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The aim of the paper was to describe the biochemical effects of Paclitaxel (Ptx), y-irradiation (IR) and
their combination in undifferentiated thyroid cancer cells (ATC). IR activated common DNA damage-induced
signaling and manifested certain mitogenic effect by inactivation of retinoblastoma protein (pRb). There was
clear antagonism between Ptx and IR relative to cell cycle regulators — tumor suppressor p53, pRb, CHK2 and
c-Abl as well as proapoptotic Bax expression, but combined action of both agents enhanced caspase-3 and, es-
pecially, caspase-8 activation. The Ptx at low (1-25 nM) concentrations caused noticeable radioprotective effect.

Thus, in ATC cells the ionizing radiation and Ptx exhibited competitive effects upon phosphorylation of
cell cycle controllers: p53, pRb, CHK?2, cAbl and expression of Bax. At the same time, the combined effect of
radiation and Ptx enhanced antiapoptotic Bcl-2 phosphorylation, caspases activation and survivin expression.
The net effect of these events during the first 4§-72 h of cells incubation can be considered as antiapoptotic - Ptx

attenuated cytotoxic effect of IR.
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anticancer drugs, which has been used to

treat certain types of malignant tumors,
including cancer of lung, breast, bladder, ovary,
head and neck, and melanoma [1, 2]. Previously,
we have shown the combined effect of Ptx and ion-
izing radiation (IR) in vivo in one of the most ag-
gressive human tumors, anaplastic thyroid cancer
(ATC) [3]. IR enhanced the effect of Ptx, and after
20 days of treatment tumors in mice disappeared.
It seems that a combination of chemotherapy and
DNA-damaging agents may be effective for ATC
treatment. In this study, we attempted to elucidate
the biochemical mechanisms of combined action
of Ptx and IR in ATC cells in vitro.

P aclitaxel (Ptx) is one of the most effective

Materials and Methods

Cell culture. Human ATC cell lines ARO
(initially assumed to be anaplastic thyroid carci-
noma cell line but recently reclassified into colon
carcinoma) and FRO were initially provided by
J. A. Fagin (University of Cincinnati College of
Medicine, Cincinnati, OH, USA). ATC cell line
KTC-2 (the basic line in our study with wtTP53)
was established at Kawasaki Medical School
(Okayama, Japan).

Throughout all experiments cancer cell lines
were grown in RPMI 1640 supplemented with 5%
fetal bovine serum (FBS) and penicillin/strepto-
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mycin (100 U/ml/100 pg/ml) (all reagents were
from Invitrogen Life Technologies, Paisley, UK)
in a 5% CO, humidified atmosphere at 37 °C. Af-
ter 2 d incubation, when the culture reached about
80% confluence, cells were washed twice with PBS
(pH 7.4) at 37 °C, and a fresh medium was added
to each dish. Cells were incubated for additional
24 h, exposed to the drug dissolved in DMSO
(equal amount of DMSO was added to control
samples) as described below, and then collected at
different time intervals.

JNK inhibitor SP600125, (Calbiochem, USA)
dissolved in DMSO was added to the medium at
final concentration 5 uM 1 h prior to Ptx.

Clonogenic assay. Clonogenic assay was per-
formed as described elsewhere [4]. Briefly, cells
were seeded at 500 cells per 10-cm dish. Twenty-
four hours later, fresh medium with Ptx was added.
After exposure to the drug for 24 h, the medium
was changed and cells were grown for 2 weeks.
Giemsa-stained cell colonies were counted.

Cell survival assay. Cultures were established
in the 96-well flat-bottom microtiter plates in
RPMI 1640 containing 5% FBS. Cell suspensions
(100 pl, 1000 cells/well) were added to each well
and incubated for 24 h before treatment. Ptx (Wako
Chemicals, Japan), dissolved in DMSO was added
to each well at varying concentrations, six wells
for each concentration. DMSO only was added to
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the control cells. After incubation, a water-soluble
tetrazolium salt-based assay (WST) was performed
as follows: 11 pl of the cell counting kit solution
(CCK-8, Dojin, Japan) was added to each well and
incubated for 1 h at 37 °C. OD was read at 450 nm
in a microplate reader.

