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EPOTHILONE B INDUCES GLIOBLASTOMA CELL DEATH
VIA SURVIVIN DOWN-REGULATION

0.A. Quick*
Department of Biological Sciences, Grambling State University, Grambling, LA 71245, USA

Aim: The clinical resistance of glioblastomas to chemotherapeutic agents can be attributed to drug efflux pumps, such as P-glycoprotein, which con-
tributes to reduce drug efficacy. The present study examined the utility of epothilone B, which is not a substrate for P-glycoprotein, on glioblastoma
cells. Methods: Invitromethods with glioblastoma cells varying in pS3 status were used to assess the efficacy of epothilone B to induce anti-neoplastic
responses. Immunofluorescence and ELISA procedures were used to examine levels of tubulin and survivin in epothilone B treated glioblastoma
cells, while acridine orange labeling was used to detect the mode of epothilone B induced cell death. Resulrs: A clinically achievable concentration of
epothilone B induced a cytotoxic response in p53 mutant glioblastoma cells, as a consequence of survivin down-regulation and tubulin redistribution,
while a cytostatic response was observed in pS3 null glioblastoma cells with a modest increase in survivin expression post-epothilone B treatment.
However, pS3 wild-type glioblastoma cells did not sustain a positive anti-tumorigenic response to epothilone B. Conclusion: Epothilone B, induced
positive differential responses in glioblastoma cells with abnormal pS3 status, but not in p53 wild-type cells. This suggests that epothilone Bis a potential

alternative to classic microtubule inhibiting agents (ie vincristine, paclitaxel) used to treat clinical glioblastomas with p53 mutations.
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Gliomas comprise fewer than 2% of malignant neo-
plasms but are arguably the deadliest and most difficult
types of cancers to treat with current chemotherapeutic
agents used clinically. The limited effectiveness of che-
motherapy during the treatment of gliomas, particularly
glioblastomas, is largely due to permeability restrictions
imposed by the blood brain barrier presentin the brain as
well as the activation of intracellular cytoprotective path-
ways that antagonize the effects of chemotherapeutic
agents usedtotreat this disease. It has therefore become
imperative to examine novel agents and approaches that
might overcome the limitations of current chemotherapy
regimens used to treat glioblastomas clinically.

Microtubules are cytoskeletal proteins formed from
heterodimers of alpha (a) and beta (B) tubulin that
primarily function to provide structure and stability in
eucaryotic cells important for mitotic spindle formation
during cell division and vesicular and organelle transport.
These cellular processes are governed by the dynamic
instability of microtubule polymerization and depolymer-
ization, characterized by microtubule nucleation at the
microtubule-organizing center and guanine triphosphate
hydrolysis, respectively [1]. The kinetic changes of micro-
tubules, between assembly and disassembly have made
them primary targets in the experimental investigation
and clinical treatment of many human cancers [2].

Clinically, three classes of microtubule inhibitory
agents that induce positive anti-tumorigenic responses
have primarily been used to treat human cancers, the
vinca alkaloids, colchicines, and taxanes [1]. However,
the clinical effectiveness of these compounds is ac-
companied by harmful side effects and is limited by the
activity of P-glycoprotein (P-gp), an energy dependent
drug efflux transporter protein that plays anintricate role
in the resistance of cancer cells to chemotherapeutic
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agents [3]. These clinical caveats have made it neces-
sary to investigate the utility of new microtubule inhibi-
ting agents that circumvent mechanisms contributing
to the resistance of human cancers.

In the current study, we investigated the anti-tumori-
genic effects of the contemporary microtubule inhibiting
agent, epothilone B in glioblastoma cells using clinically
achievable concentrations. Epothilones are microtubule-
stabilizing agents isolated from the myxobacterium
Sorangium cellulosum [4] and have been shown to be
effective microtubule inhibitory agents in clinical and
experimental studies of human cancers such as breast,
prostate, ovarian, and lung cancer [5—7]. Epothilones are
proving to be practical alternatives to classic taxanes (ie
paclitaxel) historically used as chemotherapeutic agents
in the treatment of several human cancers. This is due
in large part to the high water solubility of epothilones
and their ability to inhibit the growth of cancer cells
overexpressing the P-gp efflux pump [8]. Additionally, we
assessed the involvement of the anti-apoptotic protein,
survivin in epothilone B treated glioblastoma cells.

