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Allium polyanthum ve Dosotaxel ile Kombine Tedavinin
Glioblastoma Multiforme Hiicrelerinde Histon Deasetilazlar
Uzerindeki Etkisinin Analizi
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OZET

Amagc: Glioblastoma multiforme (GBM), yiiksek dereceli malignitesi ve tedaviye
diren¢ gelisimiyle bilinen, en agresif beyin tiimorlerinden biridir. Bu ¢aligmada,
antikanser potansiyeli ile bilinen Allium polyanthum ekstresi ile kemoterapétik ajan
docetaxel kombinasyonunun, GBM hiicrelerinde histon deasetilazlar (HDAC’ler)
tizerindeki etkisi aragtirilmigtir.

Yontem: Epigenetik diizenleyiciler olarak goérev yapan HDAC ler, timdr hiicre
proliferasyonu, ve apoptoz siireglerinde 6nemli rol oynamaktadir. Caligmada,
glioblastoma hiicre hattina farkli konsantrasyonlarda Allium polyanthum ekstresi,
docetaxel ve bunlarin kombinasyonlar1 uygulanmustir. Sitotoksisite testleri ile hiicre
canlilig1 degerlendirilmis; ardindan HDAC gen ekspresyonlari, gercek zamanli PCR
(qRT-PCR) ile analiz edilmistir.

Bulgular: Kombine tedavinin, 6zellikle HDACI ve HDAC3 ekspresyonlarinda
anlamli bir azalma sagladigi goriilmiis; bu durum epigenetik diizeyde timor
baskilayict mekanizmalarin aktive olabilecegine isaret etmistir.

Sonu¢: Elde edilen bulgular, Allium polyanthum’'un docetaxel ile birlikte
uygulanmasinin, HDAC’ler araciligiyla glioblastoma hiicrelerinin biiylimesini
baskilayabilecegini ve potansiyel bir destekleyici tedavi stratejisi olabilecegini
gostermektedir.

Anahtar Kkelimeler: Glioblastoma multiforme, Allium polyanthum, histon
deasetilazlar, kombine tedavi.

ABSTRACT

Aim: Glioblastoma multiforme (GBM) is one of the most aggressive brain tumours
known for its high-grade malignancy and development of resistance to treatment. In
this study, the effect of the combination of Allium polyanthum extract, known for its
anticancer potential, and the chemotherapeutic agent docetaxel on histone
deacetylases (HDACs) in GBM cells was investigated.

Methods: HDACs, which act as epigenetic regulators, play an important role in
tumour cell proliferation and apoptosis processes. In the study, different
concentrations of Allium polyanthum extract, docetaxel and their combinations were
applied to glioblastoma cell line. Cell viability was evaluated by cytotoxicity tests and
HDAC gene expressions were analysed by real-time PCR (qQRT-PCR).

Results: It was observed that the combined treatment resulted in a significant
decrease in HDACI and HDAC3 expressions, indicating that tumour suppressor
mechanisms may be activated at the epigenetic level.

Conclusion: The findings suggest that co-administration of A/lium polyanthum with
docetaxel may suppress the growth of glioblastoma cells through HDACs and may be
a potential supportive treatment strategy.

Keywords: Glioblastoma multiforme, Allium polyanthum, histone deacetylases,
combined therapy.
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INTRODUCTION

Cancer is a disease that occurs as a result of
uncontrolled division and proliferation of
cells and accumulation of these cells in
tissues. The disease is not limited to a single
tissue but has the ability to spread to
different organs and tissues.! Different
regions in the body where the disease
spreads are used as an important criterion in
the classification of cancer types. Brain
tumours are also included in this
classification and research on malignant
brain tumours is important in terms of
understanding and treating this disease
group.

Animal models are frequently used in the
laboratory to obtain detailed information
about the formation and development of
malignant brain tumours. The similarity of
animal brain tumours with human brain
tumours is important in terms of defining
clinical parameters  and
developing effective treatment methods.?
Among  gliomas, which constitute

treatment

approximately 60% of primary brain
tumours, Glioblastoma multiforme (GBM),
a WHO grade IV glioma, is the most
common malignant primary brain tumour
with a 5-year survival rate of only 7.2%.3
The high
heterogeneity and isolation by the blood-
brain barrier (BBB) of GBM make
treatment processes difficult. The current
standard treatment protocol starts with
surgical resection and continues with
chemoradiotherapy. However, glioblastoma
cells and glioma stem cells (GICs) develop
resistance to current treatment methods
thanks to their DNA repair abilities, making
the treatment of the disease difficult.*

