T—

ORIGINAL CONTRIBUTIONS X NeoLOeY

https://doi.org/10.15407/exp-oncology.2024.02.087

A. BOSTANCI ", 0. DOGANLAR > *
! Department of Genetics and Bioengineering, Trakya University, Edirne, Turkey
2 Department of Medical Biology, Faculty of Medicine, Trakya University, Edirne, Turkey
* Correspondence: Email: aytensari@trakya.edu.tr
oguzhandoganlar@trakya.edu.tr

MELATONIN ENHANCES TEMOZOLOMIDE-
INDUCED APOPTOSIS IN GLIOBLASTOMA
AND NEUROBLASTOMA CELLS

Background. The combination of temozolomide (TMZ) and paclitaxel (PTX) is the most commonly used chemo-
therapy regimen for glioblastoma, but there is no specific treatment for neuroblastoma due to the acquired multidrug
resistance. Approximately half of treated glioblastoma patients develop resistance to TMZ and experience serious
side effects. Melatonin (MEL), a multifunctional hormone long known for its antitumor effects, has a great advantage
in combination cancer therapy thanks to its ability to affect tumors differently than normal cells. Aim. This study aims
to evaluate the in vitro inhibitory effects of MEL in combination with TMZ on cancer cell viability and to elucidate
the underlying mechanisms in the glioblastoma and neuroblastoma cell lines. Materials and Methods. C6 (Rattus nor-
vegicus) and N1E-115 (Mus musculus) cancer cell lines and C8-D1A (mice) healthy cell lines were used. Cell prolifera-
tion was evaluated using the MTT test. IC;, values were determined by probit analysis. Two concentrations of TMZ
(ICsq and 1/2 ICy,) were used to induce cytotoxicity in the C6 and N1E-115 cell lines, both alone and in combination
with PXT and MEL (all at IC). The viable, dead, and apoptotic cells were determined by image-based cytometry using
Annexin V/PI staining. The gene expression related to signaling pathways was assessed by the quantitative reverse tran-
scription polymerase chain reaction (QRT-PCR), and key proteins were identified by the Western blot analysis. Results.
MTT assay showed that the combination of TMZ and MEL significantly reduces the viability of both glioblastoma
and neuroblastoma cells compared to the vehicle-treated controls. Notably, MEL combined with 1/2 IC5, TMZ showed
a significant death rate of cancer cells compared to controls and PTX. According to qRT-PCR data, the TMZ + MEL
combination resulted in the upregulation of the genes of antioxidative enzymes (Sod1 and Sod2) and DNA repair genes
(Mlh1, Exol, and Rad18) in both cell lines. Moreover, the levels of Nfkb1 and Pik3cg were significantly reduced follow-
ing the TMZ + MEL treatment. The combination of MEL with TMZ also enhanced the cell cycle arrest and increased
the expression of p53 and pro-apoptotic proteins (Bax and caspase-3), while significantly decreasing the expression
of anti-apoptotic protein Bcl-2. Conclusions. Our findings indicate that the combination of MEL with a low dose of TMZ
may serve as an upstream inducer of apoptosis. This suggests the potential development of a novel selective therapeutic
strategy as an alternative to TMZ for the treatment of both glioblastoma and neuroblastoma.
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Glioblastoma multiforme (GBM, grade IV glioma
by WHO) is the most aggressive type of malignant
glioma in adults. In the standard treatment regi-
men, surgical resection is performed first when
the location and size of the tumor are appropriate
[1—3]. Standard treatment of GBM involves the
initial maximal surgical resection followed by con-
current chemoradiotherapy and adjuvant temo-
zolomide (TMZ) to avoid recurrence and prolong
median survival [4]. TMZ is a second-generation
alkylating agent used in the treatment of GBM.
It promotes cell apoptosis while causing DNA
strand breaks during cell replication [5]. Although
survival progresses positively with chemotherapy
for approximately the first 2.5 months [2], current
therapeutic treatment is a rigid schedule. This
method only slows down the rate of tumor progres-
sion [6], and the average survival time is limited
to approximately 14.6 months [7]. The most nota-
ble obstacles in traditional treatments are the in-
ability to achieve adequate drug absorption in the
brain due to the protective blood-brain barrier and
the inherent resistance of GBM cells to the induc-
tion of cell death [6, 8]. In addition, the presence
of glioblastoma stem cells in a hypoxic tumor envi-
ronment, phenotypic and genotypic heterogeneity,
and abnormal signaling pathways increase the need
for the administration of high doses of chemothera-
peutic drugs, which worsens their side effects [9].
Despite advances in multimodal treatment, includ-
ing high-dose chemotherapy, radiation therapy;,
and stem cell transplantation, the 5-year survival
rate in patients with a high-risk disease is less than
50%, suggesting that new treatment strategies need
to be investigated [10]. For this reason, therapy al-
ternatives and adjuvant treatments with natural
substances have recently begun to be investigated [7].

