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Chapter 1

1.1. Introduction

Glioma is the term used to represent a group of lethal brain tumors originating from
glial cells. They are regarded as most feared type of cancer due to their poor prognosis and
dreadful effect on quality of life and cognitive functions of patients. Even though they occur in
children they are most common in adults aging between 60 and 80 years, and the incidence
increases with the aging of patients. They are more common in men than in women. Gliomas
account for 30% of Central Nervous System (CNS) tumors and 80% of primary brain tumor.
It has an annual incidence of 5.26 per 100,000 population. Every year most patients die within
16 months of diagnosis. In spite of significant amount of advances made in understanding the
molecular mechanisms of glioma, notable improvement in imaging, surgery and radiotherapy,
discovery of new promising drugs and targeted therapy, the overall prognosis and survival of

glioma patients remains poor.

1.2. Classification of glioma and its characteristics

The term “glioma” was coined by Rudolf Virchow in the year 1860. Gliomas were first
classified by Bailey and Cushing in 1926 based on histogenetic properties (Bailey and Cushing,
1926). Presently, the gliomas are classified based on WHO (World Health Organisation)
guidelines. WHO has grouped gliomas into astrocytomas, oligodendrogliomas, ependymomas
and oligo-astrocytomas based on the cell type they resemble (Louis et al, 2007). For
convenience, each group is divided into different grades based on the malignant features like
size of tumor and extent of penetration into adjacent tissue. Based on the grade of malignancy
oligodendrogliomas and oligoastrocytomas are divided into grade 1l and grade Il tumors. On
the basis of degree of un-differentiation, anaplasia and aggressiveness, WHO has divided
astrocytomas into four histological grades: Pilocytic astrocytoma (grade 1), Diffuse
astrocytoma (grade Il), Anaplastic astrocytoma (grade I11) and Glioblastoma multiforme or
GBM (grade IV) (Louis et al, 2001; Okada et al, 2009). Grade | and 11 tumors are regarded as
low grade tumors due to their complete curability and longer survival period of 10-15 years
whereas grade Il and grade IV tumors are high grade tumors since they recur even after
treatment and have shorter survival of 1-3 years (Kleihues and Cavenee, 1997; Kleihues and
Cavenee, 2000).

Pilocytic astrocytomas (grade I) are most common in children and they account for 5-
6% of all glial tumors and constitute 20% of all childhood brain tumors (Rosemberg and

Fujiwara, 2005; Rickert and Paulus, 2001). These tumors are benign, slow growing, having
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well demarcated boundary with excellent prognosis. 90-97% of patients show 10 year survival
period (Giannini and Scheithauer, 1997; Burkhard et al, 2003; CBTRUS, 2005). They mostly
develop in cerebellum and often in optic pathway and brain stem having bad consequence
(Fernandez et al, 2003). The recurrence and malignant transformation of these tumors in
children is very rare where as in adults 30% of patients show tumor recurrence and progression
into anaplastic astrocytoma is obvious (Ellis et al, 2009). These tumors show histological
features like compact biphasic pattern, oligodendroglial morphology, glomeruloid vasculature,
heterogeneity in cellular density, cellular pleomorphism and microglial distribution (Tibbetts

et al, 2009). These tumors can be cured by complete surgery.

Diffuse astrocytomas (grade Il) are slow growing tumors but show tendency to
progress into high grade malignant tumor. They account for 5-10% of all glial tumors and are
most common between 30-40 years age group. Patients with these tumors show median
survival of 6-8 years (Ohgaki and Kleihues, 2005). These tumors are characterized by high
degree of cellular differentiation, diffuse infiltration into neighbouring parenchyma, absence
of microvasculature, whereas necrosis and single mitosis may or may not be present. 50-80%
of grade Il diffuse astrocytoma are associated with molecular changes like mutations in TP53
and IDH1/2 (Felix et al, 1995; Ichimura et al, 2009). In some of the grade Il tumors copy
number changes in chromosomes like 7q, 8q, 9 and 19 have been identified (Hirose et al, 2003).

Anaplastic astrocytomas (grade I11) comprise 10-15% of all glial tumors. These
tumors may arise from grade Il tumors and are common in children and are termed as
secondary. In adults grade Ill tumors arise de novo and are termed as primary. In general,
anaplastic astrocytoma shows high cellularity, distinct nuclear atypia and increased mitotic
activity with no obvious micro vascular proliferation and necrosis. These tumors comprise of
cells with elongated or irregular, hyperchromatic nuclei and eosinophilic, glial fibrillary acidic
protein (GFAP)-positive cytoplasm. They have high rate of TP53 mutation, RB alteration and
chromosomal aberrations like p16, p19 deletion and LOH on 19q (Nupponen et al, 2006; Von
Deimling et al, 1993). These tumors display high tendency towards development into GBM.