Preparation of cell extracts. Adherent cells were
washed twice with ice-cold PBS supplemented with
sodium pyrophosphate and orthovanadate, scraped
with a rubber policeman, collected in 1 ml of PBS,
and centrifuged for 3 min at 1000 rpm at 4 °C.
The pellet was then resuspended in 200 pl of the
lysis buffer (Cell Signaling Technology) containing
a cocktail of protease and phosphatase inhibitors.
After 15 min on ice lysates were centrifuged for
15 min at 15000 g and stored at —80 °C until use.
Protein concentration was determined with bicin-
choninic acid assay reagent kit (Sigma, USA) ac-
cording to manufacturer’s protocol.

Western blotting. Total cell lysates were boiled
in the sample buffer (100 mM Tris-HCI, pH 6.8,
4% sodium dodecyl sulfate, 0.2% bromophenol
blue, 20% glycerol, 10% dithiothreitol) and sepa-
rated by SDS-PAGE 7.5—15% gradient gels. The
homogeneous 8 and 15% gels were used when bet-
ter separation of high- and low-molecular-weight
proteins, respectively, was needed. Forty micro-
grams of protein were applied per each lane. Pro-
teins were transferred onto 0.2-pum nitrocellulose
membranes (Millipore Corp., USA) by semidry
blotting. The membranes were blocked with Tris-
buffered saline/0.1% Tween 20 (pH 7.6) containing
5% nonfat dry milk or 5% BSA and incubated with
appropriate primary antibodies (Ab) at 4 °C over-
night. Polyclonal Ab for phosphoforms of c-Abl
(Thr735), Bcl-2 (Ser70), CHK2 (Thr68), p53
(Serl5), pRb (Ser807/811), MKK4 (Thr261) and for
cleaved caspase-3 (Aspl75), PARP (poly (ADP-ri-
bose) polymerase); monoclonal Ab for cleaved cas-
pase-8 (Asp384), survivin, B-actin were form Cell
Signaling Technology Beverly, USA. Bax mAb
were from Santa Cruz Biotechnology, USA). After
washing three times with Tris-buffered saline/0.1%
Tween 20 (pH 7.6), the blots were incubated with
horseradish peroxidase-conjugated species-specific
secondary antibody (Cell Signaling Technology)
for 1 h at room temperature and then again washed
three times. Complexes were visualized using the
ECL reagents (Amersham, USA). Quantification
of Western blotting results was performed with the
GelPro software using integrated optical density
(IOD) and maximal optical density (maxOD) pa-
rameters.

Cell irradiation. For the y-irradiation, cells
were exposed to a single dose of 0.5-20 Gy (Pony
PS-3100SB, radiation source ’Cs, 0.662 MeV,
1 Gy/min) next day after Ptx treatment.
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Statistical analysis. All data were expressed
as a mean = SD or mean * SE. Differences be-
tween groups were examined for statistical signifi-
cance using Student’s independent and paired test.
P < 0.05 denoted the presence of a statistically
significant difference. The regression analysis was
used for cell survival study of combined effects of
Ptx and IR.

Results

1. Effects of low and high doses of radiation and
Ptx on ATC cells in vitro.

Study of the IR action on the cell survival
showed that high (5-20 Gy) doses of radiation ac-
tually had almost no evident effect in the first 24 h
after irradiation (Fig. 1, A.1). A significantly lower
cell survival occurred only at a dose of 20 Gy. In
48 and 72 h after irradiation the dose-dependent
decrease in cell survival was observed. The ef-
fect of IR on cell survival was significant starting
with a dose of 5 Gy. It is noteworthy that in the
first 24 hours low doses of radiation — 0.5-2 Gy
appeared to be more effective than higher doses
(Fig. 1, B). Anaplastic cancer cell line KTC-2 was
more sensitive to radiation exposure, possibly due
to the presence of wild-type 7P53, which is inac-
tive in ARO cell line.