Neuroblastoma (NB) is a pediatric tumor that
originates from the developing sympathetic ner-
vous system and is responsible for 15% of child-
hood cancer mortality [11, 12]. Treatment proto-
cols for NB are determined according to “risk
group” criteria [10]. The current clinical strategy
of high-risk NB includes multimodal chemo-
therapy, surgical resection, radiotherapy, and im-
munotherapy options. NB has a heterogeneous di-
sease presentation that can regress spontaneously
or lead to fatal outcomes. Although high-risk NB
initially appears to respond to intensive chemo-
therapy, relapses frequently occur, with fatal out-
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comes occurring in approximately 50% of the cases
[13]. This highlights the need for a better under-
standing of disseminated NB and its therapeutic
vulnerabilities [11]. Children who fail first-line
treatment are unlikely to improve with subsequent
treatments and have a dismal prognosis, with sur-
vival rates of approximately 5% to 10% [14].

Paclitaxel (PTX) is a powerful anticancer drug
originating from plants. It acts by providing micro-
tubule stabilization during cell division, leading
to mitotic arrest and subsequent cell death [15].
Combinatorial administration of TMZ and PTX
causes high cytotoxicity and apoptosis in glioblas-
toma cells [16]. It is important to note that PTX,
unlike TMZ, does not cross the blood-brain bar-
rier [17].

Melatonin (MEL, N-acetyl-5-methoxytrypta-
mine) is an endogenous neurohormone secreted
mainly from the pineal gland [18, 19]. MEL sup-
presses tumor growth and development by induc-
ing apoptosis in cancerous cells. It regulates im-
mune system responses and works as an anticancer
agent. In addition, it has been proven by recent
studies that it protects healthy cells, reducing their
potential to develop neoplasms [20]. It has also
been reported to increase sensitivity to chemothera-
peutic agents in resistant types of some cancers [21,
22]. When combined with anti-cancer drugs, MEL
increases the potency of chemotherapeutic treat-
ments [23]. It inhibits multiple pathways that en-
sure survival in tumor cells [24]. We reasoned that
combinatorial treatment with MEL and TMZ may
offer the potential for GBM chemotherapy. There-
fore, successfully combating drug resistance, by-
passing the blood-brain barrier, and delivering
an effective chemotherapy combination may only
be possible with the development of more power-
ful strategies [25]. In our study, we aimed to show
that MEL is a natural potential therapeutic agent
by using it alone or in combination to improve con-
ventional treatments and reduce the unwanted
side effects of chemotherapy on healthy cells [26].
We investigated the effects of the TMZ + MEL and
TMZ + PTX combinations on cell growth and
apoptosis in C6 rat glioma cells, N1E-115 mouse
NB cells, and C8-D1A mouse astrocytic cells. Ad-
ditionally, we evaluated whether the combination
of MEL with TMZ produces a cytotoxic effect
in glioma cells and analyzed the relevant cell death
mechanisms.
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Materials and Methods

Chemicals. Dulbecco's Modified Eagle Medium
(DMEM (319-020-CL), HAM’S F-12 (Ham's F-12
Nutrient Mixture, 318-010-CL), 0.05% Trypsin-
EDTA (352-542-EL), and penicillin/streptomycin
(Gibco) were purchased from Multicell, Wisent Bio
Product, Canada. Fetal bovine serum was obtained
from Capricorn Scientific, Germany. Ethanol and
DMSO were obtained from Merck, Germany. 10X
Dulbecco's phosphate-buffered saline, molecular
grade water (DNAase/RNAase free water), and
power SYBR® Green Master mix were purchased
from Thermo Fisher Scientific, USA. Temozolo-
mide was purchased from Santa Cruz Biotechnol-
ogy, USA. Melatonin and paclitaxel — from Sigma-
Aldrich, USA.

