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Anticancer drug paclitaxel (Ptx) effect on biochemical mechanisms, regulating apoptosis in anaplas-
tic thyroid carcinoma cells, was studied. It was shown that in addition to apoptotic cell death, Ptx induces
signaling cascades that ensure cell survival. Paclitaxel-induced activation of nuclear factor kappa B (NF-xB)
leads to an increase of some antiapoptotic proteins expression such as survivin, cIAP, XIAP. A novel NF-kB
inhibitor, dehydroxymethylepoxyquinomicin (DHMEQ), was found to enhance cytotoxic effect of Ptx in ana-
plastic thyroid carcinoma cells. An enhancement of caspase-3 and -9 activation and PARP cleavage as well
as the decreased levels of proteins-inhibitors of apoptosis were observed when cells were treated with a com-
bination of both drugs. Mitochondria transmembrane potential (A¥ ) loss was observed at higher concentra-
tions of Ptx and DHMEQ. NF-kB inhibition also potentiates paclitaxel effect at tumors formed by xenotrans-
plantation of FRO cells into mice. Tumor mass reduction, significantly different from the effects of each of the
compounds alone, was observed in animals, treated with paclitaxel and NF-kB inhibitor. Thus, the combined
use of paclitaxel and NF-kB inhibitor inhibits biochemical processes that contribute to the resistance of ana-

plastic thyroid carcinoma cells to paclitaxel action.
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ticancer drugs commonly used to treat can-

cer patients [1, 2]. There are researches con-

ducted on the possibility of its use for the treatment
of patients with the thyroid cancer [3, 4]. Experimen-
tal data available indicate that in thyroid tumor cells
Ptx activates not only the processes that cause cell
death, but also the mechanisms that actively counter-
act to Ptx-induced apoptosis [3]. Therefore, studies
aimed at finding methods of inactivation of biochem-
ical mechanisms involved in the formation of tumor
cells resistance to this anticancer drug are important.
Nuclear factor NF-xB is the universal tran-
scription factor that controls the expression of a va-
riety of genes. Family of NF-kB factors is involved
in many signaling mechanisms that control the
immune response, processes of proliferation, sur-
vival, differentiation, apoptosis, cell division and
migration [5, 6]. Dysregulation of NF-xB functions
leads to inflammation and is associated with many

P aclitaxel (Ptx) is one of the most effective an-
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diseases, including cancer [7-10]. Moreover, NF-xB
is considered as one of the major mediators linking
chronic inflammation and malignant transformation
of cells [7, 9, 10]. NF-«B is constitutively active in
most types of cancer, and many signaling pathways,
involved in carcinogenesis, are accompanied by this
factor activation [10, 11].

In mammalian cells NF-kB family includes:
p65 (RelA), RelB, c-Rel, p50/p105 (NF-kB1) and
p52/p100 (NF-kB2). These proteins have a unique N-
terminal Rel-homologous domain for hetero- or ho-
modimers formation and DNA binding. C-terminal
transactivation domain of p65, RelB and c-Rel func-
tions as transcription activator when bound to p50
or p52. The most common form of NF-kB is a hete-
rodimer consisting of p65 and p50. In most normal
quiescent cells NF-kB dimers are bound and kept in
cytoplasm by inhibitor kappa B (IxB), which masks
the so-called nuclear localization sequence in NF-xB
proteins. Currently five members of a family of [kB
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proteins were identified: IxBa, IkBp, IkBy, IkBe and
Bcl-3. The high affinity of IxB proteins for NF-xB
provides tight control of this signaling pathway ac-
tivation. RelA (p65) was previously recognized as a
potential oncogene [5, 6].

The NF-xB activation in response to extra-
cellular stimulation and intracellular stress events
is mainly controlled by the canonical (classic) and
non-canonical (alternative) signaling pathways. In
particular, complex of kinase IkB (IKK), which is
composed of two catalytic subunits [IKKa (IKKT)
and IKKf (IKK?2) and regulatory component NEMO
(NF-xB modulator; IKKy) are involved in the control
of the canonical pathway [5, 6, 11].