The Ptx effectively induced cell death (Fig. 1,
C). After 24 h of incubation with the drug, the
number of live cells decreased by half (Fig. 1, C.1),
dropped to 30% of control in 48 h, and to 20%
in 72 h (Fig. 1, C.2, 1, C.3). The effect of Ptx on
cell survival was significant beginning from 5 nM
of the drug. It should be noted that relatively low
Ptx concentrations appeared to be effective with
no further decrease in cell survival starting from
10 nM. These results may have some practical im-
portance, because clinically significant concentra-
tions of Ptx are considered between 5 and 30 uM
[5, 6].

Clonogenic assay of ATC cells after exposure
to y-rays showed that at doses starting from 10 Gy
colonies actually did not form (Fig. 1, D).

Study of combined action of Ptx and IR on
cell survival showed that the final effect was de-
pendent on Ptx concentration. Data obtained in-
dicate that Ptx attenuated the IR effect at 1 and
25 nM of Ptx (Fig. 1, E, 1, F). According to re-
gression analysis the effect of IR is significant
for control curve (F = 20.3; P = 0.05) and Ptx
concentration 25 nM (F = 222.1; P = 0.004) for
48 h after irradiation. The effect of IR is signifi-
cant for control curve (F = 34.5; P = 0.03), at
Ptx concentration 1 nM (F = 243.6; P = 0.004)
and 25 nM (F = 1374; P = 0.007); the slope of
curves: -2.42 + 0.41 for control curve compared to
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Fig. 1. Effect of Ptx and y-irradiation on ATC cell viability and clonogenicity. A — Effect of high (5-20 Gy) IR
doses on KTC-2 cells viability. 1, 2, 3 — 24 h, 48 h, 72 h of incubation following cells irradiation. * P < 0.05
vs. control (0 Gy), M £ SE (n = 6). B — Comparison of high and low IR doses effect on cell viability in 24 h
after irradiation. * P < 0.05 vs. control (0 Gy); + differences between survival of ARO and KTC-2 cells are
significant, P < 0.05, M = SD (n = 6). C — Ptx cytotoxicity (ARO). 1, 2, 3 — 24 h, 48 h, 72 h of incubation
with the drug, respectively. M £ SD (n = 6). D — Clonogenic assay of irradiated FRO cells. M = SD (n = 3).
E, F — Effect of combined action of IR and Ptx on ARO cells survival. E — 48 h and F — 72 h of incubation

Jollowing cells irradiation. M £ SD (n = 6). * Difference between irradiated and control cells is significant,
P < 0.05 (paired t-test)
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1.56 = 0.10 and 0.50 £ 0.04 for Ptx concentration
of 1 nM and 25 nM respectively for 72 h after ir-
radiation.

At 5 nM of Ptx, according to results of re-
gression analysis, the cytotoxic effect of IR was
insignificant. Thus it may be noted that at this
concentration Ptx exhibits radioprotective effect
(Fig. 1, E, 1, F).

The only Ptx concentration where we ob-
served attenuated but stable IR effect was 25 nM
of the drug, and we used it for further analysis.

2. Expression and activation of proapoptotic
and antiapoptotic factors in ATC cells on exposure to
IR and Ptx action.

The combined effects of IR and Ptx were
studied at 5 Gy, used in our experiments on ani-
mals [3] and 25 nM of Ptx, where the maximum
of apoptosis was observed in ATC cells [7], and
which could be clinically relevant. According to
Fig. 1, E and 1, F data, the combined effects of IR
and Ptx on cell viability in 48 and 72 h of incuba-
tion in such setting were significant (P = 0.0011
and P = 0.0023, respectively).

Both proapoptotic and antiapoptotic events
under the joint action of IR and Ptx were observed.
It was shown that y-irradiation and Ptx essentially
increased the expression of proapoptotic protein
Bax (Fig. 2, 3). However, both agents used in com-
bination seemed to reduce Bax content in the cells
in comparison with the action effects of Ptx and
IR as single agents. In addition, the enhanced ex-
pression of apoptosis inhibitor survivin under com-
bined action of Ptx and IR was observed (Fig. 2,
3). Both Ptx and radiation alone significantly in-
crease its expression, which is further enhanced in
the presence of both agents. The decrease of Bax
and the increase of survivin expression may indi-
cate the attenuation of apoptotic process in tumor
cells.

