testing is very expensive and ethically problematic because, due to the species differences, the obtained
preclinical results often fail to translate successfully to clinical trials. Therefore, there has been a recognized
need for physiologically relevant in vitro tumor models that that can provide more reliable data than traditional
preclinical models and also minimize the need for animal testing. One approach in this direction is the
application of 3D cell carriers and biomimetic bioreactors. Namely, it was long believed that the development
of malignant tumors is exclusively a consequence of the authentic properties of malignant cells. However,
modern research has shown that the tumor microenvironment also actively participates in the processes of
tumor initiation, progression, and metastasis, and even in the development of drug resistance. Therefore, 3D
cultures of malignant cells more closely mimic the tumor microenvironment by using scaffolds that mimic the
extracellular matrix and support intercellular and cell-matrix interactions, while bioreactors ensure efficient
mass transfer and provide essential biophysical cues.

The candidate’s thesis research builds upon previous studies of osteosarcoma cell culture models that
developed macroporous cell carriers based on alginate hydrogels with hydroxyapatite particles to replicate the
natural biphasic composition and structure of bone. These carriers have been successfully used to culture
murine osteosarcoma cells in a perfusion bioreactor, where in short-term studies up to 7 days, the cells
spontaneously formed aggregates and synthesized extracellular matrix that had certain characteristics of
osteosarcoma in vivo [1]. However, longer-term studies are needed for testing antitumor drugs. In addition,
alginate does not have functional groups to which cells would bind, so it was shown that the formed cell
aggregates have weak contacts with the carrier and are mostly only physically retained in the pores of the
composite alginate hydrogel.

The aim of this doctoral dissertation is to upgrade the developed 3D osteosarcoma model based on
macroporous alginate carriers with hydroxyapatite particles and a perfusion bioreactor so that it more closely
replicates the natural tumor environment and can be effectively used for antitumor drug testing. Specifically,
the goal is to introduce several innovative aspects to increase the complexity of the tumor microenvironment,
thereby better mimicking in vivo conditions. These innovations will include improving the properties of the
cell carrier to promote cell adhesion, integrating biomechanical signals that mimic mechanical stresses in bone,
and developing cocultures of osteosarcoma cells and preosteoblasts, cells that differentiate into osteoblasts and
are crucial for the formation and remodeling of bone matrix. Through these improvements, the model will
more closely mimic the pathological environment of osteosarcoma and thus potentially increase its relevance
for application in drug testing. Thus, the ultimate goal of this thesis is the application of the optimized 3D
osteosarcoma model in studies of the effects of a standard model antitumor drug implemented in a clinically
relevant regimen.

The specific objectives of this dissertation are:

improving the characteristics of carrier surfaces for better cell attachment through an innovative

process of hydroxyapatite microparticle deposition;

- application of dynamic compression with medium flow in a multicomponent bioreactor and
examination of the impacts on the formation and characteristics of multicellular aggregates;

- establishing cocultures of osteosarcoma cells with preosteoblasts and examining their interactions;

- establishment of an optimized 3D model of osteosarcoma over a longer period of time of 4 to 6 weeks;

- testing a standard model drug (e.g. doxorubicin, 5-fluorouracil) in a 3D osteosarcoma model at
different concentrations and drug administration regimens;

- analysis of the obtained results in terms of cell viability and morphological characteristics of cells and

cell aggregates and application of mathematical modeling to correlate drug mass transfer and the effect

on cell viability and the size and distribution of cell aggregates.
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3. Initial hypotheses

In this doctoral dissertation, the proposed research is based on the hypothesis that upgrading the 3D in vitro
model for culturing osteosarcoma cells will create a cell microenvironment that realistically mimics the key
parameters of this tumor in vivo, thereby enabling reliable results in antitumor drug testing.

This is based on the following assumptions.

- By using an innovative method to deposit hydroxyapatite microparticles, it is possible to create
macroporous alginate cell carriers with modified surfaces that promote better attachment of
osteosarcoma cells. This improved cell adhesion will influence the properties of the resulting cell
aggregates and enable the studies of interactions of the cells (or aggregates) with the carrier surface,
which serves as an artificial extracellular matrix mimicking bone tissue.

