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Rapid development of multiple drug resistance and occurrence of negative side
effects in cancer patients arising at the treatment belong to the main problems in cancer
chemotherapy. Recently, it was shown that specific antioxidants (selenomethionine —
SeMet and D-pantethine — D-Pt) possessed nephro-, myelo- and hepatoprotective ac-
tivity at doxorubicin’s (Dx) action in tumor-bearing mice. Besides, these antioxidants
inhibited a cytotoxic action of Dx toward chemotherapy-sensitive tumor cells, and en-
hanced the cytotoxic effect of this drug toward selected drug-resistant tumor cell lines
(e.g. HL-60/vinc, HL-60/adr), while in other such lines (e.g. HCT-116/Bax(-/-), HCT-
116/p53), it was not effective.

The aim of present study was to investigate the molecular mechanisms of the re-
vealed difference in the action of SeMet and D-Pt toward cytotoxic effects of Dx in tumor
cells varying in drug resistance. Human leukemia cells of HL-60/wt line and its drug-
resistant sublines HL-60/adr (overexpression of MRP-1) and HL-60/vinc (overexpres-
sion of P-gp) were used in this study.

Treatment of cells with Dx led to the versatile action of this drug on the level of glu-
tathione in each of the studied cell line and sublines. HL-60/wt cells were characterized
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by 8-fold lower GSH level under Dx treatment compared to control, while in HL-60/vinc
and HL-60/adr cells GSH level was increased 2.2- and 8.2-fold (compared to untreated
cells), correspondingly. The use of doxorubicin also led to significant rearrangement of
GSSG/GSH ratio in these cell lines, leading to 2-fold elevation of GSSG level HL-60/vinc
cells, and 2.5-fold decrease of this index in HL-60/adr cells.

We have shown that a combined effect of SeMet or D-Pt on the background of the
cytotoxic action of doxorubicin on HL-60/vinc cells is accompanied by a 2-fold decrease
in both oxidized and reduced glutathione levels. Such an effect of these antioxidants can
serve as an explanation of their sensitizing effect on the cells of the HL-60/vinc subline
under Dx’s action which we observed earlier. It should be noted that treatment with Dx
led to a 2.5-fold increase in the activity of glutathione-S-transferase in the leukemia cells
of HL-60/vinc subline. The antioxidants effectively reduced this indicator. SeMet and D-Pt
differentialy affected the activity of glutathione-S-transferase in HL-60/adr cells.

In conclusion, our data demonstrate an important role of the antioxidants on the
functional state of the glutathione system in tumor cells that differ in their drug resistance.
The obtained results suggest an important role of glutathione-S-transferase in modula-
tion of cancer drug resistance that is caused by P-glycoprotein overexpression, but not
by the overexpression of MRP-1 protein. Selenomethionine and D-pantethine effectively
inhibit this enzyme, thus, sensitizing P-gp overexpressing cells towards the action of
doxorubicin. This event is accompanied by further decrease in GSH and GSSG levels in
these cells, thus sensitizing them to Dx action. Further studies of the molecular mecha-
nisms underlying this phenomenon are in progress.

Keywords: doxorubicin, antioxidants, glutathione, glutathione peroxidase, glu-
tathione reductase, glutathione-S-transferase

INTRODUCTION

Chemotherapy is the main treatment method of cancer today. But traditional anti-
cancer drugs don’t always provide a complete remission. Besides a lot of antitumor
drugs have some side effects, because they affect both malignant and normal cells of
organism. In addition, one of the main problem of modern chemotherapy is rapid deve
lopment of the multidrug resistance (MDR) of malignant cells. It significantly reduces the
effectiveness of treatment of the oncological patients. This phenomenon is associated
with an elevated expression of membrane-bound ATP binding cassette transporter pro-
teins (ABC transporters) that pump out the anticancer drugs from the malignant cells [6].
The ABC-transporters play an important role in human organism, protecting healthy
tissues (in particular, liver, small and large intestines and kidney) from the action of
various xenobiotics [1]. However, their overexpression in the malignant cells signifi-
cantly reduces the sensitivity of tumors to chemotherapy. P-gp (P-glycoprotein), MRP-1
(multidrug-resistance associated protein) and BCRP (breast cancer resistance protein)
are the most important members of this family, and, thus, development of novel efficient
inhibitors of these proteins remains an actual task in modern oncology [4, 5, 13].