The influence of nuclear factor NF-xB on apo-
ptotic processes in tumor cells was intensively in-
vestigated in the recent years. It was shown that the
factor activated a group of genes whose products
suppressed apoptosis by caspases inhibiting [S]. In
particular, it relates to gene family of proteins-inhib-
itors of apoptosis, which are capable of suppressing
the activity of effector caspases, and the caspase-3
in the first place [12]. These include cIAPI1, cIAP2,
survivin, XIAP, and besides, these proteins may
cause the second wave of NF-kB activation, thus
further enhancing the expression of antiapoptotic
genes [13, 14]. Since NF-xB plays an important role
in antiapoptotic processes, causes chemo- and radio-
resistance of tumor cells [5, 15, 16], it was expected
that its inhibition would enhance the Ptx toxicity in
tumors. Previous data showed that NF-kB suppres-
sion with DHMEQ inhibitor enhanced radiation-in-
duced apoptosis in thyroid cancer cells [17].

The aim was to study the biochemical mecha-
nisms of combined action of Ptx and a new inhibi-
tor of nuclear factor NF-kB, dehydroxymethylepo-
xyquinomicin (DHMEQ), on apoptotic processes
in the anaplastic thyroid carcinoma cells and tumor
xenotransplants.

Materials and Methods

Reagents. Polyclonal antibodies to caspases,
PARP, p65 (RelA), IkBa, survivin, cIAP-2, XIAP
(X-linked inhibitor of apoptosis), phosphorylated
proteins cRaf-1, IKKa and horseradish peroxidase
conjugated second antibodies were from the "Cell
Signaling Technology" (USA). Complexes of pro-
teins with antibodies were visualized using ECL rea-
gent (Amersham Life Science, UK). Paclitaxel was
from "Wako Chemicals" company (Osaka, Japan).
DHMEQ was kindly provided by Dr. K. Umezava
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(Keio University, m. Yokohama, Japan). Stock solu-
tion of racemate DHMEQ (10 mg / mL) were pre-
pared in DMSO and stored at -20 °C.

Cell lines. Human anaplastic thyroid carci-
noma cells FRO, ARO and mutARO (cell line with
a mutated NF-xBIA encoding cytosolic protein in-
hibitor of NF-kB - IkBa) were used. All cell lines
were obtained from prof. V.A. Saenko and prof.
S. Yamashita (Nagasaki University Graduate School
of Biomedical Sciences, Nagasaki, Japan).

Conditions of culturing. Cells were grown in
RPMI-1640 medium supplemented with 5% fetal
bovine serum (FBS) and the mixture of penicillin/
streptomycin (100 U/ml/100 pg/ml, respectively),
in a 5% CO, humidified atmosphere at 37 °C. After
2 days incubation, when the culture reached about
80% confluence, cells were washed twice with
phosphate-buffered saline (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
drugs dissolved in dimethylsulfoxide (DMSO), and
then collected at different time intervals. In control
samples we added the same amount of DMSO. After
incubation, cells were washed twice with cold PBS
(2 °C), containing sodium pyrophosphate and ortho-
vanadate, collected in 1 ml of PBS buffer and pel-
leted for 3 min at 200 g and 2 °C. Preparation of cell
lysates and Western blot analysis was performed as
previously described [3]. Developed X-ray film was
scanned using GelPro 3.1 software and normalized
by B-actin amount in each lane.

Cell survival assay. Cultures were established
in the 96-well flat-bottom microtiter plates (Nalge
Nunc International, Tokyo, Japan) in RPMI 1640
containing 5% FBS. Cell suspensions (100 ul, ~1000
cells/well) were added to each well and incubated
for 24 h before treatment. Ptx (10 pul) and DHMEQ
dissolved in DMSO (in control samples — DMSO
only) were added to each well at increasing concen-
trations, six wells for each concentration. After incu-
bation, a water-soluble tetrazolium salt-based assay
(WST) was performed as follows: 11 pl of the cell
counting kit solution (CCK-8, Dojin, Osaka, Japan)
were added to each well and incubated for 1 h at
37 °C. Optical density was read at 450 nm in a mi-
croplate reader.

Assessment of mitochondrial membrane po-
tential. Changes in electrochemical potential of mi-
tochondrial membrane were examined using flow
cytometry analysis of cells stained with tetramethyl-
rhodamine ethyl ester (TMRE, Molecular Probes,
Eugene, OR), a cell-permeable dye accumulating
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in mitochondria with unaltered membrane potential
[18]. Cells were harvested by trypsinization at the
end of experimental protocol, and 1x10° cells were
incubated with 100 ng/ml TMRE for 15 min at RT
in HEPES-buffered saline (pH 7.4) followed by the
analysis with the FACScan (20,000 cells/sample).
The fluorescence intensity of TMRE was monitored
at 582 nm (FL-2).