Kits. MTT salt solution (3-4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) (A-3338-56)
was obtained from Biomatik, USA. Tali® Apoptosis
Kit — Annexin V Alexa Fluor® 488 and propidium
iodide, PureLink™ RNA Mini Kit (# 12183018A),
High Capacity cDNA Reverse Transcription Kit
(# 4368813), NuPAGE™ 4 to 12%, Bis-Tris, 1.0 mm,
Mini Protein Gel (# NP0321BOX), 20X Bolt™
MOPS SDS Running Buffer, NuPAGE™ Sample Re-
ducing Agent, 4X Bolt™ LDS Sample Buffer were
purchased from Thermo Fisher Scientific, USA.
The RIPA Lysis Buffer System (# sc-24948) was ob-
tained from Santa Cruz Biotechnology (CA, USA).

Antibodies. The following antibodies were used
in the current study: anti-BCL-2 (N-19) rabbit
polyclonal antibody (# Sc-492), anti-Bax (B-9)
mouse monoclonal antibody (# Sc-7480), anti-
caspase-3 (4.1.18) mouse monoclonal antibody
(# Sc-65497), anti-NFkB p65 (A) rabbit polyclonal
antibody (# Sc-109), and anti-p-IkB-a (B-9) mouse
monoclonal antibody (# Sc-8404). All these anti-
bodies were purchased from Santa Cruz Biotech-
nology, USA. Anti-PI3K p85-a (6G10) mouse
monoclonal antibody (# NBP2-22212) and anti-
beta-actin (NB600-503) was obtained from Novus
Biologicals, USA.

Cell lines and culture conditions. Rat glioma cell
line C6 (ATCC® CCL-107™), mouse NB cell line
N1E-115 (ATCC® CRL-2263™), and mouse astro-
cyte type I cell line C8-D1A (ATCC® CRL-2541")
were purchased from the American Type Culture
Collection (ATCC). Cells were cultured in a nutrient
mixture containing equal proportions of DMEM
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and F-12 medium supplemented with 10% fetal
bovine serum, 100 U/ml penicillin/streptomycin
in an incubator at 37 °C and 5% CO,.

Treatment groups. (1) Control group (n = 4) —
cells were cultured in a medium containing DMSO
at a final concentration of 0.1%;

(2) TMZ group (n = 4) — cells were treated
with TMZ alone (62.5—2000 uM);

(3) TMZ + MEL group (n = 4) — cells were
treated with TMZ (62.5—2000 pM) and MEL
(125—4000 pM);

(4) TMZ + PTX group (n = 4) — cells were treat-
ed with TMZ (62.5—2000 uM) and PTX (0.78—
25 nM). TMZ, MEL, and PTX were dissolved
in 0.1% DMSO.

MTT assay. C6, N1E-115, and C8-D1A cells
were seeded in 96-well plates at a density of 3 x 103
cells/well and incubated for 72 h at 37 °C. The cells
were then treated with TMZ, TMZ + MEL, TMZ +
PTX, or vehicle (final concentration 0.1% DMSO).
Doses containing eight different dilution concen-
trations of TMZ and six different dilution concen-
trations of MEL and PTX were serially prepared
with DNase/RNase-free water, added to the growth
medium, and cultured. A 20 pl of MTT (5 pug/ml)
solution was applied to each well of the drug-treat-
ed plate. After 2—4 h of incubation, the medium
containing MTT was removed. Then, 200 pl of ultra-
pure DMSO was added to each well, and the enzy-
matic dye was allowed to dissolve homogeneously
(30—60 min). After incubation, the absorbance
values were measured at a wavelength of 492 nm
using a spectrophotometer (Thermo Scientific™
Multiskan™ USA). The absorbance values were cal-
culated as the percent vitality. ICs, values were de-
termined by a probit analysis.

Annexin V/propidium iodide staining. To evalu-
ate the apoptotic effects of therapeutic agents, cells
were seeded in 25 cm? flasks in 3 replications.
Combinations of 1/2 IC;, TMZ with PTX or MEL
IC;, at a ratio of 1 : 1 were added to each cell line.
After 72 h, cells were harvested and analyzed with
the Tali® Image-Based Cytometer (Life Techno-
logies, USA).