MATERIALS AND METHODS

Cells conditions and reagents. T98, LNZ, and U87
glioblastoma cells were purchased from the American
Type Culture Collection (Manassas, VA-USA). All celllines
were maintained in Dulbecco’s Modified Eagles Medium-
DMEM (Invitrogen, Carlsbad, CA-USA) containing 10%
Fetal Bovine Serum (Invitrogen), 2 mM L-glutamine
(Invitrogen), 100 nM MEM non-essential amino acids
(Invitrogen), and penicillin-streptomycin (Invitrogen) at
37 °C and 5% CO,,. Epothilone B was purchased from
EMD-Calbiochem Biosciences (San Diego, CA-USA).

Crystal violet cell proliferation assay. Dose re-
sponse experiments were performed using a modification
of the crystal violet assay [20]. Cells were plated in 24 well
plates for twenty-four hours, treated with 1 nM, 5nM, and
10 nM epothilone B (vehicle controls were treated with
DMSO (Sigma-Aldrich, St. Louis, MO-USA) and allowed
to incubate for 48 h. Next tissue culture medium was
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removed; the cell monolayer was fixed with 100% metha-
nol for 5 min and stained with 0.5% crystal violet in 25%
methanol for 10 min. Cells were then washed three times
five minutes each with distilled water to remove excess
dye and allowed to dry overnight at room temperature.
The incorporated dye was then solubilized in 0.1 M sodium
citrate (Sigma-Aldrich) in 50% ethanol. Next, 100 pl of
treated and control samples were transferred to 96 well
plates and optical densities read at 540 nm using a Biorad
680 microplate reader (BioRad, Hercules, CA-USA).
Determination of viable cell number by trypan
blue dye exclusion. Cells were plated for 24 h, treated
with 10 nM epothilone B (EMD-Calbiochem) and al-
lowed toincubate for 1, 3, 4, and 5 days at 37 °C. At the
end of each time point, cells were trypsinized from a
monolayer culture with 0.25% trypsin-EDTA (Invitro-
gen), centrifuged, and resuspended in media or PBS.
Next, 50 pl of cell suspension were mixed with 50 ul of
trypan blue and counted using a hemacytometer.
Western blotting. Cells were plated in DMEM con-
taining 10% FBS for twenty-four hours, treated with 10 nM
epothilone B (EMD-Calbiochem), and allowed toincubate
for24,48,and 72 h. Cells were lysedin lysis buffer (pH 6.8)
containing 60 mM Tris and 2% SDS. Protein concen-
trations were determined using the Bradford Method.
Samples were electrophoresed in a 12% polyacrylamide
gel, transferred to nitrocellulose membranes and immu-
noblotted with a polyclonal antibody against tubulin (Cell
Signaling, Danvers, MA-USA). Signals were detected
using a horseradish peroxidase conjugated secondary
antibody and colorimetric detection system (BioRad).
ELISA. Cells were plated for twenty-four hours,
treated with 10 nM epotholine B (EMD-Calbiochem, San
Diego, CA-USA) and allowed to incubate two and four
hours. Next cells were fixed in 4% paraformaldehyde for
5 min, rinsed with PBS, permeabilized in 0.075% triton
X-100/PBS for 5 minutes and rinsed again with PBS. Cells
were then blocked in PBS containing 3% bovine serum
albumin (Sigma) and 1.5% horse serum (VectorLabs,
Burlingame, CA-USA) for one hour atroom temperature.
Samples were then incubated with a primary antibody
against survivin (Cell Signaling) for twenty-four hours at
4°C. Subsequently, cells were rinsed with PBS, incubated
with a horseradish peroxidase conjugated secondary
antibody for one hour, and rinsed again. Next, cells were
treated with TMB peroxidase substrate (BioRad) for five
minutes and optical densities read at 655 nm.
Clonogenic survival. Cells were plated for twenty-
four hours, treated with 1 nM, 250 pM epothilone B
(EMD-Calbiochem), or DMSO (vehicle) and allowed
to incubate at 37 °C for 10—14 days. At the termination
of the incubation period, cells were fixed with absolute
methanol, stained with 1% crystal violet for 10 min,
rinsed in tap water and allowed to dry. Colonies, consist-
ing of > 50 cells, were then counted to determine surviv-
ing fraction. Surviving fraction (SF) was determined as
follows: SF = number of colonies counted/number of
cells plated x plating efficiency.
Acridine orange labeling. Cells were plated for
twenty-four hours, treated with epothilone B (10 nM)

or DMSO (vehicle) and allowed to incubate for 72 h.
Following epothilone B treatment cells were incubated
with media containing 250 ng/ml acridine orange
(Molecular Probes-Invitrogen, Carlsbad, CA-USA) for
15 min. Acridine orange was removed and images were
captured using an Olympus IX-51 (Olympus,Center Val-
ley, PA-USA) fluorescent microscope.