- By introducing dynamic compression into a 3D model of osteosarcoma, certain physiological stresses
in bone tissue can be successfully mimicked, which will further enable the investigation of the impact
of these biophysical signals on the formation and characteristics of cell aggregates, as well as on the
potential development of drug resistance.

- It is possible to establish cocultures of osteosarcoma cells and preosteoblasts in a 3D system that will
mimic certain aspects of the interactions of osteosarcoma tumors with surrounding healthy bone tissue.

- The optimized 3D model of osteosarcoma will be suitable for testing antitumor drugs in clinically
relevant regimens, providing reliable results comparable to data from clinical practice.

4. Scientific methods

An improved 3D osteosarcoma cell culture model, based on the use of macroporous composite alginate carriers
with hydroxyapatite particles and a perfusion bioreactor, will be utilized to culture murine osteosarcoma
(K7M2-wt, ATCC® CRL-2836™), and preosteoblast (MC3T3-E1 Subclone 14, ATCC® CRL-2594™) cell
lines. The number of cells seeded on the supports will be determined by the trypan blue method using a
hemocytometer and an inverted optical microscope. The carriers with seeded cells will be cultured in a
perfusion bioreactor “3D Perfuse” (Innovation Center of the Faculty of Technology and Metallurgy, Belgrade).
Antitumor drug treatment will be performed using different concentrations of standard antitumor drugs, such
as doxorubicin and 5-fluorouracil, in short-term and long-term experiments. Cell metabolic activity will be
assessed using the Mosmann (MTT) assay. Cell morphology after culture in the 3D model and drug treatment
will be examined by histological analyses (e.g. hematoxylin-eosin (H&E) staining, Masson's trichrome
staining, selective reticulin fiber staining), scanning electron microscopy, and fluorescent cell staining.
Spheroid formation and size will be analyzed by measuring their dimensions on histological sections.
Morphological analysis will be performed using the ImageJ and Aperio ImageScope software packages. The
MatLab and Python software packages will be used to solve mathematical models that will describe mass
transfer, drug consumption, and cell death within carriers and cell aggregates.

5. Expected scientific contribution

This thesis focuses on advancing a previously developed 3D osteosarcoma cell culture model, which uses
macroporous composite alginate scaffolds with hydroxyapatite particles and a perfusion bioreactor, with the
aim of more accurately mimicking the in vivo tumor environment for antitumor drug testing. These innovations
will include improving the surface characteristics of the alginate support to enhance cell attachment, applying
dynamic compression during cell cultivation, and establishing cocultures of osteosarcoma cells and
preosteoblasts to better mimic the natural in vivo bone tumor environment. The innovated 3D model will then
be applied in short-term and long-term studies of the effects of a standard antitumor drug. From these
innovations and research, the thesis is expected to provide the following scientific contributions:

- defining the influence of surface characteristics on the formation and morphology of cell aggregates;

- new knowledge about the impact of dynamic compression on osteosarcoma cells in terms of the
formation of cell aggregates and the development of resistance to antitumor drugs;

- new insights into the interactions of malignant and healthy cells through the study of cocultures of
osteosarcoma and preosteoblast cells in a 3D model;



- correlation of drug concentration and administration regimen on the survival of individual cells as well
as cells in aggregates;

- new insights into the effect of an antitumor drug on cells in 3D culture by developing and applying
mathematical models of drug transport within carriers and within cell aggregates that will include drug
consumption, cell survival or death and prediction of aggregate size and distribution.

In addition to these scientific contributions, the doctoral dissertation is expected to make a significant practical
contribution in the form of an optimized 3D model of osteosarcoma that will be applicable in the
pharmaceutical industry for testing antitumor drugs. Namely, in this dissertation, several parameters of the 3D
model, such as surface characteristics, dynamic stresses and interactions with bone tissue cells, will be
correlated with the characteristics of the resulting cell aggregates, especially with regard to the development
of drug resistance. In addition, the effects of short-term and long-term studies of the drug model application
will be analyzed. In this way, it is expected that the obtained results will provide a broad basis for the
development of specifically tailored 3D systems for certain pharmaceutical purposes such as rapid tests of
active pharmaceutical ingredients or preclinical evaluation of drug candidate formulations in a clinically
relevant regimen.