Glioblastoma multiforme (GBM) is regarded as the most malignant type of glioma
and it accounts for 60-70% of all glial tumors. Multiforme word describes the heterogeneity of
tumor in clinical features, pathology, genetic alterations and response to treatment (lacob and

Dinca, 2009). GBM is characterized histologically by extensive cellularity and mitotic activity,
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vascular proliferation and necrosis. Further, tumor area is composed of various types of cells
in various differentiation stages, proliferative endothelial cells, macrophages and cells of
healthy parenchyma. Tumor cells are polymorphic having nuclei of various shape and size.
GBM exhibits a typical kind of necrosis called “pseudo palisading” necrosis in which necrotic
area is compactly encircled by tumor cell nuclei. These tumors are highly invasive and invade
into surrounding parenchyma thereby accumulating around blood vessels and neurons. GBM
is classified into primary and secondary GBM. Primary GBM arise de novo from neural
precursor cells whereas secondary GBM develops from low grade Il and 11l tumors with step
wise accumulation of genetic alterations. 90% of GBMs are primary and the patients with
primary GBM are older (~55 years) than that of secondary GBM (~39 years) (Ohgaki and
Kleihues, 2013). Patients with primary GBM have worst outcome and lesser survival period
compared to secondary GBM patients. Histopathologically both the GBM are
indistinguishable, but they differ in genetic alterations (Ohgaki and Kleihues, 1999). EGFR
(Epidermal Growth Factor Receptor) amplification, PTEN (Phosphotase and tensin homolog)
and loss of chromosome 10 are more frequent in primary GBM whereas in secondary GBM
most common genetic alteration include isocitrate dehydrogenase-1 (IDH1) mutations, TP53
mutations, and 199 chromosome loss (Watanabe et al, 1996; Verhaak et al, 2010; Yan et al,
2009; Furnari et al, 2007).

1.3. Initiation of glioma

The origin of glioma is not well understood and various hypothesis have been proposed
to describe this problem. As we know specific cell types are responsible for initiation of tumor
formation. Multiple approaches have been employed to understand the origin of glioma. For
example, clinical observations like expression of specific markers by tumor cells, location and
onset timing of tumors provide vital clues towards the origin of glioma. Another example is
molecular phenotyping at a genome-wide level. This approach has greatly advanced the
categorization of gliomas by dividing morphologically indistinguishable tumors into four
subtypes based on gene expression signatures and unique genomic aberrations. It also sheds
light on potential cell types that are responsible for the origin of particular subtypes of glioma
(Verhaak et al, 2010). One more approach is by using genetically modified mouse or rat models
in which genetic mutations are directly introduced into progenitor cell types (Holland et al,
1998; Reilly et al, 2000; Xiao et al, 2002). Recent data hints at neural stem cells (NSCs) as
cells of origin of gliomas. They mainly reside in sub ventricular and sub granular zone of

human brain. This hypothesis is supported by presence of cancer stem cells (CSCs) in the tumor
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which are thought to be multi-potent, capable of self-renewal and share markers like CD133
which are also present in NSCs (Beier et al, 2007). These human CSCs were able to re-initiate
tumors in mouse brain than their non-stem counterparts in the tumor (lacopino et al, 2014).
This explains the possible reason behind the resistance of tumor to standard treatment and

recurrence, as these CSCs may continue to seed the tumor formation despite treatment.

1.4. Genetic alterations in glioma

Classical cytogenetics and array-based comparative genomic hybridisation of gliomas
have recognized different chromosomal aberrations like deletion or loss of heterozygosity of
genes involved in tumor suppression and gain or amplification of genes involved in tumor
progression. One example is the loss of tumor suppressors RB and P53. Both of them being
cell cycle regulators, RB and P53 can either be directly deactivated by mutations in their genes
or by amplification of their negative regulators CDK4 and MDMZ2 respectively (Shete et al,
2009; Wrensch et al, 2009). Similarly, glioma development is accompanied by activation of
signaling pathways like Phosphatidylinositol 3-kinase (P13K) and mitogen activated protein
kinases (MAPK) involved in the promotion of cell growth and survival (Knobbe and
Reifenberger, 2003; Ohgaki et al, 2004). These signaling pathways are activated with
amplification and overexpression of growth factor ligands such as epidermal growth factor
(EGF), platelet derived growth factor (PDGF) and their respective receptors like epidermal
growth factor receptor (EGFR) and platelet derived growth factor receptor (PDGFR) (Frederick
et al, 2000). Even the genes involved in the metabolic processes are shown to be involved in
glioma development. One such example is mutations in isocitrate dehydrogenasel (IDH1).
80% of human glioma patients possess IDH1 mutation that lead to gain in the enzymatic
activity of IDH1 (Dang et al, 2009).

