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AHHOTALMA

MMo6bnacToMbl — CONMAHbIE OMYXO/M FONIOBHOMO MO3ra, TAMENO0 NOAAAIoLLIMecs TPAAMLMOHHBIM MeToaM NeYeHUs: Xu-
PYPruyecKkomn peseKuum, ny4eBoii Tepanum U xuMmuotepanuu. OHM He rapaHTMPYIOT NOSTHOTO M3MIEYEHWA OT OHKONATONOr MK
W UMEIT MHOXKEeCTBO NMobouHbIx 3dderToB. Temosonomug (TM3) — eaWHCTBEHHBIM XMMMOTEpaneBTMYECKUIA Npenapar,
0[106peHHbIV ANA NeYeHns NepBor NMHUKU. Ero npuMeHeHMe yBenMUMBaeT MeaumaHy obLue BblxmBaeMoctu ¢ 15 oo 17 me-
cALeB. MIHHOBaLMOHHbIe pa3paboTKy He NoKa3biBalT IQPEKTUBHOCTM B LUMPOKOM KIMHUYECKOW NPaKTUKE, Y4TO 06BACHAET-
CA reTeporeHHOCTbI0 FINOM U UX UMMYHOCYMPECUBHBIM MUKPOOKPYHKEHUEM.

KoHuenunAa mMMyHoreHHoi knetouHoi cmeptv (ICD) noppasyMeBaeT aKTWMBaLMIO MMMYHHOTO OTBETA, HarpaBfieHHOro
Ha MaNMrHU3MPOBaHHbIE KNETKM, KaK pe3ynbTaT UCMYCKaHUA MEPTBLIMU/YMUPAIOLLMMI KNETKaMU MOJIEKYNT — MaTTepPHOB,
accoummpoBaHHbIX ¢ nosperkaeHnem (DAMPS), cnocobHbIX aKTMBMPOBATb NPOTUBOOMYXONEBLIN UMMYHHBIN 0TBET. OfHUM
13 MeTo[10B, CNocobHbIX Bbi3BaTh ICD, ABnsAeTcA GoToguHammyeckan Tepanua (OIT).

BHeOpeHve NpUHLMNOB MMMYHOrEHHOW KNETOYHOM CMEpPTU B MMMYHOTEpanuio rINOMbl NO3BOJIMT 3amyckaTb cneumduye-
CKMEe UMMYHHble peaKLum NpoTUB reTeporeHHoi onyxonu. 0QHUMM M3 TUNOB MMMYHOTepanum B KoHTeKcTe ICD MoxKeT cTaTh
LEHOPUTHOKNIETOYHAA BaKLMHALMA.

Llenb paborbl. OueHKka 3QGEKTUBHOCTM BaKLUMHALMM MbILUEN Ha OCHOBE MMMYHOTEHHO-YOUTbIX (GOTOMHAYLIMPOBAHHBIX
KNeToK rnnombl GL261 1 geHOpUTHOKNETOYHOM BaKLUMHbI B OPTOTONMYECKOWM MOAENM in Vivo B MPOGUIIAKTUUECKOM pPeruMe.
KnetouHaa nuHuA rnuvombl (GL261) KynbTmBMpyeTcA B monHon nutatenbHoi cpege RPMI (10% cbiBopoTKM KpoBw,
L-rniotaMuH, nenmumnnmnid 1%, ctpentomuumt 1%) B CO,-nHKybaTope. [na poToamMHaMmUyecKoro Bo3[eNCTBMA UCMOMb3Y-
toTcA doToCEHCMBMNM3ATOPLI U3 FpynMbl TeTpa(apun)TeTpaLmaHonoppupasHoB ¢ 9-¢peHaHTPEHUNIOM B KayecTBe HOKOBOrO
3amectutens (pz 1) u ¢ 4-(4-dpTopbeHsnoKeu)deHnnom B Kadectse 6okoBoro 3amectutena (pz lil). KnetouHas nuHua GL261
WHKybKpyeTCA B 6eCCbIBOPOTOMHOM pacTBope BbibpaHHOro nopdupasuHa B TeyeHue 4 4acoB, 3aTeM nuTaTenbHaA cpeaa
3aMeHAETCA Ha MOJHYI0, KIIETKM MoaBepraloTcA GoToAMHaMMYEecKoil akTBaumm B gose 20 [x/cM? 1 fanee MHKy6MpyloTCA
24 vaca B C0,-nHKybaTope.