6. Research plan and dissertation structure
The research in this doctoral dissertation is planned in the following phases:

- validation of a previously developed 3D osteosarcoma cell culture model for long-term cell cultivation
(up to 28 days);

- investigation of the possibility of depositing hydroxyapatite microparticles to the inner surfaces of
macroporous alginate hydrogel, followed by cultivation of osteosarcoma cells in modified carriers;

- application of dynamic compression to osteosarcoma cells seeded on macroporous alginate supports
containing or coated with hydroxyapatite particles and assessment of the effects of surface modifications
and dynamic compression on cell retention, viability, and aggregate formation;

- application of a model antitumor drug at different concentrations and in different regimens to 3D
osteosarcoma models with and without dynamic compression in short-term (up to 7 days) and long-term
studies (4 to 6 weeks);

- development and application of mathematical models for predicting drug mass transfer within carriers,
as well as within cell aggregates, including drug consumption and cell death terms, and predicting
aggregate size reduction;

- establishment of coculture of osteosarcoma and preosteoblast cells in macroporous alginate carriers with
hydroxyapatite particles and optimization in terms of cell concentration and seeding method, as well as
composition and superficial velocity of the nutrient medium;

- assessment of the interactions between osteosarcoma cells and preosteoblasts in an optimized 3D
coculture model and, potentially, the application of the model antitumor drug in short-term studies.

It is envisaged that the proposed doctoral dissertation will be organized into the following chapters:
Introduction, Theoretical part, Experimental part, Results and discussion, Conclusion and Literature. The
Introduction chapter will present a brief overview of the area of investigation and define the main goals of the
dissertation and the subject of the research. Within the Theoretical part of the doctoral dissertation, a detailed
literature review will be conducted to summarize previous research in the field of osteosarcoma cell cultures
and antitumor drug testing with a special focus on the biomimetic approach to cell cultivation in a 3D
environment using cell carriers and bioreactors. The Experimental section will first describe all materials used,
followed by the methods applied in this research. In the Results and Discussion chapter, the experimental
results will be presented and analyzed, followed by a critical discussion in relation to the literature data. In
particular, the applicability of the new methodology for applying hydroxyapatite microparticles and improving
the characteristics of cell carriers will be assessed. Also, the results of the effects of antitumor drugs applied
in the bioreactor system will be analyzed in relation to the results obtained in clinical practice published in the
literature. In particular, mathematical models of mass transfer and drug effects on cells and aggregates will be
developed and applied in order to gain insights into the mechanisms of cell resistance. The Conclusion chapter
will summarize all conclusions drawn based on the results obtained. The References section will list all
literature cited throughout the theoretical, experimental, and discussion sections, along with publications
resulting from this doctoral dissertation.



7. Final assessment and recommendation

Based on the presented data, the Committee finds that the proposed doctoral dissertation topic, Enhancement
of a Biomimetic In Vitro Osteosarcoma Model for Reliable Anticancer Drug Testing (HMHOBaTHBHO
yHanpeheme OMOMIMHYHOT in Vitro MoJIeTa 0CTe0CapKoMa 3a TIOY3JaHO TECTUPAHE AHTUTYMOPCKHX JIEKOBA),
is scientifically well-founded. The Committee also considers that the candidate, Marija Pavlovi¢, MSc in
Chemical Engineering, meets the requirements to undertake this doctoral research. The proposed research falls
within the scientific field of Technological Engineering, specifically the narrower field of Chemical
Engineering, for which the Faculty of Technology and Metallurgy, University of Belgrade, is the authorized
and accredited institution. The Committee proposes to the Academic Council of the Faculty of Technology
and Metallurgy, University of Belgrade, that the topic be accepted and that Marija Pavlovi¢ be approved to
prepare a doctoral dissertation under the stated title. The following mentors are proposed: Dr. Bojana
Obradovi¢, Full Professor, Faculty of Technology and Metallurgy, University of Belgrade (narrower scientific
field: Chemical Engineering) and Dr. Lia Rimondini, Full Professor, University of Eastern Piedmont "Amedeo
Avogadro," Department of Health Sciences (narrower scientific field: Tissue Engineering and Regenerative
Medicine).
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