The solution of the main problems of chemotherapy is possible using specific agents
which reduce the negative side effects of antitumor drugs and by which the phenomenon
of multiple drug resistance could be overcome. In previous studies, we have shown that
antioxidants selenomethionine (SeMet) and D-pantethine (D-Pt) are promising candi-
dates for the role of such agents. It was found that antioxidant supplements possess
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nephro-, myelo- and hepatoprotective activity toward doxorubicin (Dx) action on the
organism of tumor-bearing mice. Also, these antioxidants partially sensitized drug-
resistant tumor cells toward cytotoxic action of the doxorubicin (Dx) [15-17]. However,
the molecular mechanisms underlying such effects of selenomethionine and D-pantethine
remain unexplored.

One of the mechanism for the emergence of multiple drug resistance is the
glutathione system. It is known that the antioxidants are potential modulators of cellular
glutathione system that is often involved in regulation of drug resistance in tumor cells
[23, 24]. Glutathione is a biologically active tripeptide. Sulthydryl group of this thiol (R—-SH)
interacts with the reactive group of the chemotherapeutic drug to form a conjugate.
Such conjugates are less active and are removed from the cell by ATP binding cassette
transporter proteins. Chemical interactions between glutathione and antitumor com-
pounds are catalyzed by glutathione-S-transferase enzymes. Glutathione-S-transfera-
ses (GSTs) are a family of detoxification enzymes that catalyse the conjugation of glu-
tathione (GSH) to a wide variety of endogenous and exogenous compounds.

Literature data confirm an important role of reduced glutathione (GSH) and glu-
tathione-S-transferase in transport and accumulation of anticancer drugs in drug-resis-
tant tumor cells. Thus, it was demonstrated that that elevated levels of GSH, together
with increased activities of glutathione-S-transferase (GST) or peroxidase, may protect
cells from cytotoxic drugs (platinum compounds and anthracyclines). Conversely, de-
pletion of the cellular glutathione (GSH) levels inhibits the transport of the drug through
inhibition of the transport of glutathione S-conjugates [22, 24]. It is known that cytosolic
GSTs of some classes play a regulatory role in the mitogen-activated protein (MAP) ki-
nase pathway that participates in cellular survival and death signals. So GSTs perform
their function by direct detoxification or act as inhibitors of the MAP kinase pathway.
Such an effect of GSTs on the MAP kinase pathway explains why in many cases the
drugs used to select for resistance don’t conjugate with GSH and are not substrates for
GSTs [22, 23].

So, the aim of this study was to address potential mechanisms of the effect of anti-
oxidant compounds on the functional state of the glutathione system in tumor cells that
differ in their drug resistance.

MATERIALS AND METHODS

Human leukemia HL-60 cell line and its drug-resistant sublines HL-60/adr (overex-
pression of MRP-1) and HL-60/vinc (overexpression of P-glycoprotein) were kindly pro-
vided by prof. Walter Berger (cell culture collection at the Institute of Cancer Research,
Vienna Medical University, Austria).

Cells were cultured in the RPMI-1640 medium (Sigma-Aldrich, St. Louis, USA) sup-
plemented with 10% fetal calf serum (Sigma-Aldrich, St. Louis, USA), 50 ug/ml strepto-
mycin (Sigma-Aldrich, St. Louis, USA), and 50 units/ml penicillin (Sigma-Aldrich, St.
Louis, USA) in 5% CO, humidified atmosphere at 37 °C. During experiments, cells
(1x108 per ml) were incubated for 24 h in 6-well tissue culture plates (Greiner Bio-one,
Frickenhausen, Germany), and the substances was added at various concentrations
(doxorubicin in a dose of 1 uM for HL-60/wt cells, 5 uM for HL-60/vinc cells and 10 uM
for HL-60/adr cells). The concentration of the antioxidants was the same for all studied
cell lines, namely 0.2 uM for selenomethionine and 10 uM for D-pantethine. Cytotoxic
effects of Dx and antioxidants were evaluated under Evolution 300 Trino microscope
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(Delta Optical, Nowe Osiny, Poland) by staining the dead cells with trypan blue dye
(0.1%). After that, cells were centrifuged at 1,500 rpm for 5 min, and cell suspension
was washed twice with a phosphate buffered saline.

