UNIVERSITY OF MEDICINE AND PHARMACY CRAIOVA
PhD SCHOOL

PhD THESIS

INOVATIVE APPROACHES IN THE TREATMENT OF
ASTROCITIC BRAIN TUMORS: MOLECULAR THERAPY AND
CELLULAR APOPTOSIS
PhD COORDINATOR:
Prof. Univ. Dr. Doina Cârstea
PhD STUDENT:
Dr. Ada Maria Georgescu

CRAIOVA
2018

TABLE OF CONTENTS
INTRODUCTION .............................................................................................................6
THE DIAGNOSIS OF GLIOBLASTOMA......................................................................... 7
2. TREATMENT OF GLIOBLASTOMA...........................................................................12
2.1 SURGICAL MANAGEMENT.....................................................................................12
2.2 RADIOTHERAPY ....................................................................................................16
2.3 CHEMOTHERAPY...................................................................................................18
2.4 MOLECULAR TARGETED THERAPY.....................................................................20
2.5 NATURAl DYE PRODUCTS ....................................................................................25
PERSONAL CONTRIBUTIONS ....................................................................................30
STUDY OBJECTIVES....................................................................................................30
3.MATERIALS AND METHODS ....................................................................................31
3.1 CELL LINES AND CULTURES................................................................................31
3.2 MOLECULAR TARGETED TREATMENTS ............................................................33
3.3 ANALYSIS OF THE TREATMENT EFFECT............................................................34
3.4 STATISTICAL ANALYSIS .......................................................................................36
4. RESULTS ..................................................................................................................37
4.1 EFFECTS OF NATURAL AND SYNTHETIC DYES ON GBM CELL LINES ...........37
4.2 THE EFFECT OF CURCUMIN TREATMENT ON PRIMARY GBM LINES AND
CORRELATIONS WITH GROWTH SPEED AND DOUBLING TIME ............................47
4.3 EFFECTS OF ANTI-EGFR MOLECULAR TREATMENT ON THE VIABILITY OF
GBM CELL LINES AND ACTIVATION OF CASPES.................................................... 54
4.4 THE EFFECT OF THE LIGUSTRUM VULGARE HYDROALCOOLIC EXTRACT IN
MONOTHERAPY OR ALONGSIDE TEMOZOLOMIDE ON GBM CELL LINES ...........60
5. DISCUSSION ............................................................................................................69
6. CONCLUSIONS ........................................................................................................78
REFERENCES ..............................................................................................................80
Keywords: High-grade gliomas, Curcimine, Heliantine, Temozolomide, Ligustrum
Vulgare

STATE OF KNOWLEDGE
Over 120 types of tumors of the nervous system have been reported in current
medical literature. These tumors may arise in different areas of the brain, develop from
different cell types and may have different therapeutic options. Astrocytic tumors derive
from cells called astrocytes and are the most common type of brain cancer.
Astrocytomas make up about 80% of brain tumors, and about 75% of them are
glioblastomas (GBM), highly aggressive high-grade tumors.
Despite the high number of discoveries made in oncology, survival for patients
with GBM has remained unchanged in recent years. Lack of early diagnosis due mainly
to nonspecific signs and symptoms, high heterogeneity of tumor populations found
within the same tumor, inability of the major therapeutic agents to cross the blood brain
barrier (BBB), limiting the therapeutic options,has had a major contribution to the slow
progress of developing new treatments for this type of tumors. An important step would
be to discover the intrinsic mechanisms that give the GBM its particularly aggressive
phenotype characterized by rapid progression, resistance to treatment and high
heterogeneity. This rapid evolution’s main promoter is somatic evolution, a process
based on the progressive accumulation of mutations that give the cancer cell more and
more distinct characteristics from those of a healthy cell. This development also
involves tyrosine kinase receptors (RTKs) and their ligands, their particularly important
role being linked to increased replication, invasion of surrounding tissues, promotion of
angiogenesis, apoptosis inhibition and distant metastasis. Various therapeutic agents
targeting these cellular structures have produced a major impact in the treatment of
other cancers such as colon cancer, non-small cell lung cancer or melanoma.
Unfortunately, the results could not be transposed to malignant gliomas where survival,
disease free progression and quality of life were not improved by the introduction of
these new therapies. An approach that is becoming more popular is the use of natural
dyes as complementary treatment in various cancers.
Natural compounds extracted from plants are being used at an increasing rate in
the treatment of cancer, particularly in the form of chemotherapeutic drugs. Many of the
anticancer drugs used in recent decades are obtained directly from plants or are
synthetic products derived from natural compounds. Agents such as vinca alkaloids
(vincristine, vinblastine, vinorelbine and vindesine) are extracted from Catharanthus
roseus, taxanes (paclitaxel) extracted from the Pacific yeast tree bark while
topoisomerase I and II inhibitors (irinotecan, extracted from the Camptotheca acuminate
Chinese ornamental tree and etoposide, extracted from wild mandarin Podophyllum
peltatum) have been proven to be among the most effective anticancer drugs. Other
agents, such as catechins (3-gal-epigallocatechin) extracted from green tea, the
isothiocyanates found in cruciferous vegetables, isoflavones (pomiferina) have shown to
have anti-tumor effects in both in vitro and in vivo experiments.
Curcumin (Difluolmethane) is a polyphenol derived from the rhizome of the
Curcuma Longa plant, known as turmeric. Turmeric has been used since ancient times