Immunofiluorescence labeling. Cells were plated
and allowed to attach for 24 h in 12 well plates. Cells were
then treated with epothilone B (10 nM and 30 nM) or ve-
hicle (DMSO) for six hours, rinsed in PBS, and fixed in 4%
paraformaldehyde for 5 min at room temperature. Cells
were then rinsed with PBS post-fixation, permeabilized in
0.075% Triton-X 100/PBS for five minutes, rinsed again,
and blocked with 3.0% bovine serum albumin, 1.5% horse
serum (VectorLabs) in PBS for 1 h at room tempera-
ture. Cells were next incubated overnight at 4 °C with an
a-tubulin (Molecular Probes-Invitrogen) antibody in 1%
BSA/PBS. Samples were nextrinsed three times with PBS,
incubated with an Alexa 488 goat-anti-mouse conjugated
secondary antibody (Molecular Probes-Invitrogen) for 1 h
in the dark, rinsed again and examined with an Olympus
IX-51 (Olympus) fluorescent microscope.

Statistical analysis. Student’s (t) test and one
way Analysis of Variance statistical analysis were per-
formed to convey significance relating to cell number
and protein levels.

RESULTS

Dose response of glioblastoma cells to epothi-
lone B. To assess the efficacy of epothilone B, T98 (p53
mutant), U87 (p53 wild-type), and LNZ (p53 null) glio-
blastoma cells were treated with 1 nM, 5nM, and 10 nM
epothilone B for 48 h (Fig. 1). Data revealed a dose
dependent decrease in cell proliferation of T98, U87,
and LNZ glioblastoma cells treated with epothilone B.
Exposure of cells to 10 nM epothilone B demonstrated a
35% and 34% reduction (p < 0.05) in cell proliferation of
T98 (p53 mutant) and LNZ (p53 null) glioblastoma cells,
respectively, as compared to vehicle treated controls
(seeFig. 1).In contrast U87 (p53 wild type) glioblastoma
cells exposed to epothilone B (10 nM) showed only a
minor decrease that was not significant (p > 0.05), as

determined by student (t) test.
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Fig. 1. Dose response experiments of epothilone B treated glio-
blastoma (T98, LNZ, U87) cells. Vehicle treated control cells (solid
white bars); 1 nM epothilone B (solid black bars); 5 nM epothilone
B (hatched white bars); 10 nM epothilone B (speckled black bars).
Data shown are representative of three independent experiments
(means * SE) performed in duplicate showing similar results
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Time course analysis. To further examine the utility
of epothilone B, time course experiments were performed
over a five day time period on glioblastoma cells treated
with 10 nM epothilone B (Fig. 2). Time course analysis
showed a reduction in total cell number of T98 (p53 mu-
tant) cells, in response to epotholine B (10 nM) exposure,
at each time point examined as compared to vehicle
treated control cells at the same time point over the five
day time course, as determined by trypan blue dye ex-
clusion. Additionally, we observed a significant (p < 0.05)
decline in epothilone B (10 nM) treated T98 (p53 mutant)
cells over the five day time period as determined by
ANOVA analysis, with a 79% reduction in total cell number
observed between day 0 and day 5 (see Fig. 2). These
data parallel several experimental studies in prostate [6,
9], breast [5], and ovarian [10] cancer that also demon-
strated the cytotoxic effects of epothilone B.
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Fig. 2. Time course analysis of glioblastoma cells treated with
epothilone B (10 nM) or DMSO (vehicle control). Top: T98 (p53
mutant) glioblastoma cells Middle: LNZ (p53 null) glioblastoma
cells. Bottom: U87 (p53 wild type) glioblastoma cells. Data
shown are representative of three independent experiments
(means + SE) performed in duplicate displaying similar results