Nude mouse xenograft model. Standards of ex-
perimental animals maintenance meet the essential
requirements of Bioethics Committee to maintain
and work with laboratory animals and the European
Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes
(Strasbourg, 1986).

FRO cells were grown in RPMI 1640 supple-
mented with 5% fetal bovine serum in a 5% CO, hu-
midified atmosphere at 37 °C. Cells (5x10° cells per
animal) resuspended in RPMI 1640 were injected
s.c. into both flanks of 8-week-old female BALB/c
nu/nu mice (Charles River, Japan, Tokyo), 9 animals
per group. Animal weight was about 25 g. Tumor
sizes were measured each alternate day with calli-
pers, and tumor volumes were calculated according
to the formula: a’xbx0.4, where a is the smallest tu-
mor diameter and b is the diameter perpendicular to
a. Treatment with Ptx and DHMEQ started after the
tumor size approached 100 mm?. Ptx (10 mg/kg/day)
and DHMEQ (8 mg/kg/day) diluted in Cremophor
EL (Sigma, USA), ethanol and PBS (pH 7.4) (1:1:1
v/v/v/) were injected intraperitoneally (i.p.) daily for
7 days. Animals from the control group received ve-
hicle injections. To determine the effect of low doses
of Ptx on tumor growth, animals were treated with
i.p. Ptx injections at a dose of 2 mg/kg/day daily for
20 days.

Statistical analysis. All data were expressed as
a mean = SD or mean + SE. Differences between
groups were examined for statistical significance
using Student test. P < 0.05 was considered indica-
ting statistical significance.

Results and Discussion

Effect of Ptx on the components of NF-xB
signaling cascade. Ptx enhances phosphorylation
of IKKa kinase and thus activation of NF-xB, in 3
hours of cells incubation with the drug, with a maxi-
mum at 12 h (Fig. 1, 4). A clear increase of IKKa
phosphorylation was observed starting from 10 nM
of Ptx concentration (Fig. 1, B, C). At the same time
a decrease of IkBa content, due to its phosphoryla-
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tion by IKKa and degradation of this protein in pro-
teasomes [5, 6], was observed. The amount of p65
(RelA) gradually increased starting from 5 nM con-
centration of Ptx, reached a maximum at 10 nM (1.5-
fold relative to control) and dropped to a level that is
lower than the control with a further increase in drug
concentration (Fig. 1, B, C).

Thus, in anaplastic thyroid carcinoma cells Ptx
initiates signaling mechanisms associated with the
activation of NF-«xB.

Effect of Ptx and NF-kB inhibitor on the state
of proteins involved in apoptosis. Study of Ptx and
DHMEQ effect on the proteins involved in the apop-
totic process showed that Ptx and DHMEQ enhance
the activation of caspase-3, caspase-9 and PARP
cleavage. There was almost no activation of the main
effector caspase-3 in the control samples. In the
presence of Ptx, and, in particular, NF-kB inhibitor
cleavage of caspase-3 significantly increased (Fig. 2,
A, C). The combination of both agents demonstrates
an additive effect that exceeds the effects of indivi-
dual compounds. The same pattern was observed in
the study of caspase-9 activation, which represents
the mitochondrial pathway of apoptosis (Fig. 2, 4).

One of the evidences of caspases activation
is partial proteolysis of their protein substrates in-
cluding PARP, which splits under the caspase ac-
tion into two fragments (89 and 24 kDa). PARP is
useful for apoptosis quantify because its large frag-
ment (89 kDa) is close in size to the intact PARP
(117 kDa), which makes it possible to observe si-
multaneously the decrease in the content of intact
protein and increase of its large fragment. Fig. 2,
A, C shows intactness of PARP in control samples.
Under the action of Ptx 89 kDa fragment content is
increased, in the presence of NF-kB inhibitor PARP
further degrades and combined effect of both com-
pounds gives the maximum effect.

To ascertain the specific mechanisms of antia-
poptotic action of NF-kB we studied the expression
of some antiapoptotic proteins. It is known that some
proteins-inhibitors of apoptosis (cIAP1-2, XIAP,
survivin), expression of which can be controlled by
NF-kB, are involved in the regulation of apoptosis.
It was assumed that inhibition of NF-«xB would lead
to reduced expression of these proteins and, conse-
quently, to enhancement of paclitaxel-induced apop-
totic processes.

