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AHHOTALMA

NMMyHoTepanuA cTana He3aBMCKUMOW 1 3QdEKTUBHOWM NPOTMBOOMNYXONEBOM CTpaTernei HapAgdy C XUpypruew, y4yeBom Te-
panuen u xumuotepanment [1]. IMMyHoreHHas rubenb Knetok (ICD) bbina npusHaHa pelaowmM ¢paKkTopoM, onpesensio-
MM 3¢ PeKTMBHOCTL Tepanuu paka [2]. KoHuenuus ICD coveTaeT cnocobHOCTb 3QGEKTUBHO YHUUTOMKATb PaKOBbIE KNETKM
C aKTMBaLMeN MMMYHHOIO 0TBETA, CNeLMAUYHOr0 ANA PaKOBbIX KNETOK M NPMBOAALLENO K CUIBHOMY U OJIUTENbHOMY Mpo-
TMBOPaKOBOMY MMMYHMTETY. AreHTbl, MHOyumpyiowme ICD, BbI3bIBAIOT aKTMBALMIO ONACHOr0 MyTW, BKMIOYAIOLLEro BbIbpoc
MenuatopoB ICD, M3BECTHbIX KaK MONEKYNAPHbIE NaTTepHbI, CBA3aHHbIE ¢ nosperaeHueM (DAMPs). DAMPs coctaBnsioT
CEMEMNCTBO 3HAOMEHHBIX MOJIEKY, KOTOpbIE NPMOGPETANT UMMYHOCTUMYMPYIOLLME CBOMCTBA NPW BO3AEMCTBUM HA BHELU-
HIOI0 KNETOYHylo MeMbpaHy MM Npu BbICBOGOXKOEHNM BO BHEKNETOUHBIN MAaTPUKC OMNpefenéHHbIM NpoCcTPaHCTBEHHO-Bpe-
MeHHbIM 06pa3oM. OHu BKntovaloT AT, aaepHbii 6enok HMGB1, kanbpeTtukynut (CRT) 1 npoBocnanmTenbHble LUTOKMHI,
TaKue Kak uHtepdeponsl Tvna | (IFN) [3].

MepBoHavanbHo KoHuenumaA ICD bbina onucaHa AnA pakoBbIX KNETOK, MOLBEPraloLLIMXCA anonTo3y, HO OHa bbina paclum-
peHa W [OMOJHEHa APYrMMU TUMaMW KNETOYHOM CMEPTH, TaKMMW Kak HEKpomnTo3, NMpponTo3, GepponTos, HeTo3 W Ap.
[4]. ®epponTo3 — 3TO perynupyeMasn ene3o3aBucuMan GopMa KNETOUYHOW CMEPTM, XapaKTepu3yIoLLAACcA HaKoMIeHUeM
aKTMBHBIX GOPM KMC0poa B KNETKe.

B 3ToM mccnepoBaHUM Mbl OLEHMIM UMMYHOTEHHOCTL GEPPONTOTUYECKMX PaKOBbIX KNETOK in Vitro U NpoBepUiM Ux no-
TEHLMan B Ka4yeCTBe aNbTepHaTUBHOMO NOAX0AA K MMMYHOTEpanum pakKa.

CmepTb KneToK rnvomsl GL261 u ¢ubpocapkoMbl MCA205 6bina Bhi3BaHa C MCMONb30BaHWEM OJHOMO M3 XOPOLLO M3Y4eH-
HbIX MHAyKTOpoB (epponTo3a RSL3 (RAS-Selective Lethal 3). Yepes 24 yaca nocne ctumynaumm RSL3 80% kneTok GL261
1 90% Knetok MCA205 6binm ABaMObl NONOMMTENBHBIMU NPU OKpaLWIMBaHUM aHHeKcuHoM V/Sytox Blue u Haxoaunuch
Ha no3pgHew ctagum pepponTo3a. Yepes 3 yaca nocne ctumynAumm RSL3 50% knetok GL261 v 45% knetok MCA205 6binu
ABa[bl MONOMUTENBHBIMM NPY OKPaLLMBaHUM aHHeKcuHOM V/Sytox Blue. Mbl oLeHUIM MMMYHOTeHHbIE XapaKTepUCTUKM
PaHHMX W NO3AHUX GEeppPONTOTUYECKMUX KNETOK in vitro (To ecTb Yepe3 3 unm 24 yaca nocne ctumynaumm RSL3). [inA atoro
Mbl CpaBHUAKM deHOTUN OeHAPUTHBIX Knetok (BMDC), nomsepriumxca Bo3OeMCTBMIO NO3AHMX $epponTOTUYECKMX KNETOK,
¢ BMDC, nopBepriumxca Bo3[eiCTBUIO HIU3HECTIOCOOHBIX PAKOBLIX KNETOK. B KauecTBe NONOMKMTENIBHOMO KOHTPOMA Mbl WH-
[yuMpoBanM UMMYyHOTeHHbIM anonTo3, obpabaTbiBad Knetku MTX, B KauecTBe BTOPOro MOJIOMUTENBHOIO KOHTPOMA WUC-
nonb3oBanca LPS. Mo3gHue dpeppontoTnyeckue Knetkn MCA 205 He nHayumpoBanu geHoTunmnyeckoro cospesalna BMDC,
Ha YTO yKa3blBaeT OTCYTCTBME MOBEPXHOCTHOM aKTMBaLMKM KocTumynupytolmx Monekyn CD86, CD80 n MHCII. PanHue dep-
PONTOTMYECKME KNETKM FnoMbl GL261 nHayumMpoBany MeHee BbpaxKeHHbIN GeHOTMMNUYECKMIA OTBET N0 CPABHEHMIO C KNeT-
Kamm MCA205. TeM He MeHee HabnlAanoCh YMeHbLUEHWE CMOCOOHOCTM K aKTMBALMKM OeHOPUTHBIX KNETOK ANA NO34HUX
(GepponTOTUYECKUX KNETOK, AA FMOMbI TOMKE.