(over 2000 years ago) in Ayurvedic Indian medicine to treat a wide range of disorders
such as infections, burns, allergies, rheumatism, liver disorders and many more [1, 2].

PERSONAL CONTRIBUTIONS
OBJECTIVES OF THE STUDY
Objective no. 1 Effects of natural and synthetic dye compounds on GBM cell
lines. Dye compounds are natural products (curcumin, quercetin) or synthetic
(helianthin, methyl yellow, methyl red) which is a promising new category of antitumor
drugs. In recent years, these substances have captured the attention of the scientific
community because of their cytotoxic effect on malignant cells and their favorable in
vivo toxic profile.
In study no. 1 we investigated the ability of curcumin and heliantin to inhibit the
growth of malignant glioma cells in vitro. The cells were exposed to progressive doses
of curcumin and helicin, respectively. The concentrations of the two coloring compounds
studied ranged from 0.1 µM to 150 µM. Proliferation rates were assessed 3 days after
treatment by performing the MTT assay.
Objective no. 2. Effect of curcumin treatment on primary GBM lines and
correlations with growth rate and doubling time
Curcumin is a yellowish-orange natural dye that has been shown minimal toxicity
in humans and is considered safe for human use; no toxicity associated with drug
administration at doses up to 10 g / day has been reported. We also analyzed the effect
of curcumin on three low passage GBM cell lines: GB3B, GB4B and GB5B. To examine
the effect of the drug on cell viability, the cells were exposed at increasing doses of
curcumin (0.1, 1, 2, 5, 10, 20, 50, 100 and 150 µM) for three days and the inhibitory
effect was quantified by counting cells using a Burker haemocytometer.
Objective no. 3 The effect of targeted anti-EGFR targeted treatment on the
viability of GBM cell lines and on caspase activation.
As a result of the frequent disruption of EGFR in HGG, this receptor represents a
promising therapeutic target in these tumors. AG556 is a synthetic small molecule
inhibitor of EGFR activity. In study no. 3, we investigated the ability of this substances to
inhibit growth of HGG cells in vitro. For this purpose, MTT cell proliferation assays were
performed on three HGG cell lines: 8, 18 and 38. Cells were exposed to progressive
doses of AG556 (10 µM, 20 µM, 30 µM), and the cytotoxic effect of the inhibitor was
evaluated after three days.
Objective no. 4 Effect of Ligustrum Vulgare (LV) Hydroalcoholic Extract (HALE)
alone or together with Temozolomide on GBM cell lines.
In the study no. 4 we analyzed the effect of LV HALE on a number of four cell
lines derived from brain tumors in vitro. Further, we analyzed the effect of the
combination of LV HALE and TMZ chemotherapeutic agent in the four cell lines.