To test this possibility, the caspases activa-
tion was studied (Fig. 2, 3). IR did not activate
caspase-3, and caspase-8, while Ptx activated cas-
pase-8 and, especially, the main effector caspase-3.
A combination of Ptx and IR trended to increase
activation of both caspases. A possible explanation
for the contradiction between the decrease of Bax
expression and increase of caspases activation is
enhanced phosphorylation of antiapoptotic protein
Bcl-2 under the combined action of Ptx and IR
compared with phosphorylation of this protein in
the case of each particular agent action (Fig. 2, 3).

A probable signaling pathway that mediates
the apoptotic effects of Ptx and IR in ATC and
other tumor cells is JNK cascade [7, 8]. This con-
clusion is supported by activation of MKK4 - pro-
tein kinase upstream to JNK (Fig. 2, 3). Another
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proof is provided by the experiment with JNK in-
hibitor — SP600125 (Fig. 4). It can be seen that
IR itself does not essentially activate apoptotic
mechanisms. There was no activation of caspase-3
and certain PARP cleavage. The effect of Ptx
was noticeably stronger. The amount of activated
caspase increased significantly and that of intact
PARP decreased more than 20 times. This effect
was almost entirely abolished in the presence of
JNK inhibitor (Fig. 4), indicating the participation
of this protein kinase in Ptx-dependent apoptosis.

3. Effects of Ptx and IR upon cell cycle
regulatory mechanisms.

Since both Ptx and IR affect the cell cycle,
it was of interest to determine the status of main
regulators of the cell cycle upon the action of these
agents, both individually and in combination.

The exposure of anaplastic cancer cells
KTC-2 to y-rays at a dose of 5 Gy markedly in-
creased the phosphorylation on serine 15 of one
of the key protein that controls the cell cycle —
tumor suppressor p53 (Fig. 5, A, I). The phos-
phorylation leads to attenuation of its interaction
with main negative regulator — oncoprotein Mdm?2
[9]. This in turn allows p53 to avoid ubiquitination
and subsequent proteasomal degradation and thus
result in its accumulation in the nucleus and fur-
ther transactivation of genes whose products may,
depending on the strength of stress, arrest the cell
cycle, initiate DNA repair, senescence or apoptosis
[9]. Ptx at 25 nM concentration, which induced
the classical apoptosis in ATC cells [7], also in-
creased the phosphorylation of p53 in the KTC-2
cells, but to a lesser extent, compared with IR. It
should be stressed that in the presence of Ptx, IR-
dependent phosphorylation of p53 was significantly
decreased (Fig. 5, A, I; 5, B). One of the possible
consequences of the p53 accumulation is transacti-
vation of the genes whose products initiate apopto-
sis, particularly of proapoptotic protein Bax gene,
which is one of the key factors in the mitochondri-
al pathway of apoptosis [10]. It is shown on Figs. 2,
3 and 4 that the expression of Bax as well as the
phosphorylation of p53 increased after the irradia-
tion of cells and in the presence of Ptx. However,
the combined effect of IR and Ptx resulted in inhi-
bition of p53 phosphorylation and Bax expression
compared both with radiation exposure and the ef-
fect of Ptx separately. The same pattern of IR and
Ptx actions is characteristic of phosphorylation of
non-receptor tyrosine kinase c-Abl (Fig. 5, 4, 2),
which stimulates the accumulation of active p53
due to its stabilization [11, 12] and participates in
Ptx-dependent processes: apoptosis induction, cell
cycle arrest at G2/M phase [13]. The combined ac-
tion of IR and Ptx almost completely abolishes the

ISSN 0201 — §470. Ykp. 6ioxim. xcypn., 2013, m. 85, No 1



V. M. PUSHKAREYV, O. I. KOVZUN, V. V. PUSHKAREYV, M. D. TRONKO

5 IR (Gy)
+ Taxol (25 nM)

Bax

pBcl-2

Survivin

Caspase-3
Caspase-8

P-MKK4

B-Actin

IR (Gy)
Taxol (25 nM)

P-MKK4

1 2 3 4

5 6

Fig. 2. Effects of Ptx, IR and combined effect of IR + Ptx on activation and expression of proteins involved in
apoptosis. The activated (cleaved) forms of caspase-3 (pl7/p19) and caspase-8 (p10) were detected

tyrosine kinase phosphorylation at Thr735 (Fig. 5,
A, 2).