The measurement of glutathione was carried out using the Ellman’s Reagent
(DTNB - 5,5'-Dithiobis-2-Nitrobenzoic Acid), which forms a colored complex with a maxi-
mal absorption at 412 nm with SH-groups at pH 8.0 and with SS-groups at pH 10.5. Cell
suspension was deproteinized with 0.4 ml of 50% sulfosalicylic acid, centrifuged, and
the resulting supernatant was neutralized to pH 7.6 by the addition of 0.1 ml of cooled
2.5 M K,PO,. After additional centrifugation, the entire supernatant was mixed with 2 ml
of phosphate buffer (pH 8.0) containing 0.004% Ellman’s reagent. The optical density of
the solution was measured by a spectrophotometer SF-46 (LOMO, Russian Federation)
at a wavelength of 412 nm. After that, pH in the cuvette was quickly increased to 10.5,
and a marked increase in absorption was observed. The content of the oxidized glu-
tathione (GSSG) was calculated as the difference between absorption of complex of
Ellman’s reagent at pH 10.5 and pH 8.0 [19].

The glutathione reductase (GR, EC 1.8.1.7) activity was determined as the oxida-
tion rate of NADPH by the oxidized glutathione (GSSG)n that was recorded spectropho-
tometrically. 100 pl of supernatant was added to 2.4 ml of 0.01 M phosphate buffer (pH
7.4) containing 1 mM EDTA, 2 mM GSSG and 0.2 mM NADPH, and the absorption
decrease was recorded at 340 nm [3]. The glutathione transferase (GST, EC 2.5.1.18)
activity was determined as the rate of formation of a conjugate between reduced glu-
tathione (GSH) and CDNB (1-Chloro-2,4-dinitrobenzene). 50 pl of samples were added
to 2 ml of 0.1 M phosphate buffer (pH 6.5) containing 2.5 mM of GSH and 1.0 mM of
CDNB. Then the absorption increase at 340 nm was recorded using a molar absorption
coefficient (9.6 mm — 1 cm™) [18]. The glutathione peroxidase (GPx, EC 1.11.1.9) activity
was measured by the colorimetric method using a decrease of GSH concentration un-
der reaction with several types of hydroperoxides. For determination of the GPx activity
of the method of V. M. Moin [11]. A solution of tert-butyl hydroperoxide (20 mM) was
added to the reaction mixture containing 100 pl cell suspension (1:29), 830 ul Tris buffer
(0.1 M, pH 8.5 with addition of 6 mmol EDTA, 9.96 umol sodium azide and 4.8 mmol
GSH). The amount of GSH consumed in the process of interaction between the enzyme
and the substrate was determined spectrophotometrically at 412 nm upon the appea-
rance of a colored thionitrofenyl product of 5,5'-dithiobis-2-nitrobenzoic acid, taking into
account the molar extinction coefficient (13 100) of the Ellman’s reagent.

All experiments were performed in triplicate and repeated 3 times. Statistical analy-
sis of data was conducted in GraphPad Prism Software (GraphPad Software, Inc) using
Student’s t-test. Statistical significance was set at P<0.05.