MMMyHM3aumA MblLLe NpeanoniaraeT NoAKOKHOE BBeJEHNE NU3aTOB POTOMHOYLMPOBaAHHbIX KNETOK rnoMbl GL261 aBa-
Obl, C pasHuue BBeaeHusa 7 gHel. Cnycta Hedenio nocie nocnefHen UMMYHU3aLMU HU3HECTIOCOBHBIE KNETKM FIMOMbI
GL261 BBOZATCA B rOIOBHOM MO3I Ha CTPEOTAKCMYECKOM YCTaHOBKe Mo BbibpaHHbLIM KoopauHaTtaM. B TeueHue 25 gHel npo-
BOAWTCA U3MepeHMe HeBPONIOrMYECKOro CTaTyca MUBOTHBIX, Ha 23 JeHb MPOBOAMTCA BU3yanu3auWA OMyXoeBoro ovara
npy nomowm MPT. BeirkmBaeMocTb akcnepumeHTanbHbix rpynn coctasuna 100% («pz Il») unn 3HaumTtensHo npesbiana
(«pz 1») BbI*KMBAEMOCTb B KOHTPOMBHBIX FPynnax, HEBPONOrMYeCKan CUMMTOMaTKKa nbo He nposasnAnack («pz lll»), nmbo
Bbifia 3HAUUTENIBHO HUMKE («pZ |»), HEXKENM B KOHTPObHBIX IPyNMax HMUBOTHBIX.

CrnepnyiolumM 3TanoM paboTbl cTano co3faHue OEHAPUTHOKIETOMHOM BaKLUMHbI HA OCHOBE (OTOMHOYLIMPOBAHHLIX KNETOK
rnvombl GL261. CTBOMOBbIE KNETKM KPAacHOrO KOCTHOMO MO3ra BbIAENsoTCs M3 6eapeHHbIX M 6epLoBbIX KOCTEH MblLeit
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C57BL/6J v pnuddepeHumpytotca B Teuenue 9 nHen B cpege RPMI ¢ gobasneqneM 5% aMbproHanbHOM Gbluen CbiBOPOT-
Ku, 20 Hr/mn GM-CSF, 1% L-rnytamuHa, 1 MM nupyBata Hatpusa, 50 MkM B-MepKanToaTaHona, 100 en/mMn neHMUmMNnKHS,
100 MKr/n cTpenToMuumHa. KynbTypanbHas cpeaa 0bHoBRAeTCA Ha 3 M 6 AHW. B cobpaHHbIX KNETOUHbIX IM3aTax NpoBOAMT-
Al U3MepeHune ypoBHA benka. K cycneHavm OeHOPUTHBIX KNETOK fobaBnAeTca 2 Mr npoTenHa, cnycta 90 MuHYT nobaena-
etca 0,5 MKr/Mn nunononucaxapuaa Ha 24 vaca. [IByxkpaTtHas MMMYHU3aLMA HUBOTHBIX JEHAPUTHOKIETOUHON BaKLMHOM
NPOBOAMTCA BHYTPMOPIOLIMHHO C pa3HuLien BBeAeHWA B 7 Hen. CnycTa Hefenio nocne nocnefHe UMMyHU3aLMM Ha CTe-
PeO0TaKCUYECKOI YCTaHOBKe MHTPaKpaHWanbHO BBOLATCA HKMU3HECNOCObHbIe KneTku GL261. B TedeHue 25 fHeit namepseTcs
HEBPOIOMMYECKUI CTaTYC MBOTHBIX, HA 23 [eHb 41A BU3Yanu3aLmny 1 OLEHKM 0myxoneBoro oyara nposogutcAa MPT. Boi-
¥KMBAEMOCTb HUBOTHbIX B IKCMEPUMEHTASbHBIX FPyNnax He MMesia 3HaUMMbIX OT/IVYMIA OT BbIXMBAEMOCTU B KOHTPOJIbHBIX
rpynnax, 0HaKo NpOABJIEHWA HEBPONOrMYECKON CUMNTOMATMKM B OMbITHBIX Ipynnax bbiy 3HAUMTENIbHO MeHbLLE, OMyX0-
JIEBbIV 04ar BU3YanM3MpoBaCA B MeHbLUEN CTEMEHN U HE UMEJT Y4aCTKOB HEKpO3a.