It is known that ATM (ataxia telangiectasia
mutated) kinase and checkpoint kinase 2 (CHK?2)
mediate effects of y-irradiation on p53 activa-
tion [9]. Ptx and especially IR activate the CHK?2
(Fig. 5, A, 3). In the presence of both agents, as
in the case of p53, Bax and c-Abl, CHK2 phos-
phorylation and thus activation, were significantly
decreased as compared to IR effect (Fig. 5, 4, 3).

The action of IR caused inactivation of an-
other tumor suppressor — retinoblastoma pro-
tein (pRb) (Fig. 5, 4, 4, 5; 5, B), which occurred
through cascade phosphorylation of pRb by cyclin/
CDK complexes and in turn resulted in the release
of E2F family of transcription factors [14, 15]. The
joint effect of both agents led to a significant at-
tenuation of IR effect (Fig. 5, 4, 4, 5; 5, B). There-
by, IR by itself manifested the mitogenic effect,
stimulating the cell cycle transition at the G1/S
phase and initiation of DNA synthesis. A detailed
analysis of mitogenic properties of Ptx was made
previously [16].

ISSN 0201 — 8470. Ykp. bioxim. xcypn., 2013, m. 85, No 1

Discussion

It was shown that Ptx activated caspase-9 in
ATC cells [7, 17], indicating the induction of mito-
chondrial pathway of apoptosis. It is believed that
this is the main mechanism of apoptosis induc-
tion, more important than the pathway through
death receptors and caspase-8 activation, the latter
being realized only in some ATC cell lines [7]. The
decrease of Bax expression upon exposure to IR
and Ptx seems to be inconsistent with activation of
caspases. A possible explanation for this contradic-
tion is enhanced phosphorylation of antiapoptotic
protein Bcl-2 upon the combined action of Ptx and
IR compared with phosphorylation of this protein
induced by each particular agent (Fig. 2, 2). The
Bcl-2 oncoprotein is an inhibitor of apoptosis and
often is overexpressed in malignant cells [18, 19].
Phosphorylation of Bcl-2 protein leads to inhibi-
tion of its protective, antiapoptotic properties [20].
Phosphorylated Bcl-2 also may degrade in protea-
somes [21], as evidenced by decreasing amounts
of this protein in ATC cells exposed to Ptx [7].
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Fig. 3. Quantification of Western blotting results (Fig. 2). Y — OD in conventional units. 1-7 ARO cell line, 8,
9 — KTC-2 cells. Data are mean of 4 OD measurements of one blot by scanning software * SE value (error
of scanning). The maximum OD parameter was used when scanning of caspases bands. Track # of pMKK4
scanogram corresponds to tracks on Fig. 2

One can assume that, together with inhibition of The importance of Bcl-2 for IR-induced
Bcl-2 function, proapoptotic proteins other than apoptosis was confirmed by the data that Bcl-2
Bax such as Bad, Bak and particularly (considering antisense oligonucleotide enhanced the activation
the fact of caspase-8 activation), tBid could be in- of caspase-3 and caspase-7 in prostate cancer cell
volved in the initiation of apoptotic process in mi- lines thus increasing their sensitivity to IR [22].
tochondria under combined action of Ptx and IR. Interestingly, pS3 was not required for this effect.

56 ISSN 0201 — 8470. Ykp. 6ioxim. ucypu., 2013, m. 85, No 1



V. M. PUSHKAREY, O. I. KOVZUN, V. V. PUSHKAREV, M. D. TRONKO

0 2 5 0 2 5 5 IR (Gy)
A - - - + + + + Ptx, 25 nM
- - - - - - + SP600125
ey | SRR
S3agiy