RNA isolation, reverse transcription, and qRT-
PCR assay. Total RNA isolation of cells was per-
formed using an RNA PureLink® RNA Mini Kit
(Life Sciences, USA) following the manufacturer’s
instructions. cDNAs were amplified using a High
Capacity cDNA Reverse Transcription Kit accor-
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ding to the manufacturer's protocol (ThermoFisher
Scientific, USA). To assess the gene expression le-
vels, the quantitative real-time PCR (qRT-PCR)
was performed using the Applied Biosystems™
QuantStudio™ 5 Flex Real-Time PCR System,
a 384-well system, in accordance with the SYBR
Green qPCR Mastermix protocol. The gene expres-
sions were determined by the threshold cycle num-
ber (Ct) and normalized to the endogenous control
of B-actin using the 2722¢T method and propor-
tionally expressed in comparison with the control.
The primers used in the QRT-PCR are given in Sup-
plementary Table 1.

Western blot analysis. C6 and N1E-115 cells
were seeded at 1 x 10° cells/well in 6-well plates
and incubated at 37 °C in a CO, incubator for 24 h,
followed by the treatment with TMZ, TMZ + MEL,
or TMZ + PTX for 72 h. The cells were collected,
and protein extraction was performed based on the
RIPA Lysis Buffer Kit protocol (Santa Cruz Bio-
technology, USA). Determination of the concentra-
tion of protein samples was performed by measur-
ing UV absorbance at 280 nm. C6 and N1E-115
cells were extracted, separated by 8%—12% poly-
acrylamide gel, and then proteins were transferred
to the iBlot® Transfer Stack PVDF membrane (Life
Technologies , USA). The antibodies were diluted in
an antibody binding buffer according to the band
intensity and incubated with the indicated antibo-
dies overnight under darkroom conditions (+4 °C).
The bound antibodies were detected using the ap-
propriate anti-rabbit or anti-mouse IgG using
a chemiluminescence Western blot substrate kit
(Thermo Fisher Scientific, USA). The intensity
of the bands was visualized and quantified with
a gel imaging system (Bio-Rad ChemiDoc MP Sys-
tem, USA).

Statistical analysis. The spectrophotometric re-
sults of the MTT assay were determined by a probit
analysis. One-way ANOVA analysis was performed
to evaluate the difference between the mean of ex-
pression values obtained by the AACt method for
live-dead and apoptotic cell values, qRT-PCR and
the endogenous control gene -actin, and the rela-
tive fold changes in protein level values were deter-
mined by Tukey HSD. The statistical analyses were
performed using SPSS 20, University License (IBM,
USA) and Graphpad Prism 5 statistical programs.
The differences were considered significant when
p<0.05.
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Results

IC;, values of TMZ, MEL, and PTX. We first de-
termined the IC;, values of TMZ, MEL, and PTX
in C6 and N1E-115 cells using the MTT assay. Cells
were incubated with a vehicle as a control in addi-
tion to TMZ (62.5—2000 uM), MEL (125—4000 M),
and PTX (0.78—25 nM) for 72 h. As shown
in Fig. 1, the IC;, values of TMZ, MEL, and PTX
for C6 cells were 1732.101 uM, 3691.235 uM, and
6.305 nM, respectively. The ICs, values of TMZ,
MEL, and PTX for N1E-115 cells were 1738.404
uM, 2571.413 pM, and 8.604 nM, respectively
(Fig. 1).

A combination of 1/2 IC;, dose of TMZ + MEL
is more effective in inhibiting cell viability com-
pared to full IC;, dose of TMZ + MEL. TMZ and
other drugs together were first applied to C6,
N1E-115, and C8-D1A cells for 72 h (1 : 1 ratio).
In the second set of experiments, half the IC,
dose of TMZ was used in combination with
the IC;, doses of other drugs (1/2 : 1 ratio) in-
both cancer and healthy cells for 72 h. The re-
sults suggested the lowest cell survival in C6
and N1E-115 cells treated with the 1 : 1 IC;,
TMZ + MEL combination. When we evaluated
the application of 1/2 IC5;, TMZ in combination
with MEL or PTX, a much better inhibitory ef-
fect was observed in C6 and N1E-115 cells than
the full IC;) TMZ ratio (Fig. 2, a, b). The impact
of the combination treatment on the survival
of healthy astrocytes (C8-D1A) had the least cy-
totoxic effect in the 1/2 IC;y TMZ + MEL group
compared to the other bunches (Fig. 2, c). There-
fore, a 1/2 IC5, dose of TMZ was used in the fol-
lowing experiments.