RESULTS AND DISCUSSION

In order to reveal potential interrelations between glutathione level and sensitivity
of tumor cells to anticancer drugs, cellular content of oxidized (GSSG) and reduced
glutathione (GSH) was studied in human leukemia HL-60/wt cell line and its drug-resis-
tant sublines. It was found that basal GSH level was identical both in HL-60/wt cells and
its vincristine-resistant HL-60/vinc subline (overexpressing P-glycoprotein), while in
doxorubicin-resistant cells of HL-60/adr subline (overexpression of MRP-1) this index
was 2-fold lower (Fig.1, Table 1). On contrary, basal level of oxidized glutathione (GSSG)
was increased 2-fold in HL-60/adr subline, while HL-60/vinc cells were characterized by
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6-fold lower level of GSSG compared to the parental cells. So, the cells of each of the
studied cell lines are characterized by different basal levels of both oxidized and re-
duced glutathione, leading to different GSH/GSSG ratios — 0.34 in HL-60/wt, 2.2 in HL-
60/vinc and 0.06 in HL-60/adr (Fig.1, Table 1). Such a difference in these indices may
be explained by overexpression of ABC-transporter proteins in drug-resistant tumor
cells, which can utilize glutathione for ther own needs. In particular, it is known that
overexpression of MRP-1 protein is closely related to an increased level of glutathione
in tumor cells [24]. GSH forms adducts with anticancer drugs which are then pumped
out from cells by the MRP-1 protein. At the same time, the expression of P-glycoprotein
is not directly related to the level of cellular glutathione [24] that might explain another
pattern of its level in the cells of the HL-60/vinc subline.

GSH, 24 h GSSG, 24 h
6 10+

GSH, nmol/mg protein
GSSG, nmol/mg protein

HL-60/wt WM HL-60/vinc HE HL-60/adr HL-60/wt WM HL-60/vinc HE HL-60/adr

Fig. 1. Impact of selenomethionine (SeMet) and D-pantethine(D-Pt) on the level of reduced(GSH) and oxi-
dized glutathione (GSSG) in human leukemia cells of the HL-60/wt line and its resistant subline HL-
60/adr and HL-60 /vinc under doxorubicin (Dx) action (24 h incubation). * — P <0.05; ** — P <0.01;
*** — P <0.001; **** — P <0.0001 (vs control); + — P <0.05; **= — P <0.001 (vs doxorubicin)

Puc. 1. Bnnue ceneHomeTioHiHy (SeMet) i D-naHTeTnHy (D-Pt) Ha piBeHb BigHoBneHoro (GSH) i okmucneHoro
rnyTatioHy (GSSG) y kniTuHax nerikoay moaunm niHii HL-60/wt i i peancTeHTHWX cy6niHin HL-60/adr
Ta HL-60/vinc nig 4ac gii Ha Hux gokcopy6iumHy(Dx) (24 rog, iHky6auii). * — P <0,05; ** — P <0,01; *** —
P <0,001; **** - P <0,0001 (nopiBHsIHO 3 KOHTponem); ¢ - P <0,05; ¢+ — P <0,001 (NopiBHSIHO 3 JOKCO-
pyb6iunHOM)

The next aim of this work was to study if specific modulators of cellular glutathione
system (selenomethionine, SeMet and D-pantethine, D-Pt) might sensitize drug-resis-
tant tumor cells to the action of various anticancer drugs. It is known that selenium is
a coenzyme of glutathione peroxidase and plays an important role in the regulation of
the glutathione system [20]. D-pantethine is the precursor of coenzyme A, which is in-
volved in most metabolic processes in the cell [2, 12]. Both compounds led to major
reduction of GSH levels in HL-60/wt cells, insignificantly influenced on this index in HL-
60/vinc cells and massively (3- and 6-fold, correspondingly) enhanced it in HL-60/adr
cells. On contrary, there was no impact of SeMet and D-Pt on GSSG levels in HL-60/wt
and HL-60/vinc cells, but in HL-60/adr cells it was significantly (2- and 2.4-fold, corre-
spondingly) decreased (Fig.1, Table 1). These data clearly indicate on activation of
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MRP-1 protein in HL-60/adr cells under their treatment with SeMet and D-Pt, that is
accompanied by significant rearrangement in cellular GSH/GSSG ratio.