Fig. 2, B, C shows that in the presence of Ptx,
expression of these proteins in tumor cells increases
significantly. In particular, it concerns clAP2, the

65



EKCITEPUMEHTAJIBHI POBOTH

A 0 3

6 12 24 h
——
ST 1 1
- — - — -

B 0 2.5 5 10 25 nM Ptx
..
i — - P
e ——— —— e m—— L em—

A —— —— w— D65 (RelA)
-
1 2 3 4 5
(03
phospho-IKKa . p65
- 1.5 1 |
1.5 4 | T
1.0 1 T
. 1.0 1 % ok .
S S |
13} 13}
0.5 0.5 1
0.0 T T T T T 0.0 T
1 2 3 4 5 1 2 3 4 5
Track# Track#
IkBa
1.5
1.0 1
3
o -
0.5 A s
0.0 T T T T T
1 2 3 4 5
Track#

Fig. 1. Effect of paclitaxel upon activation and amount of the signaling cascade NF-kB components in FRO
cells. Identification of proteins by Western blot analysis (A, B) and NF-kB signaling cascade component con-
tents diagrams (C) in FRO cell lysates after data normalization considering the f-actin content on the respec-
tive track. c.u. - conventional units. M = SE, n = 3.
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Fig. 2. The effect of the combined action of paclitaxel and NF-kB inhibitor on activation and content of pro-
and antiapoptotic proteins in FRO cells. Identification of proteins by Western blot analysis (A, B). M + SE,

n=3

content of which at the Ptx action increased nearly 5
times. Thus, in tumor cells, the defense mechanisms
opposed the proapoptotic processes induced by Ptx,
are activated, which to some extent could neutrali-
ze apoptotic. Addition of DHMEQ to the incubation
medium caused significant suppression of the apop-
tosis-inhibitors expression, especially of XIAP, the
content of which is reduced to essentially lower level
than in the control sample (Fig. 2, C).

Thus, NF-xB directly or indirectly controls the
expression of apoptosis inhibitors — clAP2, XIAP
and survivin in thyroid cancer cells. The combined
action of Ptx and NF-kB inhibitor reduced the ex-
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pression of proteins-inhibitors of apoptosis that
could enhance apoptotic processes in the cells of
anaplastic thyroid carcinoma.

As shown earlier, signaling systems that coun-
teract the proapoptotic effects of Ptx in the thyroid
tumor cells were PI3K- and MAPK-dependent path-
ways [3]. Therefore, to clarify the mechanisms that
enhance apoptosis in the presence of DHMEQ we
studied activation of mitogen-activated protein ki-
nases, namely, analyzed phosphorylation of one
of the key protein of this cascade — cRaf-1. It can
be seen that Ptx enhances cRaf-1 phosphorylation
(Fig. 2, B, C). In the presence of increasing concen-
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trations of DHMEQ, protein phosphorylation gradu-
ally attenuated, which indicated the kinase inactiva-
tion. Thus, one can conclude that NF-kB activates
mitogen-activated protein kinases in anaplastic thy-
roid carcinoma cells.

The obtained data are interesting because
cRaf-1 (MAPKKK) is a component of signaling cas-
cade Ras/Raf/MEK/ERK - the kinase upstream in
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the regulatory chain of protein kinases MEK1/2 and
ERK1/2, which play an important role in control of
the proliferative potential, and apoptotic processes in
different tissues [19], including transformed cells of
the thyroid [20]. We have shown previously that inhi-
bition of this signaling cascade by specific inhibitors
enhanced Ptx-induced apoptotic processes [3]. It is
known that Ras and associated signaling cascade is
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Fig. 3. Effects of paclitaxel and NF-xB inhibitor on mitochondrial membrane potential. Y axis - number of
cells; X — TMRE content, arrows show cells with mitochondria that have lost membrane potential

able to activate NF-kB, especially in tumor cells [21],
but the reverse effect of factor on this cascade was
studied insufficiently. One of possible mechanisms
of this activation can be a release of protein kinase
TLP2 from the complex, consisting of MAPK/p105-
subunit of NF-xB/TLP2 [22].

