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AHHOTALMA

Ha ceropHALWHUI feHb KOHLENUMA UMMYHOTEHHOW KNETOYHOM CMepTY NoJpa3yMeBaeT rubesib onyxXoeBbiX KNETOK, KOTO-
pan BefET 3a cob0i aKTMBALMI0 AAaNTUBHOr0 MIMMYHHOr0 0TBETA in Vivo. Takaa cMepTb 0becneynBaeTCA ABYMA KlOYEBbIMY
KOMMOHEHTaMM: aHTUIEHHOCTbIO M afbOBAHTHOCTbI0 YMUPAIOLLMX KNETOK. ALbIOBaHTHOCTb peannsyeTcA Npu UCMyCKaHWK
monekyn DAMPs, KoTopble pacnosHaloTcA peLenTopaMu aHTUreHNPe3eHTUPYIOLLMX OeHAPUTHBIX KneToK ([K) u npusogAt
K ¢aroumTosy u cospeBaHuio [IK. OHW Npe3eHTUPYIOT aHTUreHHbI NOTMUBLLIMX KNETOK Ha CBOEW NMOBEPXHOCTU T-KNeTouHoM
nonynAuMK. AHTUreHHOCTb — 3T0 BO3MOMHOCTb CGOPMMPOBAThL afanTUBHbIA UMMYHUTET NPU BaKLMHALMKU YyMUPaKOLLMMU
KNneTKaMm Ha CNeLMPUYECKU OnyXoneBbIi NaTTePH (aHTUreH).

Ha ceropHAwHui peHb ¢oTogmHammyeckylo Tepanuio (OT) BbigenAwT B KayecTBe OAHOr0 U3 3PQPEKTUBHBIX WH-
LYKTOPOB MMMYHOTEHHOM rnbenn Knetok. B pabote npoBogunu uccneposaHve crnocobHoct OOT ¢ npuMeHeHWeM
TeTpaumaHoTeTpa(apmn)nopPupasmMHOBOro Kpacutena ¢ 9-GpeHaHTPeHWNBHOM Tpynnoi Ha nepudepuy nopprpas1HoBOro
MaKkpoumkna (pz |) B KayecTBe GoToceHcMbUAM3aTopa 3amnyckaTb MMMYHOTEHHYIO KNETOUHYI0 CMEPTb OMyXONEBbIX KIETOK.
PaboTbl NPOBOAMANCH Ha LBYX KNETOYHBIX IMHUAX — MbILUMHHON ¢rbpocapkoMbl MCA205 v MbiwmnHHOM ravomsl GL261.
[Ona doToMHOYKUMM KNETKM 3arpyxanvcb GoToceHcnbunmsatopoM B TeueHWe 4 yacos. [locne atoro cpefa 3aMeHAnach
Ha NOJHYI0, M KNeTKW noaBepranmcb 06ayyeHuio ceetoBor Jo3om 20 [/cM ¢ ucnonb3oBaHWeM CBETOAMOAHOMO UCTOUYHMKA
cseta (A, 615-635 Hm). Bo Bcex nocnepyiowmx pabotax MCMoNb30BanK KNeTKW, MHKYbMpyeMble 24 yaca nocne ¢poTOMH-
LYKLMN.

[na 0benx KNeToUHbIX NMMHMIA bbina NnogobpaHa KoHLEeHTpaumMa gpoToceHcMbunmsaropa, cooteeTcBylowan 85-90% MEpTBbIX
¥ YMUPAIOLLMX KIETOK Yepe3 24 yaca nocnie GOTOMHOYKLMM, YTO ABNIAETCA «30/10TbIM CTAaHAAPTOM» MMMYHOrEHHOMN Kie-
TOYHOW rnbenu.