Consistent with time course analysis in T98 (p53
mutant) glioblastoma cells, epothilone B (10 nM) also
inhibited proliferative capacity in LNZ (p53 null) glio-
blastoma cells, due to a prolonged growth arrest, over

the five day time period as compared to vehicle treated
control cells (see Fig. 2). However, in U87 (p53 wild
type) glioblastoma cells time course data displayed a
transient growth arrest post-epothilone B treatment,
followed by a pronounced proliferative recovery, where
a 29% increase in total cell number was observed on
day 4 as compared to day O (see Fig. 2). Taken together
these data suggest that epothilone B induced p53
independent cytotoxic and cytostatic responses in
glioblastoma cells, supporting studies conducted by
Vikhanskaya et al. (1998) [11] and Bacus et al. (2001)
[12] who showed microtubule inhibiting agents induce
p53-independent anti-tumorigenic effects in ovarian
and breast cancer cells, respectively.

Epothilone B effects on reproductive capacity.
In addition to time course analysis, clonogenic survival
experiments were performed to assess the ability of
epothilone B to inhibit reproductive capacity of glio-
blastoma cells exposed to a non-toxic concentration
(Fig. 3). We observed 47% and 88% fewer colonies
(p < 0.05) in epothilone B (250 pM) treated T98 and
LNZ glioblastoma cells, respectively, as compared to
vehicle treated controls. Clonogenic survival data also
revealed, like T98 and LNZ cells, U87 glioblastoma
cells had a reduced reproductive capacity in response
to epothilone B as compared to vehicle controls. How-
ever no significant (p > 0.05) difference was observed
between untreated U87 cells (data not shown) and U87
cells treated with epothilone B, in contrast to T98 and
LNZ cells (data not shown). Furthermore, crystal violet
staining (Fig. 4) displayed a complete abrogation of T98
and LNZ glioblastoma cell colony formation when treat-
ed with 1 nM epothilone B, as compared to untreated
and vehicle treated control cells. In contrast treatment
of U87 glioblastoma cells with 1 nM epothilone B did not
completely inhibit colony formation (see Fig. 4).
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Fig. 3. Clonogenic survival of glioblastoma cells treated with epothi-
lone B for 72 h. Vehicle control (white bars); 250 pM epothilone B

(black bars). Data shown are representative of at least three inde-
pendent experiments (means + SE) with comparable results

Additionally, in effort to determine the mode of
glioblastoma cell death as a consequence of epothi-
lone B exposure we used acridine orange labeling to
assess autophagy or type Il cell death. Fluorescent
labeling experiments with acridine orange did not
detect cytoplasmic autophagic vacuoles charac-
teristic of autophagic cell death. Instead acridine
orange labeling revealed the presence of fragmented
DNA and apoptotic cell bodies in T98, LNZ, and U87

% survivng fraction
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glioblastoma cells (Fig. 5), 72 h post-treatment with
20 nM epothilone B. Consistent with results seen here
Mooberry et al. (1999) [13] also observed induced
DNA fragmentation in aortic smooth muscle cells in
response to treatment with the contemporary micro-
tubule stabilizing agent, laulimalide [13].
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Fig. 4. Crystal violet staining of T98 (a—c), LNZ (d-f), and U87

(g—i) glioblastoma cells treated with 1 nM epothilone B. Cells
shown are of a single colony from a clonogenic survival experiment
performed in duplicate thatis representative of three independent
experiments showing similar results (scale bar = 80 um)
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Fig. 5. Acridine orange labeling in glioblastoma cells treated
with 10 nM epothilone B for 72 h. a—c: T98; d-f: LNZ; g—i: U87.
Data shown are representative of four independent experiments
displaying comparable results (scale bar = 160 um)