Determination of apoptotic cell death by Tali
cytometry analysis. Our analysis revealed that
both 1/21C5, TMZ + MEL and 1/2 ICy, TMZ + PTX
induced cell death as evidenced by an increase
in the percentage of apoptotic and necrotic cells
in C6 and N1E-115 cells. Concomitantly, there was
a significant reduction in the percentage of the live
cells in the groups treated with 1/2 IC;, TMZ +
MEL and 1/2 IC5y TMZ + PTX compared to the
control cells (Fig. 3). Nevertheless, no significant
increase in the apoptotic cell percentage in C6 and
N1E-115 cells treated with 1/2 IC;, TMZ + MEL
and 1/2 IC;, TMZ + PTX compared to control cells
was observed.
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1/21C5y TMZ + MEL treatment affects multiple
signaling pathways in C6 and N1E-115 cell lines.
The study explored the effects of combining TMZ
and MEL treatments on the C6 and N1E-115 cell
lines. The hierarchical clustering analysis of gene
expression data revealed the distinct clustering of
the TMZ + MEL group compared to the control,
TMZ alone, and the TMZ + PTX groups in both
cell lines (Fig. 4). Notably, the treatment with 1/2
ICs, doses of TMZ + MEL for 72 h led to the upre-
gulation of antioxidative enzymes such as super-
oxide dismutase (Sod1) and superoxide dismu-
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ability in the C6 and N1E-115 cell lines
for72h.n=6

tase 2 (Sod2), particularly prominent in the C6
cells (Fig. 5).

In the C6 cell line, the TMZ + MEL combination
triggered the expression of the tumor suppressor
Tp53, a major initiator of apoptosis. This activation
subsequently led to a comprehensive apoptotic sig-
naling cascade, evidenced by increased expression
of the Bax/Bcl2 gene rate as well as the elevated
levels of caspase-3 protein (Fig. 6, a, b). Additional-
ly, Casp8 gene expression was significantly upregu-
lated in the TMZ + MEL group compared to the
control (Fig. 5). In the N1E-115 cell line, the com-
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Fig. 2. The effects of the combinations of TMZ ICs, or ¥ IC5, with MEL or PTX on the viability of C6, N1E-115,
and C8-DI1A cells. % of viable cells was determined by the MTT test. Control — vehicle-treated cells. The doses of
TMZ, MEL, and PTX for C8-D1A cells were as for C6 cells. Data were represented as the mean + SE. One-way ANOVA,
Tukey, HSD test, ** p < 0.01, *** p < 0.001 (TMZ ICy, 1732.101 uM, % ICs 866.051 uM, MEL ICs, 3691.235 uM, PTX
IC,, 6.305 nM for C6 cells, TMZ ICs, 1738.404 uM, % ICs, 869.202 uM, MEL ICy, 2571.413 uM, PTX ICy, 8.604 nM
for N1E-115 cells)
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bination treatments exhibited a strong cell arrest
and an increase in Tp53 gene expression levels.
Moreover, the protein expression of PI3K p85-a in
C6 cells was suppressed proportionally to NF-kB
p65 protein levels, especially under the TMZ + MEL
treatment (Fig. 6, d). Functionally, apoptosis was
induced in both cell lines after TMZ + MEL treat-
ment, which was characterized by the engage-
ment of the mitochondrial apoptosis pathway.
The TNF-a/Casp8 axis was also activated by the
TMZ + MEL combination, contributing to the
apoptotic response observed in the tumor cell lines
(Fig. 5). In contrast, the combination treatments
with TMZ induced a notably low apoptotic signal
in healthy brain astrocytes, with many combina-
tion groups showing no significant change in pro-
apoptotic gene expression compared to the cont-
rol. These findings indicate that the combination
TMZ + MEL treatment exerts profound effects on
multiple signaling pathways. Specifically, it leads
to the upregulation of the DNA repair genes such
as Mlh1, Exol, and Rad18 (Fig. 5), the modulation
of antioxidative enzymes, the inhibition of the Nfkb1
and Pi3k/Akt1 signaling pathways, and ultimately
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induces apoptosis through the caspase-mediated
mitochondrial pathway (Supplementary Tables 1
and 2).!