In order to confirm this suggestion, we studied changes in cellular GSH and GSSG
levels under impact of well-known anticancer drug doxorubicin (Dx) that is a typical classic
substrate of ABC-transporter proteins [21]. Treatment of cells with Dx led to the versatile
action of this drug on the level of glutathione in each of the studied cell line and sublines.
HL-60/wt cells were characterized by 8-fold lower GSH level under Dx treatment compa-
red to control, while in HL-60/vinc and HL-60/adr cells GSH level was increased 2.2- and
8.2-fold (compared to the untreated cells), correspondingly (Fig. 1, Table 1). These results
clearly indicate an activation of ABC-transporter proteins in MDR cell lines under Dx treat-
ment that requires reduced glutathione for their activity. This event also led to a significant
rearrangement of GSSG/GSH ratio in these cell lines, leading to 2-fold elevation of GSSG

Table 1. Impact of selenomethionine (SeMet) and D-pantethine (D-Pt) on the level of glu-
tathione (reduced — GSH and oxidized — GSSG) and on the activity of glutathione-
S-transferase (GST) in human leukemia cells of the HL-60/wt line and its resis-
tant subline HL-60/adr and HL-60/vinc under doxorubicin (Dx) action

Tabnuus 1. Bnnue ceneHomeTioHiHy (SeMet) i D-naHTeTuny (D-Pt) Ha piBeHb rnyTaTioHy
(BipHOBReHoro — GSH i okucneHoro — GSSG) i akTUBHICTL rNyTaTiOH-S-TpaHC-
cepasm (GST) y knitnHax nenkemii nroanHun ninii HL-60/wt Ta ii pe3ancteHTHUX
cy6niHin HL-60/adr i HL-60/vinc nip gieto pokcopy6iunHy (Dx)

HL-60/wt HL-60/vinc HL-60/adr
GSSG GSH GST GSSG GSH GST GSSG GSH GST

No

treatment basal basal basal 16x no effect 12x 12.1x 12.7x 12x

18x 12.1x 11.5x 12.1x 11.9x
2R 1D E1 2 Uit D €32 (no effect)” TOEEE (no effect)” (13.2x)4  (15.8x)* (no effect)*
15.3x 12 x 13.1x 11.6x 11.5x 13.5x

SeMet — noeffect 5.5 X oeffect)t  (12x  (M15x)F (1350 (14204 (16.8x)8

12.9x 12.2x 14.4x no effect 13x 11.9x
bx Mo T3 T8 o q220F (1240F (1244 (182x)4 (no effect)t

Dx + D-Pt no effect 11.4x 11.1x 16.4x no effect 11.8x no effect 13.1x 1.7x

(11.9%)" (18x)*  (no effect)  (12x)" (11.9x)Y  (12.4x)" (no effect)® (no effect)” (no effect)®

Dx + no effect 15.5x 11.3x 16.4x no effect 12.2x no effect 14.3x 14x

SeMet (11.5x)"  (no effect)® (no effect)*  (|2x)" (11.9%)Y  (11.9x)" (no effect)® (11.4x)*  (11.5x)°

Comments: #— compared to HL-60/vinc, control; ¥ — compared to HL-60/vinc, Dx; A — compared to HL-60/adr,
control; « — compared to HL-60/adr, Dx; m — compared to HL-60/wt, Dx

MpumiTkn: # — NopiBHAHO 3 KNiTMHamK cybniHii HL-60/vinc, koHTponb; ¥ — MOPIBHAHO 3 KNiTUHamMu CyoniHil
HL-60/vinc, Dx; A — nopiBHSAHO 3 KNiTMHamu cyoniHii HL-60/adr, KOHTPOMb; * — MOPIBHAHO 3 KNiTK-
Hamu cyoninii HL-60/adr, Dx; m — nopiBHSAHO 3 kniTuHamu niHil HL-60/wt, Dx
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level HL-60/vinc cells, and 2.5-fold decrease of this index in HL-60/adr cells. Concluding,
enhancement of cellular GSH level and loss of GSSG level under Dx treatment indicates
on increased tumor cell resistance to this drug, while a decrease in GSH level, accompa-
nied with an increase of GSSG level demonstrates the opposite situation.

We have shown that a combined effect of SeMet or D-Pt on the background of the
cytotoxic action of doxorubicin on HL-60/vinc cells is accompanied by a 2-fold decrease
in both oxidized and reduced glutathione levels (Fig. 1, Table 1). Such an effect of these
antioxidants can serve as an explanation of their sensitizing effect on the cells of the
HL-60/vinc subline under Dx’s action, which we observed earlier [15].