Since NF-«B is a transcriptional factor that is
able to regulate the expression of a number of antia-
poptotic proteins, role of MAPK in these processes
remains unclear and requires further elucidation.
Perhaps MAPK through activation of appropria-
te transcription factors further enhances survival
mechanisms.

Effect of Ptx and DHMEQ on mitochondria.
Study of the effect of both drugs on mitochondria
showed that Ptx concentrations, which induce clas-
sic apoptosis (5-10 nM) did not cause significant
changes A¥ (Fig. 3). The number of cells with lost
mitochondria potential increases at higher Ptx con-
centrations of 50 nM (25.9% of cells) and, especially,
at 100 nM (up to 44.1% of cells).

The NF-xB inhibitor, DHMEQ), also predeter-
mined loss of mitochondria A¥_in concentration
5 ng/ml (20.6% of the cells) and 10 pug/ml (50.6% of
the cells), and its effect was stronger compared to
Ptx (Fig. 3).

Thus, low concentrations of Ptx and DHMEQ
do not affect A¥ _, and high levels of the drugs trig-
ger in thyroid tumor cells processes of necrotic type.

Cell survival determination at Ptx and DHMEQ
impact. In in vitro experiments anaplastic thyroid
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cells incubation with Ptx caused their death (Fig. 4,
A). The drug concentrations starting from 2 nM
proved effective. A more detailed study of ultralow
and low Ptx concentrations showed that the addition
of DHMEQ in the medium increased the cytotoxic
effect of Ptx, but only in rather narrow range of low
concentrations of the drug (0.5-5 nM) (Fig. 4, B).

In subsequent studies we used mutARO cells —
cell line with a mutation in the gene encoding IkBa.
As a result of mutations serine residues 32 and 36
are replaced by alanine, and this protein cannot be
phosphorylated by IkBa-kinase (IKKa). Thus IkBa
acquires resistance to ubiquitinilation and degrada-
tion in proteasomes, which, in turn, causes inhibition
of NF-kB activation [17].

Fig. 5, A shows that Ptx cytotoxicity in the cells
with IkBo mutation increases at low concentrations
of the drug. A more detailed study of Ptx action at
low and very low concentrations showed that the
increase of Ptx effect is observed only in 1-10 nM
concentration range (Fig. 5, B).

Thus, Ptx concentrations starting from 2 nM
are effective. It should be noted that the drug con-
centrations in the range of 2-25 nM cause apoptosis,
whereas higher concentrations lead to cell cycle ar-
rest and necrotic processes [3], which is confirmed
by the data presented in Fig. 3. According to the
theory of "wounds that do not heal" [23] in tumor
treatment it is essential for anticancer drugs to cause
not necrosis but apoptosis. Necrosis stimulates sup-
plying of tumor with growth factors, cytokines and
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Fig. 4. Effect of paclitaxel and combined action of paclitaxel with the NF-kB inhibitor (5 ug/ml) on ARO cell
survival. M = SD; n = 6, * significant difference between the value of the corresponding point of another

curve, P < 0.05

"building materials", and hence enhances its regene-
ration and growth.

The practical implication of the results is that
lower doses of Ptx, toxicity of which to the whole or-
ganism is widely known, can be used in further pre-
clinical and clinical studies of inhibitors of NF-xB
signaling pathway.

Ptx and DHMEQ effect on xenotransplanted
tumor. To investigate the effect of Ptx and DHMEQ
in vivo, FRO cells (5 x 10 cells per animal) were in-
jected s.c. into both flanks of female BALB/c nu/nu
mice, and kept until the tumor size reached approxi-
mately 100 mm?®. Ptx and DHMEQ were injected in-
traperitoneally. Measurements carried out in 7 days
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after the start of drug administration showed that in
control mice tumor volume had increased about 3.5
times, DHMEQ (8 mg/kg/day) and Ptx (10 mg/kg/
day) significantly inhibited tumor growth, with the
latter significantly more effective than NF-kB inhibi-
tor (Fig. 6). It is important to note that the combined
effect of both compounds proved to be significantly
more effective compared with the effect of each of
these compounds separately (Fig. 6).