- - - + + + + + Ptx, 25 nM

B 0 0.5 2 5 0 0.5 2 5 5 y-rays, Gy

- - - - - - - - +_SP600125

---- el - oo

PARP

-—------- B-Actin

4000 + 116 kDa
3000
: o
5
g8
- Fo
= e
S 2000 - 3
[
o (5
; 25
[m] ke
RS
1000 - K
(o)
%%
&
e
I
0 . B T I
2 4 5 6 7 8 9
Track #
250 -
]
200 4 %%
89 kDa ]
: <
c [
= oS
. el
> 5]
c ]
g
> 150 - %
o %%
%%
o &
%%
3 &5
< ]
[ e
b e
5%l B
100 -+ <5 £
00 o
e X
] %!
I ! I 1 L 1 I
2 5 6 9
Track #
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Another possible mechanism of IR-induced apop-
tosis inhibition by Bcl-2 was detected in endothe-
lial cells [23]. Bcl-2 expression in HDMEC-Bcl-2
cells significantly inhibited irradiation-induced
caspase-3 activation that may be due to increased
ERK-mediated survivin expression, inhibition of
p53 accumulation and p38MAPK activity [23].
Similarly, knockdown of Bcl-2 expression using
siRNA augmented Ptx-induced apoptosis in hu-
man glioblastoma U138MG and U251MG cells
[24].

We have shown previously that Ptx activated
CDKI1 in ATC cells and this kinase or CDK-related
mechanisms but not JNK are mostly responsible
for Ptx-dependent Bcl-2 phosphorylation [25]. Per-
haps IR additionally enhanced Ptx-induced activa-
tion of CDK. This assumption is supported by data
which evidenced that activation of CDK is neces-
sary for IR-induced apoptosis [26]. It suggests also
that proapoptotic effects of JNK in ATC cells may
involve other mechanisms not linked to direct in-
fluence upon Bcl-2 family proteins.
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Survivin is the protein with complex system of
expression regulation, alternative splicing, multiple
posttranscriptional and posttranslational modifi-
cations. It takes an important part in regulation
of cell division and is antiapoptotic factor, which,
along with other proteins-inhibitors of apoptosis
(IAP), inhibits caspases [27]. There is the evidence
that p53 inhibits the expression of survivin [28—30]
and this could be the reason for increased survivin
level when p53 phosphorylation is suppressed re-
ducing the suppressor amount under the combined
action of IR and Ptx. Also Ptx-activated CDKI1
[25] could phosphorylate survivin on Thr34 resi-
due and thus to stabilize the protein [27]. Evident-
ly, inhibition of caspases by increased amount of
survivin in ATC cells under the combined action
of IR and Ptx led to a attenuating of the irradia-
tion effect upon the survival of cells.

Ptx and IR, in particular, induce activation
of cell cycle regulatory proteins, which is charac-
teristic of genotoxic stress. Activated p53, c-Abl,
CHK2, depending on the strength of external in-
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fluence, determine the direction of cell processes
in response to stress. Another important point is
the inhibition of their activation under the simulta-
neous action of Ptx and IR. One can assume that
the key factor which determined this inhibition was
c-Abl activity. c-Abl — a ubiquitously expressed
non-receptor tyrosine kinase, which is activated in
response to a variety of signals including the DNA
damage and play the important role in IR-induced
apoptosis and DNA repair [31, 32]. According to
the latest data c-Abl not only stabilizes and ac-
tivates p53, but is necessary for full activation of
upstream transducers ATM and ATR [32], which
in turn phosphorylate p53, CHK1, CHK2, BRCAl
and c-Abl as well.

It can be assumed that the main reason of
the change in proteins activation and expression
under the joint action of IR and Ptx is the absence
of c-Abl phosphorylation (and activation) which
caused in turn the reduction of CHK2 and p53
activity and, consequently, reduced expression of
Bax and increased expression of survivin. It is dif-
ficult however to explain such dramatic decrease of
c-Abl phosphorylation under combined action of
both agents. It is possible that Ptx affects upstream
to c-Abl regulatory mechanisms, such as ATM/
ATR activation.

Thus, IR and Ptx are in antagonistic relations
regarding phosphorylation and expression of seve-
ral proteins that mediate the effects of both agents
in tumor cells. Perhaps this is due to competition
for common signaling cascades that are activated
in response to genotoxic stress and to stress related
to cytoskeleton structure disturbance. This is indi-
cated by the fact of increased phosphorylation of
p53 in the presence of Ptx, which is a typical re-
sponse to induced by radiation and other genotoxic
agents caused the DNA damage. On the other
hand, we can suggest that p53 does not play a key
role in the mediation of IR- and Ptx-dependent
apoptosis, which are confirmed by other data [9].