Cancer treatment is administered alone or in

invasiveness, genetic

combination, taking into account the
patient's general condition, tumour type,

location and accessibility. Combination
therapy is the use of two or more therapeutic
agents together, enhancing efficacy through
synergistic or additive effects compared to
monotherapy. This approach provides
therapeutic benefits in reducing drug
resistance, tumour growth, metastatic
potential and cancer stem cell populations,
and stimulating apoptosis.® In particular, the
combination of chemotherapy, surgery and
radiotherapy plays an adjuvant role that
increases  the  limited  effect of
chemotherapy.® However, despite the use of
microsurgical techniques in surgical
interventions, it is possible that viable
tumour cells remain after the operation and
tumour recurrence is possible.’

Due to the limitations of these treatment
modalities, treatment
approaches are being investigated. The use

alternative

of herbal extracts in complementary and
alternative medicine is increasing.® Among
these plants, especially garlic (Allium
sativum L.) stands out due to its health-
promoting effects. Garlic belongs to
Alliaceae family and originated from
Central Asia and spread to China, Middle
East, Mediterranean and Europe over time.’
Garlic, which has rich bioactive
components, contains organic sulphides,
saponins,  phenolic
polysaccharides.!? It is also rich in vitamins,

compounds and

minerals, protein and fat. Garlic is used both
as a flavouring in kitchens and in the
treatment of many diseases in traditional
medicine. Recent studies have revealed the
antioxidant, cardiovascular protective,
anticancer,

immunomodulatory,

anti-inflammatory,

antidiabetic,
antiobesity and antibacterial properties of
garlic.!!
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Figure 1. Allium polyhantum '

Another important compound of plant
origin 1s docetaxel (DTX) obtained from
Taxus baccata (European yew tree). DTX is
a semi-synthetic compound that stops the
cell cycle by interacting with microtubules,
which shows strong antitumour effect
especially in solid tumours.'>!3 Docetaxel
causes cell cycle arrest and apoptosis by
stabilising microtubules. It was first used in
the treatment of anthracycline-resistant
metastatic breast cancer in the mid-1990s,
and many studies have shown that docetaxel
provides improvement in progression time
and overall survival in patients treated alone
or in combination.'* The fact that DTX is
obtained from plant sources supports the
potential of alternative medicine and the
efficacy of plant extracts in cancer
treatment. DTX is used as secondary
treatment especially in advanced stage and
metastatic tumours and can be applied in
combination with other chemotherapeutic
agents.!>16

In recent years, the role of epigenetic
mechanisms in cancer development has
become increasingly important. Post-
translational modifications of histones play
critical roles in cancer progression by
regulating gene transcription, chromatin
structure and nuclear architecture. Histone
acetylation is controlled by the balance
between histone acetyltransferases (HATSs)
and histone deacetylases (HDACs). HDACs

Compacted Chromatin

eacetylated Histones
stricts transcription

compress the chromatin structure by
removing acetyl groups, thus regulating the
transcription of oncogenes and tumour

suppressor genes.!7?!

The HDAC protein family, which is
categorised in three main classes, has
important roles in the inhibition of cancer
development.?? Especially HDAC1 and
HDAC?2 play critical roles in the regulation
of  processes such as  neuronal
differentiation, learning, memory and
behaviour in the CNS and can be targeted
by inhibitors in cancer cells.?32¢

| Histone Deactylases (HDAC) |

Acetyl-CoA

[Histone acetyl Transferases (HAT)|

Figure 2. Histone acetylation and DNA
binding affinity of histones.?

HDACS3 has been identified as an important
protein regulating the cell cycle and
functions of haematopoietic stem cells.?’
DNA topoisomerase I enzyme, which
works together with this protein family,
plays a role in replication, repair and
transcription by loosening the DNA
supercoil structure. It is active in rRNA
production due to its ribonucleolar density.
Topoisomerase 1 is considered as a
promising target in the treatment of
chemotherapy-resistant and slow-growing
tumours. Studies on inhibitors binding to
topoisomerase [-DNA complexes are
ongoing.?® Recent studies show that this
enzyme also plays a role in viral DNA
genomic integration and the potential use of
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topoisomerase inhibitors in antiviral
therapies.?

MATERIAL METHODS
Plant material

Allium polyhantum used in the study was
collected from Tepekdy and Utiik villages
of Zara district of Sivas province in two
different periods in May and September in
2023.