Discussion

Combinatorial therapies that incorporate natural
ingredients along with traditional treatments like
chemotherapy have shown promise in enhancing
effectiveness and reducing side effects in cancer
treatment, particularly for aggressive tumors like
GBM and NB [27, 28]. In our study examining
combination therapies, we discovered that integ-
rating the natural substance MEL with chemo-
therapy medications like TMZ yields a beneficial
impact on treatment. We have found that using half
the ICs, concentration of TMZ with MEL results
in significant cell death in cancerous cell lines,
especially glioblastoma cells. Our studies show
that this combination is more potent while causing

! You can access supplementary Tables 1 and 2 from this
link (Ogr. Gér. Dr. Ayten BOSTANCI | Personel WEB
Havuzu | T.C. Trakya Universitesi)
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Fig. 5. Relative fold change determined by qRT-PCR analysis of the MIhl, Sodl, Exol, Sod2, Radl8, Hspalb,
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fewer side effects on healthy cells compared to the
typical doses of TMZ alone or with PTX. Mecha-
nistically, the combination treatment induces
apoptotic pathways in cancer cells, contrasting
with PTX-induced necrosis.

Studying human GBM U87-MG and MU1454
cell lines, McConnell et al. [29] discovered that the
treatment with TMZ alone led to a 40% decrease
in cell proliferation. However, combining 100 uM
TMZ with 1 mM MEL resulted in a more signifi-
cant reduction, with cell proliferation lowering
by 60% compared to the control group. This out-
come is linked to MEL capacity to elevate intracel-
lular ROS levels and trigger oxidative stress in hy-
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poxic cancer cells, notably those prevalent in brain
tumors like glioblastoma [30, 31]. Research has in-
dicated that the application of MEL is linked
to an elevated production of ROS, primarily within
mitochondria. This outcome was linked to diffe-
rent respiratory mechanisms, with a notable in-
crease observed in the hypoxic conditions within
cancerous cells [32, 33].

Genomic analyses further elucidated the upre-
gulated expression of DNA repair genes (e.g. MIhl1,
Exol, Xrcc3, and Neil2) in response to TMZ + MEL
treatment, indicating robust DNA damage respon-
ses in cancer cells. Additionally, MEL augmented
heat shock responses and mitochondrial Hsp60
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levels, while suppressing NF-«kB signaling, there-
by promoting apoptosis in glioblastoma cells
and attenuating survival mechanisms.

The tumor suppressor protein p53 is a critical
regulator of cellular stress responses, particularly
in the induction of apoptosis [34]. Its activation
leads to a series of events where Bax is upregulated,
promoting the mitochondrial outer membrane per-
meabilization (MOMP) and the subsequent release
of cytochrome c into the cytoplasm. This initiates
the formation of the apoptosome and activation
of caspase-3, culminating in apoptosis [35]. The fin-
dings revealed that TMZ and its combinations,
especially with MEL, significantly increase p53 ex-
pression, thereby promoting apoptosis. This was
evidenced by the increased expression of the down-
stream pro-apoptotic genes such as Bax and Cycs
and elevated levels of caspase-3 protein, all of which
are key components of the intrinsic apoptotic path-
way. In C6 cells, the TMZ + MEL combination not
only triggered the intrinsic pathway but also acti-
vated the extrinsic pathway, as indicated by the up-
regulation of TNF-« and Casp8 gene expression.
This dual activation suggests a robust apoptotic re-
sponse, enhancing the therapeutic efficacy of the
treatment. Furthermore, the synergistic effect ob-
served with the TMZ and MEL combination indi-
cates that MEL potentiates the p53-mediated apop-
totic pathway, further supporting its role as an ad-
juvant in cancer therapy. Dramatically, in N1E-115
cells, while p53 expression increased in respon-
se to TMZ and its combinations, the activation
of the mitochondrial apoptotic pathway was less
pronounced compared to C6 cells. This suggests
cell-type-specific differences in apoptotic signaling,
where the extrinsic pathway might play a more
dominant role in N1E-115 cells. The increased
Tp53 levels and associated cell cycle arrest in these
cells imply that p53 also contributes to growth in-
hibition, adding another layer to its tumor suppres-
sor function. The data aligns with the literature
where TMZ-induced apoptosis in glioblastoma
cells involves Tp53 activation and subsequent mi-
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MEJIATOHIH HIJICUTIOE ATIOIITO3, IHTYKOBAHVI TEMO3O/IOMIJIOM,
B KJIITYHAX ITTIOBTACTOMM 1 HEVIPOBJIACTOMI