The antagonism between Ptx and IR in
BCap37 (human breast cancer cell line) and KB
(human epidermoid carcinoma cell line) cells was
observed previously [33]. There was not synergism
between IR and Ptx, instead overall cytotoxicity
of these agents significantly decreased. In contrast
to our data, IR reduced Ptx-induced Bcl-2 phos-
phorylation in BCap37 and KB cells. The main
reason of this antagonism may be cell cycle arrest
at G2/M caused by IR [33].

We have shown that the final effect of the in-
teraction of proapoptotic and antiapoptotic factors
as well as cell cycle regulators under the combined
action of IR and Ptx is a weakening of radiation-
induced cell death. Thus, Ptx at certain concen-
trations (5 nM in this case) may cause protective

ISSN 0201 — 8470. Ykp. bioxim. xcypn., 2013, m. 85, No 1

effect against IR. This effect may be due to inhi-
bition by Ptx of IR-induced p53 activation. It was
shown that p53 inhibitors caused radioprotective
effect in mice [34].

The absence of caspases activation and PARP
cleavage in ATC cells in 24 h after irradiation al-
lows assuming that other than apoptosis types of
cell death may be initiated. It is also possible that
development of apoptotic processes after irradia-
tion needs more prolonged period as compared to
Ptx. Data of clonogenic study (Fig. 1, D) and in
vivo experiments [3] evidence that it may take up
to 2-3 weeks.

BUOXNUMUNYECKUE DOPEKTDI
KOMBUHUNPOBAHHOI'O
BO3JENICTBUA y-OBJIYYEHUA
1 ITAKJIMTAKCEJIA HA KJIIETKHA
AHAIIJTIACTUYECKOI'O PAKA
IIIATOBUTHONM XKEJE3bI

B. M. Ilywkapes, E. H. Kos3yH,
B. B. Ilywkapes, H. JI. Tpouvko

I'Y «<MHCTUTYT 3HIOKPUHOJOTMU U OOMEHA BEILECTB
uM. B. I1. Komuccapenko HAMH Ykpaunsi», Kues;
e-mail: pushkarev.vm@gmail.com

Lenpio paboThl OBLIO M3yYEHHE OMOXU-
muueckux  apdektoB makiautakcenaa  (Ptx),
y-oonyuenus (IR) u mx koMOuMHaLMKU B KJeTKax
Henud@epeHUMPOBaHHOIO paka IIUTOBUIHON
xkene3pl (ATC). IR akTuBupyeT OObIUHbBIE s
nopexaeHus: JTHK curHajibHble MeXaHU3MbI U
MpOSIBJSIET ONpeAeIeHHbII MUTOTEHHbBIN 3¢ dheKT
MyTeM WHAKTUBAILIMY TTPOTENHA PETUHOOIACTOMBI
(pRb). Habmtomaetcsi BbIpakeHHbI aHTarOHU3M
mexay Ptx u IR B OTHOILIEHUM peryysiTOpoB KJe-
TOYHOIrO LIMKJa — OITYXOJIEBOI'O CyIipeccopa pS3,
pRb, CHK?2 u c-Abl, a Takxke 3KCIIpecCuu IIpo-
arnonTUYECKOro mnpoTreMHa Bax, HO coBMecTHoOe
JeiCTBUE OOOMX areHTOB YCUJIMBAeT aKTUBALUIO
Kacnasbl-3 1M, 0coO0eHHO, Kacmasbl-8. Ptx B HM3-
kux (125 HM) KOHLIEHTpaLUsX OKa3blBaeT 3a-
METHBIM paguoIIpOTEKTOPHEBIN 3 EKT.