In another experiment, concentration of Ptx,
injected into mice, was reduced to 2 mg/kg/day and
the experiment was prolonged to 20 days. The Table
shows that in control mice tumors grow linearly with
time and on the 20™ day reach more than 10-fold size
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Fig. 5. Comparison of paclitaxel effect on ARO and mutARO cell survival. M £ SD; n = 6; * significant
difference between the value of the corresponding point of another curve, P < 0.05
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Fig. 6. The effect of paclitaxel and combined action of paclitaxel and NF-xB inhibitor on tumors growth.
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The effect of paclitaxel and combined action of paclitaxel and NF-«kB inhibitor on tumors growth (M = SD)

Days ‘ Control ‘ DHMEQ ‘ Ptx DHMEQ + Ptx
Control 100.0 = 17.5 100.0 + 14.9 100.0 £ 16.5 100.0 +21.3
7 day 422.2 £99.6 280.2 £ 106.2 86.9+£45.0 23.8+£6.5
11 day 602.8 £ 127.2 334,1 £144.3 225+ 51" 4.6+ 1.1*
16 day 962.8 +153.0 298.5+45.2 97 +£4.8" 0.0%*
20 day 1087.2 +£172.8 569.6 + 126.1 7.6 +2.3" 0.0*
P= — 0.058 0.011 0.0097

Note: Data are expressed as a percentage; 100% was the average tumor size in each group (n = 9) before drug adminis-
tration. P - significance of differences from control values. * Difference between combined effect of paclitaxel with
DHMEQ and effects of these compounds separately - significant, P < 0.05; * tumor reduction compared with control

(100 mm?) significant, P < 0.01

compared to the initial tumor volume. DHMEQ it-
self inhibited the tumor growth only about 2 times,
while Ptx reduced tumor volume compared to con-
trol mice, starting from 11 days of treatment, and on
the 16" day the tumor size was reduced to several
mm?®. A combination of both compounds was even
more effective — tumors completely disappeared on
day 16 (Table).

In this manner, NF-kB inhibitor, dehydroxy-
methylepoxyquinomycin, suppresses the expression
of proteins-inhibitors of apoptosis that enhances the
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cytotoxic effect of paclitaxel in human anaplastic
thyroid cancer cells.

NF-kB transactivates a mitogen-activated
signaling cascade that may indicate the existence
of an additional antiapoptotic effect mechanism of
this transcription factor in anaplastic thyroid cancer
cells.

The combination of paclitaxel and NF-kB in-
hibitor is a promising option for preclinical studies
on the treatment of invasive and radioiodine-resistant
forms of thyroid cancer.
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BuBuanu Ait0 NPOTHIYXJMHHOTO Mpernapary
nakmirtakceny (Ptx) Ha GioxiMiuHI MeXaHi3MH, IO
PEryJIIOI0Th aloNTo3 y KJITHHAX aHaIJIaCTHYHOI
KapruHoMH muTonoaioHoi 3an03u (113). [Tokazano,
110 MOPSIJT 3 AONITUYHUMH TIporiecam, Ptx iHIyKye
CUTHAJIbHI KacKa/u, SKi 3a0e31e4y0Th BUKUBAHHS
KJTITHH. AKTUBAIliS MMaKJIiTaKceleM sijepHoro (ak-
topa kanmna B (NF-kB) npu3BoauTs 10 MOCHICHHS
eKcIpecii HU3KM aHTUAIONTUYHUX TPOTEiHIB, Ta-
Kux sk survivin, cIAP ta XIAP.

Hoswuii inri6iTop NF-xB, nerigpokcumert-
enokcukBiHominmH (DHMEQ), mocuiiioe UTOTOK-
cuuHuil edekT Ptx 11010 KIIITHH aHAIIaCTHYHOL
kapuuaomu L13. V kiitnHax, mpoiHKyOOBaHHUX 3
oboMa TpemaparamMi, CIOCTEpITali ITOCUICHHS
aKkTHBalii Kacnasu-3 Ta -9, pO3LICIUICHHS MOJIi-
(ADP-pu6030)-nomimepasu (PARP) ta 3mentien-
Hs KIJIBKOCTI MPOTEIHIB-CYNPECOPIB  aIonTo3y.
3a migBumeHux KoHmeHTpanid Ptx ta DHMEQ
CIIOCTEpiraiy BTPATy MITOXOHAPISIMH TpaHCMEM-
Opannoro norenuiany (A¥ ).