For revealing the molecular mechanisms underlying this phenomenon, the impact
of doxorubicin, SeMet and D-Pt on the activity of key enzymes (glutathione peroxidase
(GPx), glutathione reductase (GR) and glutathione-S-transferase (GST) of the glu-
tathione system was studied. We did not detect significant changes in the activity of
glutathione peroxidase in the studied cell line and sublines. There was no effect of the
antioxidants and Dx on these indicators as well (Fig. 2).

GPx, 24 h GP, 24 h
15 FH**

80-
60
40

20+

nmol GSH/min/mg protein
nmol GSH/min/mg protein

HL-60/wt B8 HL-60/vinc WM HL-60/adr HL-60/wt B8 HL-60/vinc WM HL-60/adr

Fig. 2. Impact of joint application of selenomethionine (SeMet) or D-pantethine (D-Pt) with doxorubicin (Dx)
on the activity of glutathione peroxidase (GPx) and glutathione reductase (GR) in human leukemia
cells of the HL-60/wt line and its resistant subline HL-60/adr and HL-60/vinc (24 h incubation). ).** —
P <0.01; **** — P <0.0001 (vs control); * — P <0.05; *= — P <0.01 (vs doxorubicin)

Puc. 2. KombGiHoBaHuI BNnnB ceneHomeTioHiHy (SeMet) abo D-naHTeTuHy (D-Pt) 3 gokcopybiunHom (Dx) Ha
aKTUBHICTb rnyTaTioHnepokcugasmn (GPx) i rmyTtationpeayktasn (GR) y kniTHax nevikosy noguHu ni-
Hii HL-60/wt i iT peancteHTHux cybninin HL-60/adr i HL-60/vinc (24 rop iHky6auii).** — P <0,01; **** —
P <0,0001 (nopiBHsiHO 3 KOHTporeMm); * — P <0,05; <« — P <0,01 (nopiBHsAHO 3 OKCOPY6BiLMHOM)

The glutathione reductase activity was considerably (10 times) reduced under the
action of Dx on wild-type leukemia cells (HL-60/wt), and it was partially recovered under
the action of this drug in a combination with SeMet or D-Pt (Fig. 2). Thus, we found
a positive correlation between the activity of this enzyme and the level of reduced glu-
tathione under the influence of Dx that is consistent with the literature data [7]. At the
same time, the cells of HL-60/vinc and HL-60/adr sublines showed a completely different
activity of this enzyme (Fig. 2). In particular, the overexpression of the MRP-1 protein
in HL-60/adr cells was accompanied by a 3-fold increase in the activity of glutathione
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reductase. This activity was lowered twice under the action Dx, while both antioxidants
did not demonstrate a modulating effect here. Basal activity of glutathione reductase in
HL-60/vinc cells did not differ from this level in the wild-type cells (HL-60/wt), while Dx
treatment led to a 2-fold increase in the activity of this enzyme. SeMet and D-Pt par-
tially normalized the level of that indicator (Fig. 2).

Most significant changes were detected at analysis of the activity of glutathione-S-
transferase in tumor cells (Fig. 3, Table 1). In both drug-resistant sublines of the leuke-
mia cells, there was a 2-fold increase of the activity of this enzyme. These results are
consistent with the literature data about the glutathionylation of xenobiotics and drugs
as an important step before their excretion from cells by the ABC-transporters [8, 10,
23]. Treatment of HL-60/vinc cells with Dx led to a 2.5-fold increase of glutathione-S-
transferase activity, which also positively correlated with 2-fold increase of GSH level in
these cells. Both SeMet or D-Pt lowered GST activity to a basal level, thus, leading to
subsequent decrease in GSH and GSSG levels (Fig. 3, Table 1). These data indicate
a pronounced inhibitory effect of both antioxidants on the activity of glutathione-S-trans-
ferase that might be explained by their ability to enhance the action of the doxorubicin
on the malignant cells resistant to chemotherapy (showed by us in [15]).