KnioueBble cioBa: MMMYyHOreHHasA KNeTo4YHas cMepTb; GOTOAMHAMMUYECKas Tepanusa; UMMYHOTepanus; rMoMa; rmuo-
6nactoma.
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ABSTRACT

Glioblastomas are solid tumors in the brain that pose a challenge for traditional treatments like surgery, radiation therapy,
and chemotherapy. Complete cures are not guaranteed, and these treatments cause numerous side effects. First-line
treatment approval has only been granted to Temozolomide (TMZ), the sole chemotherapy drug available. Using TMZ
increases the median overall survival from 15 to 17 months. In general clinical practice, innovative interventions have not
demonstrated efficacy due to glioma heterogeneity and their immunosuppressive microenvironment.

Immunogenic cell death (ICD) activates an immune response against cancer cells by emitting damage-associated molecular
patterns (DAMPs) upon cell death/dying. The DAMPs activate an anti-tumor immune response. Photodynamic therapy (PDT)
can induce ICD.

Integrating the principles of immunogenic cell death into glioma immunotherapy could elicit a targeted immune response
against the diverse tumor. Vaccination with dendritic cells represents a promising approach for immunotherapy.

The goals of this research are to evaluate the efficacy of a prophylactic vaccine using immunogenically-photoinduced glioma
GL261 cells and a dendritic cell vaccine in an orthotopic in vivo model.

The glioma cell line (GL261) is cultured in RPMI medium supplemented with 10% serum, L-glutamine, 1% penicillin,
and 1% streptomycin in a CO, incubator. Photodynamic treatment involves using photosensitizers from the tetra(aryl)
tetracyanoporphyrazine group with 9-phenanthrenyl (pz I) or 4-(4-fluorobenzyloxy)phenyl (pz Ill) as side substituents. The
GL261 cell line is incubated in a serum-free solution containing a selected porphyrazine for four hours. Subsequently,
the solution is exchanged with complete medium and the cells are activated through photodynamic treatment at a dose
of 20 J/cm?. The cells are then further incubated for 24 hours in a CO, incubator.

Immunizing mice includes subcutaneously injecting photoinduced GL261 glioma cell lysates twice with a 7-day interval.
One week after the final immunization, viable GL261 glioma cells are injected into the brain using a stereotaxis frame.
Measuring the neurological status of the animals occurs for 25 days, and tumor localization and volume are detected on
day 23 by MRI. The survival rate of the experimental groups was 100% (pz Ill) or significantly higher (pz 1) than that of the
control groups. Additionally, neurological symptoms were either not identified (pz Ill) or were significantly lower (pz I)
compared to the control animal groups experienced.

The dendritic cell vaccine was based on photoinduced GL261 glioma cells. The femur and tibia bones of C57BL/6J mice were
used and differentiated for 9 days in RPMI medium to isolate bone marrow stem cells. The medium was supplemented with
5% fetal bovine serum, 20 ng/ml GM-CSF, 1% L-glutamine, TmM sodium pyruvate, 50 uM B-mercaptoethanol, 100 units/ml
penicillin, and 100 pg/L streptomycin. The culture medium was renewed on days 3 and 6 to maintain stability. Protein
levels are quantified in cell lysates collected. 2 mg of protein is added to a dendritic cell suspension, and after 90 minutes,
0.5 pg/ml lipopolysaccharide is added for 24 hours. Intraperitoneal dendritic cell vaccine immunization on animals is
conducted, with injections 7 days apart. One week post-last immunization, viable GL261 cells are intracranially injected
via a stereotactic frame. The neurological status of the animals was monitored for 25 days, and an MRI was conducted on
day 23 to evaluate the brain tumor. The survival rate of animals in the experimental groups did not significantly differ from
those in the control groups. However, the experimental groups exhibited significantly lower neurological symptoms, and
the tumor was visualized without any areas of necrosis, with a smaller volume.
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