Epothilone Binduced effects on tubulin. Epothi-
lone B is a microtubule-stabilizing agent that exerts its
effects by binding to tubulin, an a/p heterodimer com-
plex of microtubules. We therefore assessed tubulin
protein levels in glioblastoma cells treated with 10 nM
epothilone B over seventy-two hours. Time course
protein analysis using immunoblotting procedures
revealed no change in the overall levels of tubulin as
a consequence of epothilone B treatment (Fig. 6). To
further assess the effects of epothilone B on tubulin
in glioblastoma cellsimmunofluorescent experiments
were conducted. Immunolabeling studies revealed
the presence of an extended filamentous array of
a-tubulin in control glioblastoma cells, while a more

perinuclear localization and considerable reduction
of filamentous a-tubulin was observed in epothilone B
treated T98, LNZ, and U87 glioblastoma cells (Fig. 7).
These changes in the organization of a-tubulin parallel
those seen by Dietzmann et al. (2003) [14]in LN405
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Fig. 6. Time course analysis of tubulin expression in glioblastoma
cells exposed to 10 nM epothilone B. Lane: (1) vehicle control,
(2) 24 h, (3) 48 h, (4) 72 h. Results shown are representative of
three independent experiments that displayed similar results
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Fig. 7. Immunofluorescence labeling of a-tubulin in epothilone B
(20 nM) treated glioblastoma cells at six hours. T98 cells (a—c); LNZ
cells (d-f); U87 (g—i). Arrows: cytoplasmic expression of a-tubulin;
Arrowheads: a-tubulin expressed at the periphery of the nucleus.
Shown are tubulin expressing cells observed from at least three
areas of an experiment representative of at least three independent
studies exhibiting similar results (scale bar = 160 um)

Survivin expression in response to epothi-
lone B. In a further effort to assess the mechanistic
basis underlying cellular responses in epothilone
B treated glioblastoma cells (T98, LNZ, U87), we
examined survivin levels, a known mitotic regulator
and anti-apoptotic protein [15], in glioblastomas
[16]. ELISA experiments revealed a time dependent
decrease of survivin in T98 cells post-epothilone B
(10 nM) exposure as compared to vehicle treated
control cells, witha 51% (p < 0.01) decrease observed
at 6 h (Fig. 8). However LNZ cells showed a 60% and
32% (p < 0.05) increase of survivin at 2 and 4 h, re-
spectively, post-epothilone B (10 nM) treatment as
compared to vehicle treated controls. Epothilone B
treated U87 cells displayed no significant (p > 0.05)
changes in survivin levels when compared to vehicle
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controls (Fig. 8). These data are consistent with stu-
dies performed by Griffin et al. (2003) [10] and Wang
et al. (2005) [17], who similarly showed a reduction
of survivin in ovarian cancer cells after treatment with
the microtubule inhibiting agents BMS-247550, an
epot1hilone B analogue, and taxol, respectively.
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Fig. 8. Survivin expression in glioblastoma cells treated with
10 nM epothilone B. Vehicle controls (white bars); 10 nM epothi-
lone B (black bars). Data shown are representative of three
independent experiments (means + SE) performed in duplicate
displaying comparable results

DISCUSSION

The clinical resistance of glioblastomas to che-
motherapeutic drugs, particularly classic microtubule
inhibiting agents (vincristine, paclitaxel), is well docu-
mented [18]. The present study was undertaken to as-
sess the efficacy of the contemporary microtubule sta-
bilizing agent epothilone B on glioblastoma cells. Data
here has shown that a clinically relevant concentration
of epothilone B induced growth arrest in glioblastoma
cells, a result consistent with the primary mode of ac-
tion of microtubule targeting agents. Additionally, we
observed the promotion of glioblastoma cell death
with epothilone B, a response often observed as a
subsequent event to mitotic growth arrest in tumor
cells exposed to microtubule inhibiting agents. These
findings parallel previous preclinical investigations by
Yoshida et al. (2000) [19] and Dietzmann et al. (2003)
[14] that also demonstrated anti-neoplastic effects
with the microtubule targeting agents estramustine
and epothilone D on glioblastoma cells, respectively.
Furthermore, data here extends previous observations
of microtubule inhibiting agents on glioblastomas by
providing evidence on the involvement of survivin and
p53 in the tumor cell response of this neoplasm.

Microtubule inhibiting agents exert their anti-tumori-
genic effects on cancer cells by inhibiting microtubule
dynamics and function. We therefore examined changes
in alpha-tubulin, a component of the microtubule he-
terodimeric complex. We observed reduced filametous
alpha-tubulin, representative of a disrupted microtubule
network, in epothilone B treated glioblastoma cells.
These data provide evidence that epothilone B induced
changes of tubulin in glioblastoma cells are involved in
our observed cytostatic response. Furthermore these
data suggest that changes in the microtubule network
play a role in the cytotoxic response of glioblastoma
cells treated with epothilone B, changes similarly seenin

aortic smooth muscle cells, lung cancer cells, and leu-
kemia cells that also underwent cell death in response
to microtubule targeting agents [20, 21].