GST, 24 h
200
C
£
T 2 150
(,) [ o00
QE (B
% g 100_ *% o0
o ~ |_| o000
(%]
2
g% 07, T ! ! 5
c
o T
o
0_
3 X x 4 X X
®© @ R ) ¢ Q
S %$ Q 6§ O
X 0+

HL-60/wt B HL-60/vinc EE HL-60/adr

Fig. 3. Impact of selenomethionine and D-pantethine on the activity of glutathione-S-transferase (GST) in
human leukemia cells of the HL-60/wt line and its resistant subline HL-60/adr (MRP-1 +) and HL-60/
vinc (P - gp +) under the action of doxorubicin (24 h incubation).** — P <0.01 (vs control); s« P <0.001;
esee — P <0.0001 (vs doxorubicin).

Puc. 3. Bnnue ceneHomeTioHiHy (SeMet) i D-naHnTetnHy (D-Pt) Ha akTuBHICTb rnyTaTioH-S-TpaHcdepasn
(GST) y kniTvHax nemnkoay noanHn ninii HL-60/wt i i peancTeHTHWX cybninin HL-60/adr (MRP-1 +) Ta
HL-60/vinc (P- gp +), siki nipaaBanucs o6pobui aokcopybiumHoMm (Dx) (24 rop iHky6auii). ).** — P <0,01
(nopiBHSAHO 3 KOHTpOnem); *e» — P <0,001; *e++ — P <0,0001 (nopiBHAHO 3 AOKCOPYOBiLMHOM)

It should be stressed that similar effect of SeMet and D-Pt on the activity of glu-
tathione-S-transferase in drug-resistant HL-60/adr cells was absent, probably due to ano-
ther mechanism of drug resistance in these cells. Moreover, a co-treatment of HL-60/adr
cells with SeMet and Dx led to an enhancement of GST activity, accompanied by increase
of GSH levels in these cells (Fig.1, Fig. 3). Thus, SeMet and D-Pt can sensitize to chemo-
therapy only the P-gp-overexpressing tumor cells, and had a weak influence on MRP-1
overexpressing cancer cell lines.
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CONCLUSIONS

The obtained results suggest an important role of glutathione-S-transferase in
modulation of cancer drug resistance that is caused by P-glycoprotein overexpression,
but not by the overexpression of MRP-1 protein. Selenomethionine and D-pantethine
effectively inhibit this enzyme, thus, sensitizing P-gp overexpressing cells towards the
action of doxorubicin. This event is accompanied by further decrease in GSH and GSSG
levels in these cells, thus sensitizing them to Dx action. Further studies of the molecular
mechanisms underlying this phenomenon are in progress.
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AHTUOKCUOAHTU CEJIEHOMETIOHIH | D-NMAHTETUH BMNJIMBAIOTb
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KNITUH NEAKO3Y NIOAUHU 3 PI3BHUMU MEXAHI3MAMU PE3UCTEHTHOCTI
00 XIMIOTEPARII IN VITRO
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' Jlbsigcbkuli HayjoHanbHUl yHieepcumem imeHi lsaHa ®paHka

syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

e-mail: juliana.kozzak@gmail.com

2 [Hemumym 6ionoeil knimuHu HAH Ykpainu, eyn. [pasomaHosa, 14/16, Jlbeie 79005, YkpaiHa
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OcHoBHMMM npobriemamu ximioTepanii paky € LWBUAKUIA PO3BUTOK MHOXUHHOI Me-
OVKaMeHTO3HOiI pe3ncTeHTHOCTi (MMP) Ta BUHUKHEHHST BaXKKMX MOBIYHMX ePeKTIB y OH-
KOXBOPMX Mig Yac nikyBaHHs [4, 9]. HellogaBHO BCTAHOBIMEHO, LLO aHTUOKCUAAHTH (ce-
neHomertioHiH — SeMet i D-nanTeTnH — D-Pt) nposenstoTe Hedpo-, mMieno- Ta renarto-
NPOTEKTOPHY aKTUBHICTb LLIOAO MULLEN-MYXIIMHOHOCIIB, NiKOBAHWUX TPaaULIiNnHUM NPOTU-
NyXNMHHMM NpenapaToM gokcopybiumHom (Dx). Kpim Toro, ui aHTMOKCUAaHTU NpUrHivy-
IOTb LIMTOTOKCUMYHMUIA ecbekT DX Wwoao 4YyTnmBux 4o Ximiotepanii MyXNIMHHUX KITiITWH i No-
CUNIoKTE ePekT npenapary Woao NEBHUX CTIMKMX 40 XiMioTepanii NyXAMHHUX KNiTUH-
Hux ninin (HL-60/vinc, HL-60/adr), Togi sk Ans iHWWX Pe3UCTEHTHUX KNITUHHUX MiHIn
(HCT-116/Bax(-/-), HCT-116/p53) Taknii chbeHoMeH Mu He cnocTepiranu [14-17].

