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3a 1ii porosbymxeHoro gynepeny C60

2. Production of reactive oxygen species and changing of free cytosolic Ca2+ concentration in transformed T-cells
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Pedepar:

1. IncepTaliiio pUCBsIYEHO JOCIIKEHHIO TPOIyKYBaHHS akTUBHUX GopM KucHIO (AQK) Ta NOKa3HUKIB KaJbllieBOro
rOMEeOCTa3y y KJIiTUHax 3 HOPMaJbHUM (TUMOLMTH Iypa JIiHii Bicrap) Ta TpaHCPOpPMOBaHUM (JI€HIKEMiUHi KIITUHU
qinin MT-4, L1210, Jurkat) reHoMoM 3a [iii TpefcTaBHYKA ByIJlelleBUX HAHOCTPYKTYp dynepena C60 Ta 3a yMOBHU
iioro ¢poTo30yIKeHHs. BusBneHno BigMiHHOCTI y MeMb6paHOTponHUX edekrax Pynepeny C60 y KiiTuHaX
IOCTiIKyBaHUX TUIB. Y TUMonuTax ¢ysnepeH C60 (5*10-5 M) npurHidyBaB akTUBHICTb eKTO-ATPazu y
IJ1Ia3MaTUYHINA MeMOpaHi i He BIMBaB Ha Ca2+ -npoHUKHiCT MeMOpanu EINP, Topi sx y knitTnHax MT-4 He BIyiMBaB
eKkro-ATPa3Hy akTUBHICTb, ajie nocuioBas Buxig Ca2+ 3 EITP. Edextu ¢poTo3bymkeHoro dpynepena C60 6yio
OLIiHEHO y KJIITUHAX, [IPeiHKyO0BaHUX yIIpo#oBx lrox 3 10-5M C60 Ta onpomMiHeHuX y fianasoHi 320-600 HM.



BusiBlI€HO 3HVDKEHHS XKUTTE3ATHOCTI JIeKeMivHUX KliTH L1210 Ta Jurkat, 3 BUKopucTanHsaMm (1yopecLieHTHUX
3oHiB DCF Ta iHf0-1 npopeMoHCTpoBaHo iHTeHcudikanio npoaykysanHs AQK Ta TpuBase migBUIIeHHS
KOHILIeHTpauii nuTo3osbHoro Ca2+ y nuHamiui nicsst GpoTto3oymxkeHHs pynepena C60. Y THMOLUTAX TaKUX €(PEKTiB
BUSBJIEHO He Oyi10. [lokazaHo, o cucTema NifTPMMaHHS KaJlbllieBOrO TOMEOCTa3y y JIeMKeMi4HMUX KiliThHax L1210
ta Jurkat € pemo1y/1IbOBaHOIO ? BilHOCHA BesnynHa Ca2+-11yJly €HI0IIa3MaTUYHOTO PETUKYJIyMa € MEHIIOIO, a BXiJ
Ca2+ xaTioHa yepe3 y1a3amMaTu4yHy memopany y EITP 32 eMHiCHUM MexaHi3MOM ? c1abKimuMm, HiK y TUMoLuTax. 3a
nii doTo36ymxenoro pynepeny C60 emHicHui Bxigy Ca2+ y kiitunu L1210 Ta Jurkat 3Ha4HO OCHITIOETHCS,
MITOXOH/IPIi BTpa4yaroTh 30aTHICTh yTpuMyBaTu CaZ+, akyMyJIbOBaHUM BHACIIIZLOK 11oro suxony 3 EINP, mo
IIPU3BOJUTH 10 HEKOHTPOJIbOBAHOI'O BUXOY KaTiOHa 3 MITOXOHAPIN Y IMTO30J1b Ta 10 AUCUNALlil MeMOPaHHOTO
IIOTEHIialy MiTOXOHAPIN, BUMipsHOro 3a fornomoroo 30Hay TRME. OTpuMaHi 1aHHi BKa3ylOTh Ha IIEPCIIEKTUBHICTD
BUKOPUCTaHHA (POTO30ypKeHoro ¢pynepeny C60 s BiimBy Ha cucteMy Ca2+-CUTHAJIIHTY Ta aKTABALil MIJIAXiB

Ca2+-3ay1€5KHOT0 anoNTO3y B JIEMKEMIYHUX KIITUHAX.