[na nokasatenbCTBa afblOBAHTHOCTM aHanM3MpoBanu yposeHb Boibpoca AT® n HMGB1 Bo BHeKneTouHylo cpefy. YpoBeHb
AT® Bo BHeKneTo4HO cpefe Yepe3 24 yaca nocne GoTOAMHAMUYECKOr0 BO3AEMCTBMA MHOrOKPATHO NpeBbILLIaN 3Ha4eHUA
3TOr0 noKasaTteniA KOHTPObHOM rpynnbl «4o OOT» anA 06emx KNeTouHbIX MMHUA. AHanoruyHble pesynbTatbl ObiK no-
KasaHbl Npu oLeHKe Bblbpoca HMGB1.

Ha cnegyiowwem atane nccnegoBanu cnocobHocte OT-ybuUTbIX KNETOK MHAYLMPOBATb CTOMKUIA UMMYHHBIN OTBET. MbI-
wen nuHum C57BL/6J eguHopasoBo unu OBawabl C pasHULEN B HeOeNio MMMYHU3MPOBANM YMUPALLMMM KNeTKaMu
¢pubpocapkombl MCA205 mnm ravomel GL261, nogseprwmMca GpoToMHOYKLMK C NpUMeHeHMeM pz |. Yepe3 7 gHel nocne
nocnefHel BakLMHaLMM B NPOTUBOMOJOMKHBIN 60K MbILLaM NMOJKOMHO BBOAMIU HMU3HECNOCOOHbIE KNETKWU OMyX0neBoi
KNETOYHOM NIUHUM.

B cnyyae Mogenu onyxonu dubpocapkoMbl MCA205 K 25 gHio akcnepuMenTa y 90% HMBOTHBIX OTCYTCTBOBAN OMyXONEBbLIN
ouar. B rpynne KoHTponsa «PBS» (Mblwu, nonyuuBLUMe B Ka4ecTBe MMMyHMU3aLMM GU3MONOTMYECKUI pacTBop) Bce nabo-
paToOpHbIE MUBOTHLIE MMENW OMyXoMb K 12 AHI0 HabMIoAeHNA U NOAHOCTbIO nornbnu K 16 gHio. Mpy 3ToM Ha 16 LeHb 3Kc-
nepvMeHTa 06BEM ONyXoner Y KOHTPOLHOW FpynMbl B Ba pa3a npeBbilan 06bEM onyxonen Ha 25 [eHb 3KCNepMMeHTa
B rpynne «pz I».
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B cnyyae MMMyHM3aumm ymupalowMMm Knetkamm ranombl GL261 onyxonesbin ouar B rpynne «pz I» k 30 gHio aKkcnepu-
MeHTa otcytcTBoBan y 90% nabopaTopHbIX MBOTHbIX, @ 06BEM NPUBMBAEMOW OMYXONMW Y PYNMbl UMMYHWU3UPOBAHHBIX
OLT-ybuTbIMM KneTkamm bbin B 10 pa3 MeHblue 06bEMa 0MyXo/n B KOHTPOJIbHOM rpynne «PBS».

[nA oueHKM ponu apanTMBHOMO MMMYHUTETA B peanus3auuu npotvBoonyxonieBoro 3ddexta ymupatowmx OLOT-
MHOYLMPOBaHHbIX KNETOK bbina NpoBeAeHa UMMYHM3aLmMA 6eCTUMYCHbIX Mbllel uHun Nude. [IMHaMuKa nossnexua ony-
X0NeBbIX 04aroB U UX pa3Mepbl BbINK CXOKUMU M ANA IKCNEPUMEHTANBHBIX, U ANA KOHTPOJbHBIX rpynn. TakuM obpasom
6bIn0 NOKa3aHo, 4To T-KNETOYHOE 3BEHO KPUTMYECKM BaKHO ANA GOpMUPOBaHUA NPOTMBOOMYXONIEBOr0 OTBETA B 3TOW MO-
LeNu, TO eCTb HEBO3MOMHOCTb T-K/ETOYHbIX MONYAALUMA B Y4acTUM afanTUBHBIX UMMYHHbIX PeaKLMi NPUBOAWT K pas-
BWTMIO NaTONOrMYECKOro NpoLecca Aawe npy CTUMYNMPOBaHUM MMMyHUTeTa. [lpoBefeHMe BaKUMHaUMM GOTOMHAYLMPO-
BaHHbIMK KneTkammn ¢ubpocapkoMbl MCA205 nmmyHogeduunTHBIX Mblwei nnHuy Nude noatBepamno 3HauMMbIA BKNaa
afanTUBHOW MMMYHHOW CUCTEMbI B peanun3alum npoTMBOONYXO0NIeBOro 0TBETA.