Yrobbl NpoBeEpUTL CNOCOBHOCTb PaHHUX (EPPONTOTUHECKMX PAKOBBIX KNETOK aKTUBMPOBATb afanTUBHYI0 MMMYHHYIO CUCTe-
My, Mbl BOCMO/b30BaNNCh OBLLENPUHATON MoLeNbio NPOGUNAKTUYECKON BaKLMHALMM OMYXON Y UMMYHOKOMMETEHTHBIX
Mblwen C57BL/6 J. Mbl uMMyHM3mpoBanu Mbiwew C57BL/6 J kneTkammu MCA205 ¢ paHHUM MAM NO3JHWUM GepponTo3oM.
B kauecTBe oTpuLATENBHOMO KOHTPONA Mbl Ucnonb3oBany PBS nnu Knetku, nogBeprHyTble CNOHTaHHOMY HEKpo3y. 3aTeM
MMMYHM3MPOBaHHbIX MbILLEW 3apaxany M3HecnocobHbIMK onyxoneBbiMK KneTkamm MCA205. 3awwmta ot pocTa onyxonu
B MECTe 3apayKeHWUs MHTEpNpeTUPOBaach Kak NpU3HaK YCMELLHOro 3anycKa afanTMBHOW MMMYHHOM cUCTEMbI. Mbilumn, UM-
MYHM3MpOBaHHble KneTkamm MCA205 ¢ no3gHuM depponTo3oM (MHOyKumMA RSL3 B TeueHMe 24 YacoB), 0CTaBaNMCh 3HaUM-
TeNbHO MeHee CBOBOJHBIMU OT OMyXONer B MECTE 3aparKeHMUA, YTO YKa3bIBAET Ha TO, YTO KNETKM C N034HUM $epponTo3oM
He ABAIOTCA MMMYHOreHHLIMY in Vivo, NOATBEPHKAAN HalM NepBOHaYanbHble HabnoaeHus in vitro.
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ABSTRACT

Immunotherapy is a proven and effective anti-tumor strategy, which can be used alongside surgery, radiation therapy,
and chemotherapy [1]. Immunogenic cell death (ICD) was identified as a critical factor determining the effectiveness
of cancer treatment [2]. The concept of ICD combines the capacity to destroy cancer cells effectively, with the activation
of a cancer cell-specific immune response, leading to potent and long-lasting anti-cancer immunity. ICD-inducing
agents activate a perilous pathway that triggers the release of ICD mediators called damage-associated molecular
patterns (DAMPs). DAMPs encompass a group of naturally occurring molecules that gain immunostimulatory qualities
upon exposure to the outer cell membrane or when liberated into the extracellular matrix in a specific spatiotemporal
fashion. ATP, the nuclear protein HMGB1, calreticulin (CRT), and type | interferons (IFNs) are among the identified
factors [8].

The concept of ICD was initially described for cancer cells undergoing apoptosis, but it was expanded to encompass
additional forms of cell death, such as necroptosis, pyrroptosis, ferroptosis, nontosis, etc. [11]. Ferroptosis is a regulated
iron-dependent type of cell death that is characterized by the buildup of reactive oxygen species in the cell.

In this study, the immunogenicity of ferroptotic cancer cells in vitro was assessed and their potential as an alternative
approach to cancer immunotherapy was tested.

Glioma GL261 and fibrosarcoma MCA205 cells were induced with one of the well-known inducers of ferroptosis, RSL3
(RAS-Selective Lethal 3). After 24 hours of RSL3 stimulation, 80% of GL261 cells and 90% of MCA205 cells showed positivity
to Annexin V/Sytox Blue, indicating they were in the late stage of ferroptosis. Similarly, after 3 hours of RSL3 stimulation,
50% of GL261 cells and 45% of MCA205 cells were double positive with Annexin V/Sytox Blue indicating their late-stage
ferroptotic state. We evaluated the immunogenic features of early and late ferroptotic cells in vitro, specifically at 3 or
24 hours after RSL3 stimulation. To achieve this, we compared the phenotype of dendritic cells (BMDCs) exposed to late
ferroptotic cells with BMDCs exposed to viable cancer cells. Furthermore, immunogenic apoptosis was induced with MTX
as a positive control and LPS as a secondary positive control. Late ferroptotic MCA 205 cells surprisingly did not induce
phenotypic BMDC maturation, as indicated by the lack of surface activation of costimulatory molecules CD86, CD80, and
MHCIL. In contrast, a less pronounced phenotypic response compared to MCA205 cells was induced by early ferroptotic
glioma GL261 cells. Nonetheless, a decrease in the ability to activate dendritic cells was observed for late ferroptotic glioma
cells as well.

The study used the standard tumor prophylactic vaccination model on immunocompetent C57BL/6 J mice to assess
the adaptive immune system activation by early ferroptotic cancer cells. Mice were immunized with early or late
ferroptosis MCA205 cells. As a negative control, we used PBS or cells that underwent spontaneous necrosis. The mice
that were immunized were later confronted with viable MCA205 tumor cells. Protection against tumor growth at the site
of infection was deemed indicative of successful activation of the adaptive immune system. Remarkably, mice that
received immunization with late ferroptotic MCA205 cells, induced with RSL3 for 24 hours, exhibited conspicuous tumor
growth at the infection site, signifying that late ferroptotic cells are not immunogenic in vivo, as per our preliminary
observations in vitro.
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