RESULTS AND DISCUSSIONS
Frequent genetic alterations encountered in gliomas result in aberrant activation
of mitogenic signaling pathways that govern cellular proliferation, cell survival (apoptosis
and necrosis), invasion and angiogenesis. In high-grade brain tumors, the most
frequently activated proto-oncogene, by either amplification or mutation, is EGFR. Thus
a series of EGFR receptor-specific inhibitors are under development or in clinical trials
for the treatment of GBM. The most common mutant form of EGFR in GBM is the
receptor variant III (EGFRvIII), which exhibits constitutive activation independent of
ligand binding. In addition, the presence of EGFRvIII has been associated with
increased human GBM tumorigenesis by reducing apoptosis and increasing
proliferation.
Previous studies have shown that both curcumin and heliantin interact with
EGFR, diminishing its activity. In our study, we analyzed the antiproliferative and
apoptotic effect of curcumin and heliantin treatment on the low pass GBM cell line
GB10B, in vitro. The major advantage of this approach is the high availability of these
products, the particularly low toxic profile and the low costs involved in such treatment.
Clinical protocols are often preceded by preclinical cytotoxicity studies using
immortalized cell lines. However, immortalized cell lines are often incapable of
reproducing the original features of the tumor. Also, high passage cell lines tend to
accumulate a series of genetic mutations, changes in cell morphology, proliferation rate
and expression of dysfunctional proteins [3, 4]. In this study we used a low-pass GBM
line obtained in our laboratory from fresh tumor tissue.
The maximum antiproliferative effect of the drug was obtained using the 100 µM
dose and determined a 77% reduction in cell viability. This curcumin concentration of
100 µM is considered safe since turmeric has been used in the Indian diet for thousands
of years and has shown no toxicity when administered at doses up to 10 g per day.
Compared to curcumin, helianthin has so far been studied only on high-grade
glioma cell lines in vitro. In fact, we have shown in previous studies that the substance
induced apoptosis in several high-grade glioma cell cultures [5]. In this study we found
out that 100 µM helianthin induced a drastic decrease in cell viability, killing 85% of
GB10B cells. Thus, our data showed that helianthin had a greater cytotoxic effect on
GB10B cells compared to the naturally occurring coloring compound curcumin. In line
with our previous work, we noticed that 1 µM heliantin killed about 40% of our GB10B
cells [5].
Caspases are a family proteases of that bring several key links in cell regulatory
pathways that control programmed cell death also known as apoptosis. It is a well
known fact that GMB cells present frequent disruptions of the mechanisms involved in
regulating apoptosis [6].
In our paper we investigated the ability of curcumin and helianthin to induce
apoptosis in GB10B cells. It is already known that curcumin is able to induce apoptosis
in GBM by activating pro-apoptotic proteins and inhibiting anti-apoptotic signals. The
drug is also involved in the activation of non-apoptotic autophagia, induction of
differentiation cascade signaling, inhibition of matrix metalloproteinases (MMPs) and
gene expression of the glucose 6-phosphate transporter (G6PT) and also activation of
proteolytic pathways [7-9]. In this study we noticed that after treatment of GB10B cells
with curcumin, caspase 3 became active 12 hours after treatment and remained active

until 48 hours after drug administration. Caspase 8 was active from 4 hours to 12 hours
after curcumine administration while caspase 9 became active 4 hours after drug
administration and remained activated until 48 hours after curcumin administration.
In our previous studies, we reported that heliantin treatment was associated with
PARP degradation without affecting Bcl-2 protein expression in high-grade glioma cell
lines [5]. In this study we noticed that helianthin activated caspase 3 in GB10B cells only
12 hours after drug administration. Caspase 8 became active 4 hours after drug
administration and remained active until 48 hours after. Unlike caspase 3 and 8, early
caspase 9 activation (4 hours after treatment) was detected, increasing activity
successively until the end of treatment. These results suggest that treatment with
curcumin and helicin can induce programmed cell death in GB10B cells by activating
the pathways of both extrinsic and intrinsic apoptotic pathways. However, further
studies are needed to better understand the apoptotic mechanisms produced by this
substance class in GBM.
In order to evaluate the effect of treatment with curcumin and how it correlates
with growth rate and doubling time (DT), we used three low passage primary cell lines
isolated from GBM tumors (GB3B, GB4B and GB5B) in our study. The proliferation rate
was approximately the same for all three cell lines. In fact, GB3B cell DT was found to
be shorter than that of GB4B and 10 hours shorter than GB5B, but the difference
between them was not statistically significant. All studied cell lines responded in a dosedependent manner. The lowest curcumin concentration that determined the death of
GBM cells was 1 µM for all cell lines, the cytotoxicity being 4%. The highest curcumin
concentrations used in our study were 150 µM which drastically reduced cell viability to
24.5% in GB3B, 11.8% in the GB4B line and 11% in GB5B cells.
Preclinical studies have shown that it is possible to anticipate cellular response to
drug therapy with curcumin correlating IC50 with DT measurements for each cell line
[10]. Unfortunately, we did not notice a statistically significant correlation between
curcumin IC50 values and DT (P = 0.2, P = 0.552) for the GBM cell lines used in this
study. For example, the GB4B cell line which showed the highest IC50 value did not
show different DTs when compared to GB3B and GB5B. Furthermore, the GB5B cell
line with the longest DT was not the least sensitive to curcumin. The mechanism of
action of curcumin on GB cells may probably explain this result. It is known that several
targeted anti-neoplastic agents act by inactivating malignant cell survival structures
(e.g., growth factor receptors, apoptosis activators, etc.) that can not be directly linked
to cell growth rate or DT. In this context, curcumin-induced cell death in malignant
glioma cells is due to the interference of the therapeutic agent with vital structures of
tumor growth and progression.
In the second part of the study, we analyzed if AG556 is capable of activating
caspases 3, 8 and 9 in cell lines 8, 18 and 38. For our experiments, we used 3 highgrade immortalized cell lines: 8, 18 and 38. HGG cells responded in a dose-dependent
manner to EGFR inhibition using AG556. In cell line 18, the cytotoxic effect for 30 µM
AG556 was 36%, whereas in line 38, the decrease in cell survival was about 26.5%.
The most potent cytotoxic effect of the 30 µM AG556 dose was obtained in cell line 8, at
around 38.3%.
While treatment with AG556 activated caspase 3 in all 3 cell lines, 3 hours after
treatment and remained active for 24 hours, the treatment failed to activate caspase 8 in