2. The thesis is devoted to the study of reactive oxygen species (ROS) production and calcium homeostasis indexes
in T-cells with normal (Wistar rat thymocytes) and transformed (leukemic MT-4, Jurkat, L1210 lines) genome under
the influence of carbon nanostructure fullerene C60 in control and after its photoexcitation. The differences in
membratotropic effects of fullerene C60 in test cells were shown. Treatment of thymocytes with fullerene C60
(5?10-5M) caused inhibition of ecto-ATPase activity in plasma membrane, initial velocity (VO) of the enzymatic
reaction was decreased while the time of reaching a half-maximum velocity rate (?) was increased. Treatment of
MT-4 cells was not followed by changes in ecto-ATPase activity. Ca2+ permeability of endoplasmic reticulum (ER)
membrane was evaluated in experiments with Indo-11loaded cells incubated in Ca2+-free medium followed by the
addition of C60. Fullerene C60 did not influence Ca2+-permeability of ER membrane in thymocytes, but in MT-4
cells caused a gradual increase of [Ca2+]i. The differences revealed appear to be dependent on the rate of fullerene
C60 distribution in plasma membrane and of its penetration into the cytoplasm of normal and transformed cells.
With the use of fluorescent probe DCF-DA the antioxidant properties of fullerene C60 were studied in thymocytes,
exposed to 0.1 mM H202 as an inducer of oxidative stress. It was shown that H202-dependent ROS production
was inhibited when the cells were preincubated with 10-5M C60. The obtained data indicate on C60 ability to
prevent oxidative stress in thymocytes. Effects of photoexcited fullerene C60 were evaluated in cells treated for 1h
with 10-5M C60 and irradiated ( =320-600 nm) by mercury-vapor lamp (200 mW /cm?2). It was shown that
fullerene C60 exhibited cytotoxic effect against leukemic L1210 and Jurkat cells decreasing cell viability when
combined with UV-visible irradiation. No phototoxic effect of fullerene C60 against thymocytes was detected.
Exposure of test cells to UV-visible irradiation only was followed by insignificant increase of intracellular ROS
formation. Under the combined action of fullerene C60 and irradiation the dynamic of ROS production in
thymocytes was the same as that under irradiation, but in L1210 and Jurkat cells ROS production was further
intensified and its level significantly exceeded the level of ROS in control. Thus, photoexcitation of fullerene C60
was shown to be accompanied by increased ROS production in leukemic cells. To elucidate the influence of
photoexcited fullerene C60 on Ca2+ signaling system its influence on the concentration of free cytosolic Ca2+ was
investigated in normal and leukemic cells. It was shown that C60 photoexcitation was followed by only transient
[Ca2+]i elevation in thymocytes while in leukemic a significant and sustained increase of [Ca2+]i was detected. To
determine the mechanisms of photoexcited fullerene C60 on Ca2+-homeostasis Ca2+-pool of endoplasmic
reticulum and capacitive calcium entry into the cells were evaluated. Depletion of ER Ca2+-pool was caused by
addition of thapsigargin - highly effective inhibitor of ER Ca2+-ATPase. The relative value of capacitive Ca2+ entry
was estimated as the difference between the values of [Ca2+]i before and after addition of 1 mM CaCl2 to the
incubation medium of thapsigargin-treated cells. It was shown that the system of maintaining Ca2+ homeostasis in
leukemic cells is remodulated. The value of endoplasmic reticulum Ca2+-pool was less and that of capacitive Ca2+
entry across plasma membrane into ER was significantly lower in L1210 and Jurkat cells than in thymocytes. It was
demonstrated that combined action of fullerene C60 and irradiation is followed by substantial increase of
capacitive Ca2+ entry into leukemic cells. This phenomena resulted in [Ca2+]i increase and excessive Ca2+-
accumulation by mitochondria of leucemic cells. It was shown that following C60 photoexcitation mitochondria of



Jurkat and L1210 cells lost their ability to retain Ca2+ accumulated after cation release from ER. With the use of
potential-sensitive fluorescent probe TRME it was demonstrated that fullerene C60 reduced the value of
mitochondrial membrane potential in leukemic cells. These data confirm the ability of fullerene C60 to penetrate
into cells and to localize near or in the membranes of mitochondria. The membrane potential of mitochondria in
Jurkat and L1210 was shown to be dissipated following C60 photoexcitation. The data obtained indicate the
promising application of photoexcited fullerene C60 for influence on Ca2+-signaling system and for induction of
Ca2+-dependent apoptosis in leukemic cells.
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