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Kk NK-kierkaM, 4TO IPUBOINUT K aKTUBALIUU ITUTO-
TOKCHYECKHUX peaKIIii, HallpaBJICHHBIX HA YHUYTO-
JKeHHEe TPaHC(OPMHUPOBAHHEIX KJIETOK M TEM CaMbIM
3aMeTHO caepxkuBaeT pocT omryxonu (Friese et al.,
2003). Ycunenue skcnpeccun MICA v MICB 6bu10
BBISIBJICHO B IIOTOMKAX pallOpPEe3NUCTEHTHBIX KIETOK
nuHuu T98G.

OO011as reTeporeHHOCTD IIM001aCTOM BhIpaXkaeT-
csI, B TOM 9HCJIe B MHINBHUIYAILHOM OTBETE KaxKIoit
JIMHUY Ha TepalleBTUIECKIE BO3ICUCTBUS, YTO 3HAYM -
TEJIHLHO 3aTPyIHSIET BEIOOP CTpaTeTUH JICUCHMS Tallk-
€HTOB ¢ JaHHBIM 3a00JeBaHeM. Hanbonblmii BKias
B BbDKMBAHME KJIETOK IIMOO1aCTOM MOCJIe O0TyYeHUS
BHOCSIT Pagope3UCTeHTHBIC KJIeTKH. [lomyueHHEBIe
HaMHM pagrope3nCTeHTHBIE KJIETKU TJIM00IaCTOM Jie-
MOHCTPHMPOBAJI MHAVBUAYAJIBHBIN OTBET Ha 00JTyde-
HMe Ha raMMa-Hoxe. {11 pe3uCTeHTHBIX K 00Iy4eHIIO
KJIeTOK JIMHUM A172 ObLITO XapaKTepHO 3HAYUTEIbLHOE
yCUJIEHUE CKOPOCTH TTpordepalii 110 CpaBHEHHUIO
C MHTaKTHLIMHU KJIeTKamMu. B To e BpeMsI 3Ta TUHUS
SIBJIsLIaCh HanboJiee paTioYyBCTBUTETBLHOM.

IToToMKM pamrope3CTeHTHHIX KJIeTOK JIMHNM R 1
JTeMOHCTPUPOBAJIM ycuieHue akcnpeccuu MGMT
U PD-L2, a UHTaKTHBIE KJIETKU 3TOM JTUHUU AEMOH-
CTPUPOBAJIN KpaliHe BHICOKUIA YPOBEHbD BKCIIpeC-
CHU TeHOB MHTEPJICHKNHOB, KOTOPKIN COXpaHSICI
U nociie ooaydyeHUs. CKOpoCTh Mpoaudepanuu
MOTOMKOB PE3UCTEHTHBIX K O0JIYIeHUIO KIIETOK
JuHuM T2 cylliecTBEeHHO 3aMelisiiach Mo CpaBHe-
HUIO C MHTAKTHBIMHY KJIETKAMH, OJHAKO UMEHHO
B 3THUX KJIETKaX IIPOMCXOAUIIO YCUIEHE aKTUBHOCTH
psila TeHOB, CBSI3aHHBIX C POTrpeccueit ONmyXou,
ocobeHHO MM P-2 n untepaeiitkuHoB. HakoHerlr,
B KJIeTKax HauboJiee paauope3CTEeHTHOM JUHUU
T98G mociie 001yyeHUS YyCUIUBAJICS YPOBEHD 3KC-
IPECCUU JTUTAHIOB KOHTPOJUPYEMOM KIETOUHOM
cmepTtd 1 MIC-6enKoB.

ITosryyeHHBIE JAHHBIE MOTYT CIIOCOOCTBOBATh JIy4-
1IeMy IIOHUMaHUIO TeTePOreHHOCTHU IIIM00J1aCTOM
U pa3paboTke 6oJiee 3(h(HEeKTUBHOTO JIeUeHUST JAaHHOTO
3a00JIeBaHUSI.

OUHAHCHUPOBAHUE PABOThI

PabGota BrinonHeHa B pamKax roc3agaHust Poccuii-
CKOI'0 HayYHOTO LIEHTPA PaIrOIOTUN ¥ XUPYPTUISCKIX
TexHojoruit nM. akan. A. M. I'parosa (Cankr-Ile-
TepOypr) 1Mo Teme «M3ydeHne pe3arucTeHTHBIX OITy-
XOJIEBBIX KJIETOK Ha KYJIbTypax IJIM00JIacTOM IIpU
MOJIEIMPOBAHUY CTEPEOTAKCUUECKON paTuoXupypruu
PeLMIVBUPYIOIIEH IJTMO0IaCTOMBI».
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PROPERTIES OF A172, R1, T2, AND T98G GLIOBLASTOMA CELLS’
DESCENDANTS SURVIVING AFTER GAMMA KNIFE IRRADIATION

A. Pinevich® % *, 1. Yu. Krutetskaya?, N.L. Vartanyan?, A.Yu. Stolbovaya“, S.V. Solovieva?®,
A.V. Kartashev?, L.N. Kiseleva?, M. P. Samoilovich® ®

@ Granov Russian Research Center for Radiology and Surgical Technologies, St. Petersburg, 197758, Russia
b Saint Petersburg State University, Cytology and Histology Department, Saint Petersburg, 199034, Russia
*e-mail: agniapinevich@gmail.com

Objectives: A key problem in the treatment of patients with glioblastomas is the development of recurrences
formed by the descendants of resistant cells that survive after radio and/or chemotherapy. Gamma Knife
allows a single high-dose tumor irradiation, which reduces the probability of formation of resistant cells
due to long-term radiation therapy with fractionated irradiation, but does not exclude the preservation of
single initially resistant cells. The aim of the work was to obtain and study the properties of radioresistant
descendants of human A172, R1, T2, and T98G glioblastoma cells, which resumed proliferation after Gamma
Knife irradiation. Materials and methods: To conduct the study, a device was developed for fixing and
positioning cell cultures under precision irradiation. Results and discussion: The radiation doses, after which
single highly resistant cells resumed proliferation, were 9 Gy (A172), 10 Gy (R1), 11 Gy (T2), and 14 Gy
(T98G). The resumption of stable proliferation of descendants of radioresistant cells occurred 14—28 days
after irradiation, which is twice as long as the generally accepted time for assessing the viability of tumor cells
after irradiation. The CFU number was of the same order and remained unchanged for all glioblastoma lines
in a wide range of doses starting from medial lethal radiation doses. A search was conducted for potential
molecular biomarkers for glioblastoma therapy. It was shown that the genes encoding interleukins IL-6 and
IL-8 had potential prognostic significance, while the prognostic value of the expression of MGMT, VEGF,
HGF, TNC, THBS1, ASAHI1, FAP, MMP2, PD-L1, and PD-L2 seemed ambiguous, since the radioresistant
cells of the studied glioblastoma lines demonstrated individual response to Gamma Knife radiation, regardless
of their radio sensitivity. Conclusion: The results obtained contribute to the understanding of glioblastoma
heterogeneity and to a more effective development of treatment protocols.

Keywords: glioblastoma, A172, R1, T2, T98G, irradiation, Gamma Knife, radioresistant cells, CFU, IL-6,
IL-8
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