cell line 38. However, in cell lines 18 and 8, administration of AG556 caused activation
of caspase 8. This protease was activated 3 hours after treatment and remained active
for up to 24 hours.
Several studies have highlighted the role of herbal extracts in the treatment of
cancer [11]. In our study, we found that LV HALE exhibited inhibitory properties on
primary cerebral tumor cells in vitro. It is known that ligustrum species contain different
active molecules, such as flavonoids, secoyridoids, mono- and triterpenoids, coumarins,
polyphenolic carboxylic acids and derivatives, lignans and proteins [12].
For our experiment, we used four low passage cell cultures derived from primary
cerebral tumors: three cell lines derived from HGG-GBM (GB1B, GB2B and GB8B) and
a cell line derived from a LGG tumor (Grade II astrocytoma) (AC1B).
The results of our study have shown that LV HALE induced cell death in human
glial cells in a time and dose-dependent manner. LGG AC1B cells were more
susceptible to treatment with LV HALE compared to GBM-derived GB1B, GB2B or
GB8B.
In our study, we found that treatment with EHAL LV induced caspase 3 activation
in all GBM cell lines. However, we noticed that the treatment effect was more
pronounced in the GB1B and AC1B cell lines in which caspase 3 was activated at 48h
and 72h after LV HALE administration, while in the GB2B and GB8B cell lines, caspase
3 was activated only 48 hours after treatment. In normal human HUC-1 stem cells,
caspase 3 was activated only 72 hours after drug administration.
Several studies reported that concomitant use of various compounds had a
synergistic effect on tumor cytotoxicity and prolonged survival of brain cancer patients.
Gliadel, a biodegradable polymer containing the bis-chloroethylnitrosourea (BCNU)
alkylating agent, in combination with radiation, chemotherapy and surgery, produced
results in the treatment of high-grade malignant glioma [13]. Preclinical studies have
suggested that medicinal herbs in combination with TMZ have been useful for the
treatment of cancer, including brain tumors [14].
Our results showed that LV HALE had a clear impact on the viability of brain
tumor cells, and additionally, the combination of LV HALE and TMZ resulted in an
enhanced cytotoxic effect as expected. Even though combined treatment was stronger
than single agent treatment, more data is needed to support the effectiveness of the
combination of drugs.

CONCLUSIONS
Study no. 1 Effects of natural and synthetic dyes on GBM cell lines.
This study demonstrates that treatment with curcumin and helicin induces cell
death in GBM cells in vitro, and helianthin exhibits an antiproliferative capacity superior
to curcumin. We also found that treatment with curcumin and helianthin caused
activation of caspase 3, 8 and 9 in GB10B cells. At this point, more studies are needed
to conclude if curcumin and helianthin could be effective chemotherapeutic agents in
vivo.
Study no. 2. Effect of curcumin treatment on primary GBM lines and correlations
with growth rate and doubling time.

In our study, we found out that curcumin kills GBM cells in vitro in a dosedependent manner. Unfortunately, we did not notice a statistically significant correlation
between the IC50 and curcumin DT (P = 0.2, P = 0.552) for the GBM cells used in this
study.
Study no. 3. The effect of targeted anti-EGFR treatments on the viability of GBM
cell lines and on caspase activation.
In our paper we found out that treatment with AG556 produced similar cytotoxic
effects in the high grade 18 and 8 malignant glioma cell lines, while in cell line 38, drug
efficacy was more limited. The drug was able to activate caspases 3, 8 and 9 in cell
lines 18 and 8. In cell line 38, administration of AG556 only activated caspase 3 and 9,
while caspase 8 remained inactive. All of these experiments have once again
demonstrated that EGFR remains a promising target in HGG therapy, and small
molecule inhibitors such as AG556 can be used as personalized therapies.
Study no. 4 Effect of Hydroalcoholic Extract of Ligustrum Vulgaration alone or
together with Temozolomide on GBM cell lines
Our results showed that LV HALE had a clear impact on the viability of brain
tumor cells and, moreover, the combination of LV HALE and TMZ resulted in an
enhanced cytotoxic effect, as expected. Even though combination treatment was
stronger than single agent treatment, more data are needed to support the efficacy of
the drug combination.
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