[Ipuraivenns NF-kB mocuiaioe Takox edext
MaKJiTaKceNny IMIOA0 IMYXJHH, SIKi yTBOPIOIOTHCS
IUITXOM  KCEHOTPAaHCIIAHTAIlli MHUIIaM  KJIITHH
ninii FRO. Y TBapuH, SKUM BBOIMJIU OJHOYACHO
nakJjitakcen Ta iHrioitop NF-kB, cnocrepiranu
3MCHIIICHHSI 00’€eMy TYXJWH, IO BIpOTiTHO
BiJIPI3HSUIOCS BiJl €(EKTiB KOKHOI 31 CHOIYK BBEJC-
HHX OKPEMO.

TakuM 4YuHOM, KOMOIHOBaHE 3aCTOCYBaH-
Hs TakJitakceny Ta iHriditopa NF-kB mpurniuye
0i0XIMIYHI TIPOIECH, IO 3YMOBIIOIOTH CTIHKICTBH
KJITHH aHamjaacTU4Hol kapuumHomu I3 mo mii
TTaKJTIiTaKCeIy.
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Wzywanu peiicTtBue NPOTHBOOIIYXOJIEBOTO
npenapara nakiantakcena (Ptx) Ha Omoxumudeckue
MEXaHU3MBbI, PEryJIHpYIOIIUe aIoINTO3 B KJIETKaX
AHAIJIACTUYECKON KapLIMHOMBI IIUTOBUIHOM JKeje-
361 (LL[2K). [Tokazano, 4To Haps Ay C alONMTHYECKIMHU
nponeccamu, Ptx HHIynMpyeT CUrHalbHBIC KacKa-
IIbl, KOTOpBIE 00ECHEUNBAIOT BBIKUBAHUE KIICTOK.
AKTHBalMsl TaKJIUTaKCceJIeM sIepHOro (axropa
karma B (NF-kB) mpuBoauT k ycmiieHHI0 3KcIpec-
CHM psiZia aHTHANIONTHYHBIX IPOTENHOB, TAKUX KaK
survivin, cIAP, XIAP.

Hosprit marnoutrop NF-xB, nerunmpoxcume-
tunenokcukBuHoMunime  (DHMEQ), ycunmuBaet
HUTOTOKCHYEeCKHH 3P dekT Ptx oTHOCHTENBHO Kile-
TOK aHamacTuyHo kapuuHoMsbl LK. B knerkax,
IPOMHKYOUPOBAHHBIX C JBYMSI HCCIEAYEMBbIMU
npenapaTtamy, HaONroganu YCHJIEHHE aKTHBALUU
Kacmasbl-3 u -9, pacmierienue noiau-(ADP-pr6030)
nonuMepasbl (PARP) u ymeHbIleHHEe KOJTM4ecTBa
IPOTEHHOB-CyIIpeccopoB anonrto3a. Ilpu moBbI-
nieHHbIX KoHUeHTpauusax Ptx u DHMEQ oTrmeuena
HOTepss MUTOXOHJIPHSIMH TPaHCMEMOPAaHHOTO MO-
Tennuana (AY ).

VYruerenue NF-kB ycunuBano takxke apQpext
MAKJUTAKCeJIa OTHOCUTEIIBHO OITyXOJIeH, KOTOpbIE
00pa3yloTcs IyTeM KCEHOTPAHCIIAHTAIlUM MBbI-
waM kieTok JuHUU FRO. V 5KMBOTHBIX, KOTOPBIM
BBOJIMJIM OJHOBPEMEHHO MAKJIUTAKCEJ W HHIHOH-
top NF-kB, HaOmtonanu ymeHbIieHue o0bemMa omy-
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XOJIeH, 4TO JOCTOBEPHO OTIMYATIOCH OT IPPEKTOB
Ka)/IOTO M3 COCAMHEHHI, BBEJICHHOTO OT/ICIIBHO.

Taxum oOpa3oM, KOMOMHUPOBAHHOE MMPUMEHE-

HUe nakJinTakcesna u uaruouropa NF-kB nmonasis-
€T OMOXMMHUECKUE TTPOLECChI, O0YCIOBIMBAIOIIUC
YCTOMYHUBOCTbH KJIETOK aHAIJIACTUYECKOW KapLUHHO-
mbl 2K k nelicTBHUIO MaKIUTaKCena.

KnmoueBrie cnoBa: A TOBHUIHAA XKCJIC-

3a, nakiautakces, NF-kB, anannactudeckas kapiu-
HOMa, aroITo3.
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