Preparation of the extracts

The essential oils of the plants were
extracted separately as flowerless whole
stem and flower+stem. Essential oils were
obtained by hydrodistillation of the
specified parts of the plants in the Clevenger
apparatus for 3 hours. The condenser part of
the Clevenger apparatus was connected to
the microhiller device and the cooling water
was kept at 4°C. The yield of the obtained
oil was determined as v/W (mL oil/g plant).
The isolated essential oil was purified from
water on Na2S04 and transferred to amber
bottles for storage until the day of analysis
and stored at -20°C.?

Cytotoxicity activities

The cytotoxic effects of Allium polyhantum
were evaluated on C6 and L1929 cell lines
using the MTT [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium  bromide]
assay. Cells were cultured in DMEM
medium supplemented with 10% fetal
bovine serum (FBS), 1% penicillin-
streptomycin, and 1%  L-glutamine.
Incubation was carried out at 37°C in a
humidified atmosphere containing 5% CO..
Cells were seeded at a density of 1 x 10°
cells per well in 96-well plates. After 24
hours of incubation, the cells were treated
with  Allium  polyhantum at various
concentrations (0.5, 5, 10, 25, 50, 100, and
250 uM). Treatments were applied for 24,

48, and 72 hours. Following each
incubation period, MTT reagent (10 uL of a
5 mg/mL solution in phosphate-buffered
saline) was added to each well and
incubated for 3 hours at 37 °C under 5%
CO.. After incubation, the medium was
carefully removed, and the resulting
formazan crystals were dissolved by adding
100 pL of dimethyl sulfoxide (DMSO) to
each well. Plates were then incubated for 15
minutes at room temperature.Absorbance
was measured at 540 nm using a UV
spectrophotometric microplate reader. All
experiments were performed in triplicate
and repeated using at least three different
cell passage numbers. ICso values were
calculated using GraphPad Prism software,
and corresponding dose-response graphs
were generated.

Cell culture

C6 and L929 cell lines were cultured in
DMEM medium supplemented with 10%
fetal bovine serum (FBS), penicillin (100
U/mL), and streptomycin (10 mg/L). The
cells were maintained at 37°C in a
humidified incubator with 5% CO: and 95%
air. Once the cultures reached 70-80%
confluency, the cells were trypsinized and
seeded into 6-well plates for further
experiments.

Statistical analysis

All  experiments were performed in
triplicate, and the results are presented as
the mean =+ standard error of the mean
(SEM). Data were analyzed differences
were considered statistically significant at
p < 0.05. ICso values were calculated using
GraphPad Prism 8 software (GraphPad
Software, San Diego, CA, USA).
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DISCUSSION

The cytotoxic effects of Allium polyanthum
extract and docotaxel on glioblastoma
multiforme (GBM) cell line were evaluated
by HDACI, HDAC2 and HDAC3 gene
expressions. Results revealed that the
combination treatment provided a more
pronounced suppression of HDAC gene
expression levels and  significantly
decreased cell viability compared to single
treatments. Histone deacetylases (HDACsS)
are enzymes that regulate gene expression
through the chromatin structure of DNA,
and in particular Class I HDACs such as
HDACI, HDAC2 and HDAC3 are
overexpressed in many cancer types.’
Suppression of these enzymes may result in
cell cycle arrest, induction of apoptosis and
slowing of tumour progression.’! In this
study, the significant downregulation
observed especially in the HDACI gene
suggests that it may play an important role
in attenuating the proliferation capacity of
tumour cells. Cytotoxic analyses revealed
that co-administration of  Allium
polyanthum extract with dosotaxel showed
a more potent antiproliferative effect in
GBM cells compared to monotherapy. It is
thought that this synergistic effect may
result from both the direct or indirect effects
of the biologically active compounds
contained in the herbal extract on HDAC
enzymes and the arrest of the cell cycle by
disrupting the microtubule dynamics of
docetaxel.?? It has been reported in previous
studies that some species belonging to the
genus Allium may affect epigenetic
regulation mechanisms through flavonoid
and organosulfur compounds.*

CONCLUSION

The findings obtained show that the
regulatory effect of Allium polyanthum on
HDACs has the potential to increase

apoptosis by disrupting the life cycle of
glioblastoma cells when combined with
docetaxel. In addition, it is thought that
tumour suppressor pathways at the genetic
and epigenetic level may be activated due to
HDAC suppression. However, the fact that
this study was performed under in vitro
conditions limits the generalisation of the
results directly to clinical applications.
Studies measuring HDAC activity in in vivo
animal models and at the protein level are
needed to confirm the findings. In addition,
the inclusion of genes and proteins of
apoptotic pathways in the analysis will
provide a more comprehensive
understanding of the molecular mechanism
of combined therapy.
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