MeToto Liboro gocnimpkeHHst 6yrno BUBYEHHSI MOTEHLIMHUX MOMEKYNSAPHUX MEXaHi3MiB
BNAMBY aHTMOKCUAAHTHUX CMOMYK Ha (PYHKLIOHANbHUIA CTaH CUCTEMW FMyTaTioOHy B nyx-
NNHHUX KNITUHHUX MiHISX i3 pI3HUMW MexaHi3aMmamu CTIKOCTi 40 Ximionpenapartis. Y LuboMy
OOCnigXeHHi Byrno BUKOPUCTAHO KNiTUHW Nenkemii nrogmHn ninii HL-60/wt Ta i peancteHT-
HMX cyoninin HL-60/adr (Hagekcnpecis MRP-1) i HL-60/vinc (Hagekcnpecis P-gp).

JlikyBaHHs kniTuH Dx Bka3ano Ha yHiBepcanbHy (pi3HOGiYHY) Aito Lboro npenaparty
Ha piBHi rmyTaTioHy (GSH, GSSG) y KOXHin JOCNIAXYBaHIN KNITUHHIN NiHiT. KniTuHn1 aun-
koro Tuny (HL-60/wt) xapaktepuayBanucs 8-pa3oBuM 3HWKEHHsM piBHA GSH nig gieto
Dx NOpiBHSIHO 3 KOHTPOMEM, ToAi K Y KniTuHax cybniHin HL-60/vinc Ta HL-60/adr piBeHb
GSH 6yB nigBnweHnn y 2,2 i 8,2 pady (MOpIiBHSAHO 3 KOHTPONBHUMM KMiTUHaMK), BiANoBiI4-
HO. BrkopucTaHHsa gokcopyOiumHy TakoX Npy3Beno 40 CyTTEBOI NepebyaoBu CriBBigHO-
weHHA GSSG / GSH y kniTnHax umx cybniHin, Wo Npu3Beno 40 2-KpaTHOro NigBULLEHHS
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piBHA GSSG y kniTnHax ninii HL-60/vinc Ta 2,5-KpaTHOro 3MeHLLEHHSI LIbOro NokKasHuKa
B KniTuHax niHii HL-60/adr. BapTto 3a3Haunty, wo Bnnme Dx Ha kniTuHM cybninii HL-60/
vinc npu3BiB A0 2,5-KpaTHOro 36inbLUEHHS aKTUBHOCTI MMyTaTioH-S-TpaHcdepasun. Bax-
NVBUM € T€e, WO aHTMOKCUOAHTU €(EKTUBHO 3HMU3UNN LEWN MOKa3HMK, MPOTE BOHU HEe
NPOAEMOHCTPYBanu NoAibHOro BNMBY Ha aKTUBHICTb MMyTaTiOH-S-TpaHcdepasu B Kii-
TMHax cyoniHii HL-60/adr.

OTxe, HawWi JaHi EMOHCTPYOTb BaXIMBY POSlb aHTUOKCUAAHTIB Y perynsuii goyHk-
LlioHanNbHOro CTaHy CUCTEMW FIyTaTiOHy B MyXJIIMHHMX KITiITMHAX, LLO XapakTepuayrTbCs
Pi3HMMKM MeXaHi3MamK CTIMKOCTI 40 MiKiB.

Knroyoei cnoea: pokcopyOiLMH, aHTMOKCUMAAHTW, FMyTaTioH, rMyTaTioOHNepoKCH-
Aasa, rmyTaTioHpeayKTasa, rmyTaTioH-S-TpaHcdepasa

OpepxaHo: 15.08.2018

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2018 e Tom 12/Ne2 e C. 13-24