Due to our observation that epothilone B induced
glioblastoma cell death was not preceded by mitotic
growth arrest and the lack of experimental evidence
regarding a direct role of tubulin in drug induced cell
death we examined the role of the anti-apoptotic
protein, survivin. In addition to survivin’s role as an
anti-apoptotic protein, it is also a mitotic regulator
of cell division as a component of the chromosome
passenger complex (Aurora B and Inner Centromere
Protein) at kinetochores, which functions to ensure
proper chromosome and microtubule spindle associa-
tion [15]. Survivin has been shown to co-localize with
microtubules [15, 22] and inhibiting its function has
been shown to promote malformations in microtubule
assembly [22]. Additionally, it has been shown that
glioblastomas express survivin and contributes to the
clinical resistance of this neoplasm to therapy [16].
In light of survivin’s expression in glioblastomas and
its role as a pro-survival protein and mitotic regulator
we examined survivin levels in epothilone B treated
glioblastoma cells in the current study. We observed
a down-regulation of survivin in epothilone B treated
p53 mutant glioblastoma cells; paralleling results in
ovarian cancer cells treated with the epothilone B de-
rivative, BMS 247550 [11] and taxol [17]. Furthermore,
we observed an increase of survivin expression in p53
null glioblastoma cells that underwent growth arrest
post-epothilone B exposure, a response also seen in
taxol treated breast and cervical carcinoma cells [25,
26]. Collectively these data suggest that epothilone
B induces glioblastoma cell death via apoptosis. This
was further supported in the present study by the
presence of fragmented DNA and apoptotic cells bo-
dies with a marker for autophagy or type Il cell death.
In support of our findings Li et al. (2007) [27] also
detected fragmented chromatin and apoptotic cell
bodies with the autophagic marker, acridine orange,
in epidermoid carcinoma cells treated with oridonin.
The identification of apoptotic cells with a marker for
autophagy in the present study can in part be explained
by an established relationship between autophagy
and apoptosis. Although the mechanism underlying
the synergistic relationship between autophagy and
apoptosis are not clear itis established that autophagy
precedes apoptosis during this cooperative mode of
cell death [28]. This sequential mode of cell death
has been described experimentally in oridonin treated
breast cancer cells [29] and lysosome asscociated
membrane protein (LAMP) depleted Hela cells [30].
The detection of fragmented DNA and apoptotic cell
bodies with acridine orange labeling described here
suggests that this sequential mode of cell death is
occurring during epothilone B induced glioblastoma
cell death. It should also be stated that the presence
of fragmented chromatin and apoptotic cell bodies in
p53 nulland wild-type glioblastomas cells suggest that
a small subpoplation of these cells were sensitive to
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drug treatments. Taken together these data support
a pro-survival role for survivin in glioblastoma cells,
whichis likely due to survivin’s function in microtubule
and chromosome stability. However, it should also
be mentioned that studies in breast tumor cells have
identified cytoprotective functions of mitochondria
localized survivin [25], a pool of survivin that may also
be contributing to epothilone B treated glioblastoma
cell responses observed here.

Furthermore, we have shown here that epotholine B
invokes an anti-tumorigenic response in glioblastoma
cells with aberrant p53 expression with limited utility in
p53 wild-type glioblastoma cells. These findings are
consistent with the well established utility of the classic
microtubule stabilizing agent, taxol, which has been
shown in several studies to efficiently induce cell kill in
tumor cells with deficient p53 [31, 32]. Taken together
data from this study provide preclinical evidence for
the use of epothilone B and its analogues in the treat-
ment of primary and secondary glioblastomas with
p53 mutations presentin approximately 30% and 65%,
respectively, of these high-grade gliomas [33, 34].
Additionally, therapeutic agents specifically targeting
tumor cells, particularly glioblastomas, with abnormal
p53 have strong clinical promise due to their ability to
spare normal cells. Future studies from our laboratory
will examine further the relationship of p53 and survivin
in glioblastomas treated with novel microtubule inhibit-
ing agents, as the functional loss of p53 has been as-
sociated with survivin up-regulation [35]. Epotholine
B, is a viable alternative to current taxanes and vinca
alkaloids used in adjuvant and neoadjuvant approaches
for the clinical treatment of glioblastomas.
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AMOTUJIOH B BbI3bIBAET N'MBEJIb KJIETOK N'TMOBJIACTOMbI
NYTEM CHNXEHUA YPOBHA SKCNPECCUN CYPBUBUHA