KnioueBble cnoBa: MMMyHoreHHasa KnetovHasa cMepTb; DAMPs; doToauHamMuyeckas Tepanus.
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ABSTRACT

The concept of immunogenic cell death involves the death of tumor cells, leading to the activation of an adaptive
immune response in vivo. Such death relies on two significant components: antigenicity and adjuvance of dying cells. The
emission of DAMPs achieves adjuvance, which is recognized by antigen-presenting dendritic cell (DC) receptors, resulting
in phagocytosis and DC maturation. These cells present antigens of dead cells on their surface to the T-cell population.
Antigenicity provides an opportunity to develop adaptive immunity through vaccination with decaying cells targeting
a particular tumor pattern (antigen).

Currently, photodynamic therapy (PDT) is recognized as an efficient inducer of immunogenic cell death. In this study, we
examined the effectiveness of photodynamic therapy (PDT) using tetracyanotetra(aryl)porphyrazine with a 9-phenanthrenyl
group on the periphery of the porphyrazine macrocycle (pz 1) as a photosensitizer for inducing immunogenic cell death in
tumor cells. The study was conducted on two cell lines: mouse fibrosarcoma MCA205 and mouse glioma GL261.

For photoinduction, cells were loaded with a photosensitizer for four hours. The medium was then replaced with full
medium, and the cells were irradiated with a 20 J/cm light dose using an LED light source with an excitation wavelength
of 615-635 nm. In all subsequent experiments, cells incubated for 24 hours after photoinduction were used.

A photosensitizer concentration corresponding to 85-90% of dead and dying cells 24 hours after photoinduction was chosen
for both cell lines, as it is considered the standard for immunogenic cell death.

The study analyzed the levels of ATP and HMGB1 that were released into the extracellular medium to confirm adjuvanticity.
After photodynamic exposure, the level of ATP in the supernatant 24 hours later was significantly higher than the baseline
values in the control group prior to PDT for both cell lines. Similar findings were observed for HMGB1 release.

The study aimed to investigate the potential of PDT-killed cells in inducing a persistent immune response. Dying cells
of fibrosarcoma MCA205 or GL261 glioma underwent photoinduction using pz | and were used to immunize C57BL/6J mice
once or twice a week. After seven days from the last vaccination, viable tumor cells were subcutaneously injected into
the opposite side of the mice for observation.

In the MCA205 fibrosarcoma tumor model, 90% of the animals were tumor-free on day 25 of the experiment. In the control
group PBS (which comprised mice that received saline solution as immunization), all of the laboratory animals had a tumor
by day 12 of observation, and died by day 16. Additionally, on day 16 of the experiment, the volume of tumors in the control
group was double the volume of tumors on day 25 of the experiment in the pz | group.

When experimenting with immunization using dying GL261 glioma cells, the pz | group showed an absence of tumor focus
in 90% of laboratory animals by day 30. Furthermore, the tumor volume in the group that was immunized with PDT-killed
cells was 10 times less compared to the tumor volume of the control group PBS.

Immunization of the Nude strain of bestimus condyles was conducted to evaluate the contribution of adaptive immunity
to the manifestation of the antitumor effects of dying cells induced through photodynamic therapy (PDT). Tumor foci
appeared and developed similarly in both the experimental and control groups, indicating no significant impact from
immunization. Thus, the study demonstrated the critical importance of the T-cell connection in eliciting an effective anti-
tumor response. The evidence indicated that if T-cell populations cannot participate in adaptive immune responses, even
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when immunity is stimulated, a pathological process can develop. Vaccination using photoinduced MCA205 fibrosarcoma
cells in immunodeficient Nude mice verified the noteworthy role of the adaptive immune system in executing the antitumor
response.
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