Cran nurtanHa. CronydeHHs Temosonominy (TMZ) ta maknitakceny (PTX) 3asBuuail € HajfqacTile 3aCTOCOBaHUM
pexuMoM XimioTepamii Ay iKkyBaHHA XBOPUX Ha rmio6mactoMy. OTHaK IPMONUSHO Y IOTIOBYHY XBOPYUX PO3BIBAETH-
cs cTiiikicTs o TMZ. lo TOro X, 3aCTOCYBaHHSA LUX 3aC00iB CYIIPOBOIXKYETLCS CEpPiiO3HIMY MOOIYHIMY eeKTaMuL.
Menaronin (MEL), 6araTodyHKIiOHa/IbHIIT TOPMOH, MOXe OyTH KOPUCHUM y KOMOIHOBaHiil IPOTUIIYX/IMHHIN Tepa-
Iii, OCKiZIbKM BiH BIZIMBA€ Ha MYX/IMHHI KJIiTMHY BiMiHHO BiJi HOpMa/JbHMX KIiTHH. MeTa mossArana B JOCTiIPKeHHI
in vitro inribyBanproro edexry MEL y cionyyenni 3 TMZ Ha BIODKMBaHICTb ITyX/IMHHMX K/ITHH I7TI06/1aCTOMM 1 Hel1po-
6rmacromu. MaTepianu Ta MeTomi. Y JOCTiKeHHI BUKOPUCTOBYBa/IM yX/MHHI KniTuanm niniit C6 (Rattus norvegicus)
ta N1E-115 (Mus musculus), a Takox knituan C8-D1A HopmanbpHuX acTporutiB Muiieit. [Iponidepariito KIiTuH orgi-
nioBanu B MTT tecti. ICy, 06paxoByBanu 3a gomomorowo npobir-ananisy. [I8i konuentpauii TMZ (ICs, ta 1/2 ICs)
3aCTOCOBYBA/INM 1A iHAYKLII IMTOTOKCUYHOCTI B JOCII/KYBAaHUX JIHIAX KIITVUH, a TAKOX AOCTIIpKyBanyu BIms TMZ
y cnonydenHi 3 PXT a6o MEL. Ananis iHfyK1jil anonTo3y npoBOAKUIN METOLOM IIPOTOYHOI LIMTOMETPIl i3 3acToCyBaH-
HAM aHEKCHHY Ta Iporifio itoguay. Excrpeciio TeHiB, 3a/y4yeHNX 10 NeBHUX CUTHA/JIbHUX IUIAXIB, OLiHIOBANIN Ki/lb-
KiCHOIO IT0/TiMEpa3HOI0 JIAaHIIOTOBOIO peakijiero 3i 3B0poTHOI0 TpaHckputiieo (QRT-PCR), a excripecito BigmosigHux
6inkiB BM3Ha4a/mM BecTepH-0/10T aHamizoM. Pesymprarn. 3a ganumu MTT Tecty TMZ y cnonydenni 3 MEL cyTreBo
SHIDKYE KUTTE3NATHICTD MyXIMHHKX KniTiH. 3a fanuMy qRT-PCR Take crionyyeHHs IpUBOAUTD [0 MiTBUILEHHA eKC-
npecii TeHiB aHTHOKCHAAHTHUX (epmenTiB (Sodl, Sod2) Ta renis pemapanii JHK (Mlhl, Exol, Radl8) B 060X miHisx
OyXIMHHMX KTiTvH. [Ipn 1boMy 3HaYHO 3HIDKYEThC piBeHb ekcrpecii Nfkbl Ta Pik3cg, 30inbIIyeThCst 3aTpuMKa KIIi-
THUH 3a dasaMi LUKy, MifBUIIYETbCS eKcIpecia p53 Ta nmpoanontornyHux 6inkis (BAX ra kacmasa-3). BucHoBKu.
Cnonyuennsa MEL 3 Husbkoto o300 TMZ Moske nmifiBuIyBaTy iHAYKIIiIO allONTO3y B IYX/IMHHUX KITHHAX, 1[0 MOXKe
B IIEPCIIEKTVBI CTAaTU albTePHATUBOIO 3aCTOCYBaHHA camoro e TMZ y nikyBaHHI XBOPUX Ha ITI06/1aCTOMY.

KirouoBi cnoBa: MenaToHiH, I1io61acToma, Heifpo6macToMa, TeMO30/IOMI,.

100 ISSN 1812-9269. Experimental Oncology 46 (2). 2024





