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1. Xapakrepuctuka CHI3L1, MoJieKyIsIpHOro MapKepa I71i06J1aCTOM, Ta TUILYBaHHS [J1i06J1aCTOM 3a Ipodinem

eKcIpecii reHis

2. Characterization of glioblastoma molecular marker CHI3L1 and glioblastoma grouping on the basis of gene
expression

Pedepar:

1. luceprauisa nprucBga4eHa xapaKTepUCTHUL MeXaHi3MiB peryssauii ekcrpecii rena CHI3L1, HamekcnpecoBaHOTo B
riio6s1acTOMax, i BUBHAYEHHIO 0COOIMBOCTEN 10r0 (PyHKLIOHYBaHHSI, @ TAKOXK TUITYBAHHIO T1i06J1aCTOM 32
npodinem ekcrpecii reHis. B xofii po60TH BCTaHOBJIEHO, 110 Y XBOPUX 3 IEPBUHHUMU Iiiobsactomamu, G/G-
rOMO3UTOTHUX 32 OJJHOHYKJIEOTUIHUM Mosimopdizmom -131C->G B npomoTtopi CHI3L1, HasiBHA TeHAEHLis 1O
3meHueHHs ekcrpecii CHI3L1. Byso gociinxkeHo BIIMB TPaHCKPUINLIAHOTO pakTopy p53 Ha npoaykuio CHI3L1 i
nokazaso, mo excrnpecis CHI3L1 B kiitunax ninii U87, 1m0 noxonsTh 3 riiobsacTtoMu, MOKe OyTY 3HIDKEHA 32
paxyHoK Hazekcnpecii TP53, aktuBauii nporeina p53 abo yepe3 6J10KyBaHHS Horo ferpasatii. BctaHoBsieHo, 1110
inribyBanns peanerusnasu ricroHis SIRT1 3umwkye excripecito CHI3L1 B knitnHax U87. TIOpiBHSIHHSM CTPYKTYP [BOX
rOMOJIOTIYHUX MIPOTEIHIB, [0 MAIOTh IIPOTUJIESKHMN BIJIMB Ha IPOoJlidpepaliio KIiTHH: TpocTopoBoi mogeni CHI3LZ,
OTPMMAaHOI MOJIEJIIOBaHHSIM 3a TOMOJIOTI€l, 3i cTpykTypoto CHI3L1 nokasano, mo CHI3L1 mae nBi BigMiHHI



(PYHKUiOHAJIBHI ONUHUL - pEOPraHi30BaHMM JiraHz-3B'I3yI0YUI CAlT i HIOBEPXHEBU [TO3UTUBHO 3apsIKEHUN
renaprH-3B'S93yI04UIi MOTHUB. 32 JOITOMOIOI0 CAalT-CIIPSIMOBAHOIO MyTareHe3y BCTAaHOBJIEHO, 1o rpotein CHI3LI1
3B'43y€ThCs 3 FEIIaPUHOM Yepe3 KilaCcTep MO3UTHUBHO 3apSAIKEHUX aMiHOKUCIIOT Ha [IOBEPXHI MIPOTeiHa, i ne
rernapyH-3B'a3yI0unil CalT MOXXe OyTH BiJIIOBiJaJIbHUM 33 CyOCTpaT-HE3aJIEXKHMNA PiCT KIITHH 293 3 HAJIPOAYKILiEI0
CHI3LI. Po3po6aeHo niaxin cyoTUnyBaHHs [J1i061aCTOM, SIKUIA NIOJIArae B 00'eIHaHHI JaHMX T€HHO]I eKcIIpecii 3
pi3HUX pOO6IT, BU3HAUEHH] YKCa rPyl B MacUBi JaHUX, IPOBEIEeHH] KJlacCTepPHOrO aHaJsli3y Ta IepeBipli pe3yabTaTiB
3a JOIIOMOT0I0 HE3aJIeXKHOTO METOJly - HEIPOMEPEXXEBOro aHalidy. 3a npodinem excripecii o6paHux B faHiil poboTi
416 reniB BU3HA4YEHO [Ba MiATUIN I711061aCTOM, "TIposTipepaTUBHUIL" Ta "MPOHENPasIbHUI", IKi MOXKYTb BijoOpaxkaru
0COOIMBOCTI iXHBOTO PO3BUTKY. TUIyBaHHS IJ1i0671aCTOM 32 IIpodiseM eKcIpecii reHiB B IOalbIIOMy MOXE

IOTIOMOTTU pO3pOOUTHU CTpaTerii IXHbOTO JIiKyBaHHSI.