Kimnnyeckasi pe3uCTeHTHOCTD IIMO0JACTOM K XUMHOTEPANIMU MOXKET ObITh 00bSICHEHA /IEiiCTBHEM HACOCOB, OTKAYMBAIOIIMX Npe-
naparbl, No00HbIe P-IrJIMKONPOTENHY, KOTOPbIE UTPAIOT BAXKHYIO POJIb B CHIZKEHHH 3(()eKTUBHOCTH JIEKAPCTBEHHBIX CPEICTB.
I]eab: n3y4uTh BO3MOKHOCTH IPUMEHEHHUS INOTHIOHA B, He siBaisitonierocs cyoeTpaToM [uisi P-riiMKonpoTenHa, 1)isi BO3/1eiicTBUS
HAa I7IM001aCTOMHBIE KIeTKH. Memodsi: 1 oneHKH 3(heKTHBHOCTH 3MOTHIOHA B KaK aHTHHEOMJIaCTHYECKOTO Npenapara B pa-
00Te in vitro UCTMOJIb30BAHbI KJIETOYHBIE TMHUU IJTM00IACTOMDI, OTJIHYAIOIIHECS N0 cTaTycy p53. /L1 oeHKH YPOBHS 3KCIPeCCHH
TyOyJIMHA M CYPBMBHHA B KJIETKAX, 00pa00TaHHBIX AMOTUIOHOM B, ObLM iCT0/1b30BaHbI MeToabI uMMYHOGLTyopecuenimu u ELISA.
OkpamuBaHue aKPHAMHOBBIM OPaHKeBbIM MPUMEHSLIH IS IeTeKIUH MOTHOIMX KJIeTOK MocJie 00padoTKu AnoTuioHoM B. Pe3y.as-
mamot: KIMHAYECKU JOCTHKMMbIe KOHIIEHTPAIMH MOTHIOHA B 0Ka3bIBAJIM IMTOTOKCHYECKHIi OTBET HA KJIETKH IJIH00JACTOMBI C
MYTAHTHBIM P53 B pe3yJibTaTe CHHKEHUs1 YPOBHSI CYPBMBHHA U Tepepacnpesiesienns Ty0ymHa. B To ke BpeMsi IMTOCTATHYECKHIA
3tdekT HAOMONAIM M HA KJIETKAX [JIM00JACTOMBI, He IKCIPEeCCHUPYIOIMX P53, YTO COMPOBOKAANIOCH HEOOIBIINM MOBBIITHAEM
3KNpPeCcCHH CyPBUBHHA MOCJe 00padoTKM KJIeTOK 3noTuI0HOM B. OHaKo Ha KiIeTKax rino0JacToMbl ¢ pS3 AMKOro THIA He ObLIO
BBISIBJIEHO AHTHOIYX0JIEBOTO 0TBETA HA 3MOTWIOH B. Bbi6odsi: 3noTusion B BbI3bIBaeT pasiMyHblii IPOTHBOOMYXOJIEBbIl OTBET
B KJIETKAX INIM00JACTOMDI, IKCIPECCHPYIOINX MYTAHTHBIIA P53, MO0 OTPUIIATEBHBIX 1O P53. DTO MO3BOJISET NPEANON0KUTD, YTO
3M0TIIOH B sBJIsieTcs a/IbTePHATUBOI KJIACCHYECKMM NPenapaTamM, HHIMOUPYIOIMM MUKPOTPYOOUKH (HANPUMED BUHKPUCTHHY,

NaKJINTAKCENTy), KOTOpbIe HCIOb3YIOT B KJIMHHYECKO# NMPAKTHKE NPH Je4eHHH IIH00JIaCTOM C MyTAHTHBIM O0eJKoM p53.
Karouesvte caosa: rimodiacToma, snoTusion B, cypsusun, 0esiok p53.
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