Takum obpaszom, B kJjieTkax ATC HaGmtona-
FOTCSI KOHKYPEHTHBIE B3aMMOOTHOIICHUS MEXIY
IR u Ptx kxacarenbHO (ochopuimpoBaHus MPO-
TEWHOB, KOHTPOJIUPYIOIINX KJICTOUHBINA ITUKI:
p53, pRb, CHK2, cAbl un skcrnpeccun Bax. B 1o
Ke Bpemsi, KomOnHupoBaHHoe neiictBue IR u Ptx
ycunuBaeT ¢GochopuanpoBaHue aHTUATIONTHYE-
ckoro mporerHa Bcl-2 1 akcnpeccrio MHIMOUTO-
pa amomito3a — cypBaiiBuHa. MToroBwiii 3 dekT
3TUX COOBITUIT MOXHO paccMaTpUBaTh KaK aHTH-
aITONITOTUYECKUIN — B TIPUCYTCTBUM PtX IIMTOTOK-
cuuyHocTh IR ocnaGasercs.
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KniodyeBble CJI0Ba: NakjiuTakces, MOHU-
3Upylollast pagualns, paK LIUTOBUIHON XKee3bl,
aroIITO3, KJIETOYHBIN 1IMKJI.

BIOXIMIYHI E®EKTHN
KOMBIHOBAHOI 11
y-OITPOMIHEHHA TA ITAKJITAKCEJIY
HA KIIITUHU AHAIIJIACTUYHOI'O
PAKY IIIMTOBUJIHOI 3AJI03U

B. M. Ilywkapwvos,O. 1. Koe3yH,
B. B. Ilywkapvos, M. /I. Tponvko

Y «lHCTUTYT eHOOKPUHOJIOTii Ta 0OMiHY PeYOBUH
im. B. I1. Komicapenka HAMH VYkpainu», Kuis;
e-mail: pushkarev.vm@gmail.com

MeToto pobOTH OYyJ10 BUBYEHHS OiOXiMiUHUX
edekTiB nakiirakceny (Ptx), y-onpominenHs (IR)
TaiXKOMOiHallilBKJIiTUHAX HeAu(epeH1IililoBaHOTO
paky uuToBUaHOI 3ano3u (ATC). IR axkTuBye
3BuYaiiHi 3a momkomxkeHHs HK curnanbHi
MeXaHi3MU i BUSIBJISIE MEBHUN MiTOreHHUN eheKkT
LIJISIXOM iHAKTUBALlil MPOTeiHy PeTUHOOIACTOMU
(pRb). Cnocrepiraerbcsl BUpaXkKeHU aHTAroHi3M
Mix Ptx i IR o0 peryisaTopiB KJiTMUHHOTO 1IU-
KJIy — myxJinHHoro cynpecopa p53, pRb, CHK?2
Ta c-Abl, a TakoxX ekcrnpecii MpoarnornTUYHOIO
npoteiny Bax. LlutoTokcuuHicTh PtXx € momiTHO
BUILOIO TOPiBHSIHO 3 TEHOTOKCMYHUM edek-
toM IR, ane cminbHa Jis 000X areHTiB IOCUJIIOE
aKkTUBAllil0o Kacmasu-3 Ta, OcCOOJMBO, Kacla-
3u-8. Ptx B HU3bKUX (125 HM) KOHILEHTpallisix
CIIPUYMHIOE  TIOMITHUM  paaionpoTeKTOpHUM
eeKT.

TakuMm ymHOM, B KaiTnHax ATC cnioctepiraam
KOHKYpPEHTHi B3aemoBigHomeHHs Mix IR i Ptx
mwonao ¢dochopuoBaHHS MPOTEiHIB, 110 KOH-
TPOJIIOIOTh KAITMHHMU 1uki: p53, pRb, cAbl ta
ekcrpecii Bax. BomHouac, koMO0iHOBaHUIT BILIUB
IR i Ptx mocuntoe ochopuitoBaHHSI aHTHUATION-
TO3HOro Mpoteiny Bcl-2 Ta ekcrpecito iHridiTopa
anonTo3y — cypBaiiBiHy. IlimcymMKoBuii edekt
LIMX TIOAi MOXHa PO3MISAaTH K aHTHUATONTO-
TUYHUKA — Y NPUCYTHOCTI PtX LIMTOTOKCUYHICTH
IR nmocnabitoeThbes.

KniouoBi ciaoBa: MaKJIiTakcel,
ioHi3yloua pajiallisi, pak IIMTOBUIHOI 3aJI03M,
arnonTo3, KJAITUHHUN LUKJI.
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