2. Thesis focuses on the characterization of the mechanisms involved in regulation of the CHI3L1 gene expression,
which is overexpressed in glioblastoma, the elucidation of the peculiarities of its functions, as well as glioblastoma
typing based on the gene expression profiles. Among all human cancers the tumors of the central nervous system
comprise from 2 to 5%, and about half of them are glial brain tumors. They develop from astrocytic glia or
oligodendroglia, 50% of them are diagnosed as glioblastoma, tumor of fourth, the highest malignancy grade
according to the World Health Organization grading system. Medium survival for patients with glioblastoma is 12-
14 months, and despite prominent success of radio- and chemotherapy during the last decades the survival did not
increase significantly. The CHI3L1 gene that encodes chitinase-3-like protein 1is one of the most overexpressed
genes in glioblastoma as compared to adult normal brain. The CHI3L1 protein belongs to glycosylhydrolase family
18 and possesses growth-stimulating and proangiogenic properties. In human organism CHI3L1 is a marker of
differentiated macrophages, where it is expressed at the last stage of their maturation. In tumors CHI3L1 is
expressed by both macrophages recruited to the tumor and tumor cells themselves. To investigate the CHI3L1
protein level in different brain tumors we analyzed 54 tumor samples of different origin. Among analyzed brain
tumor samples we found the CHI3L1 level to be absent in diffuse astrocytoma and other tumors of non-astrocytic
origin. Alternatively, CHI3L1 was produced at high level in anaplastic astrocytoma and glioblastoma. Next, we
found that in the patients with primary glioblastomas, G/G-homozygous by SNP -131C->G in the CHI3L1 promoter,
there is a tendency to decreased CHI3L1 expression. We investigated the influence of the transcription factor p53
on the CHI3L1 production in the U87 cells derived from glioblastoma and showed that the CHI3L1 expression may
be reduced due to the ectopic expression of the TP53, p53 protein activation or by blocking p53 degradation. We
demonstrated that the specific inhibition of histone deacetylase SIRT1 reduced the CHI3L1 expression in U87 cells.
We purified CHI3L1 from MG63 conditioned medium using heparin affinity chromatography and showed that
purified CHI3L1 similarly to known growth factor IGF1, increased the viability of glioblastoma U251 cells after 24
hours incubation. Comparing the structures of two homologous proteins that have different effects on cell
proliferation: CHI3L2 model, obtained by homology modeling, and resolved CHI3L1 structure we showed that
CHI3L1 has two different functional units - the reorganized ligand-binding site and the surface positively charged
motif. Using site-directed mutagenesis we demonstrated that CHI3L1 binds heparin through a cluster of positively
charged amino acids on the protein surface and the presence of heparin-binding site might be responsible for
substrate-independent growth of 293 cells with the ectopic production of CHI3L1. 293 cells, stably transfected
with CHI3L1 that carried mutated heparin-binding site, formed lower number of colonies in semisoft agar as
compared to the cells stably transfected with wild-type CHI3L1. We developed an approach for glioblastoma
subtyping, which consists of the following steps: merge of the gene expression data from different works,
determination of the number of groups in the resulting data set, cluster analysis and verification of results using
the independent method - neural network analysis. Gene expression data could be divided into two large groups,
and expression of 401 genes is significantly different in these two groups. To confirm our findings, we created
Kohonen map, built on the basis of expression of 15 genes with increased expression in the first subtype, and 60 of
401 genes with increased expression in the second subtype, and showed that two glioblastoma subtypes separated
on the map. According to the expression profile of 401 genes selected in this study we identified two subtypes of
glioblastoma, "proliferative” and "proneural” that could display peculiarities of the development of these tumors.



Glioblastoma subtyping based on the gene expression profiles may help in the future to develop individualized
tumor treatment strategies.
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