87% of human gliomas exhibit TP53 signaling alterations. TP53 signaling is important
for apoptosis, cell senescence and cell cycle arrest during DNA damage. In 35-40% of GBM
samples there is either heterozygous dominant negative point mutation or homozygous deletion
in TP53 gene. TP53 inhibitors MDM2 and MDM4 have been found to be amplified in 14% and
7% of glioblastoma. Activators of TP53 pathway like CDKN2A and P14ARF are found to be
deleted in 40-59% of GBM. 11-12% of GBM show either homozygous deletion or mutation in
PRB gene. This retinoblastoma protein (pRB) is involved in cell cycle progression from G1-S
phase. Inhibitors of pRB protein CDK4, CDK6 and CCND2 are amplified in 14-18%, 1% and
2% of glioblastomas, respectively. Whereas these CDK inhibitors like CDKN2A/p16INK4A,
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CDKN2B and CDKN2C are frequently found to be inactivated in GBM patients (Parsons et al,
2008).

PI3K and MAPK signaling pathways are receptor tyrosine kinase (RTK) pathways and
are regularly activated in glioma patients. EGFR is the most frequently altered RTK gene in
glioblastomas (around 45%). The other RTK’s altered in GBM include PDGFRA (amplified in
13%), ERBB2 (mutated in 8%) and cMET (amplified in 4%). Among PI3 kinases, PIK3CA and
its adaptor protein PIK3R1 are most commonly mutated in GBM (15-27%). Downstream
effector of RTK pathway PTEN is homozygously deleted in 36% of GBMs. The other
downstream effectors of RTK pathway Ras mutations (N-Ras, H-Ras, KRas) occur rarely in
GBM (2% activating Ras mutations), whereas the Ras inhibitor NF1 is down regulated in 15-
18% of glioblastomas (CGAR, 2008). Genetic abnormalities that occur in glioma are illustrated
in fig. 1.1.

Astrocytes or glial precursor cells?

BRAF fusion 33 mutaion (65%) EGFR ampl. (40%), overexpr. (60%)
IDHI mutations (~70%) ERBB2 mutations (-8%)
PDGFA-,PDGFRa. overexpression (~60%)

. - 33 mutation (~30%)

Pilocytic astrocytoma Diffuse astrocytoma MDM2 ampl. (<10%), overexpr. (~50%)
P16 deletion (30-40%)

RBI mutation/deletion

Loss of 19q (~30%)

RBI mutation/deletion (~25%)
Loss of 10

PTEN mutation (~30%)
CTMP methylation (-40%)
PIK3RI mutations (-10%)

Anaplastic astrocytoma

Loss of 10q (~30%)

PTEN mutation/deletion (3%)
DCC loss of expression (~50%) NDRG2 methylation (~60%)
PDGFRa ampliﬁcation (<10%) NF1 mutatioﬂs (~14%)
EMP3 methylation (~80%)

Secondary glioblastoma Primary glioblastoma

Fig.1.1. Genetic alterations associated with glioma (Kleihues and Ohgaki, 1999)
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1.5. Epidemiology of glioma

In general, incidence of brain tumor is rare compared to other cancers. Only, 1 in 165
men or women will be diagnosed with brain tumors in their whole life time (Altekruse et al,
2010). Within glioma the occurrence of primary GBM (95%) is common compared to
secondary GBM (5%) (Ohgaki et al, 2005). Frequency of diffuse and anaplastic astrocytoma
is more than secondary GBM (Dropcho et al, 1996). The average time required for low grade
glioma to progress to high grade GBM is around 2-5 years (Ohgaki et al, 2005). Incidence rates
(IR) of glioma differ by histology, race and sex. Histology: for example, the age-adjusted rate
per 100,000 persons per year for glioblastoma is 3.19 (95% CI1=3.16-3.23) compared with less
than 0.2 for anaplastic oligodendroglioma (IR=0.12, 95%CI=0.11-0.13) and
protoplasmic/fibrillary astrocytoma (IR=0.11, 95%CI=0.10-0.11). Race: White people have
higher incidence rate of glioma compared to blacks by histology groups (e.g., IR=3.55,
95%CI1=3.52-3.59 vs. 1.64, 95%CI=1.57-1.72 for glioblastoma; IR=0.47, 95%CI=0.45-0.48
vs. 0.19, 95%CI=0.17-0.22 for anaplastic astrocytoma). Sex: males are more prone to brain
tumors compared to females by histology of different markers (e.g., IR=3.99, 95%CI=3.94-
4.04 vs. IR=2.53, 95%CI=2.49-2.57 for glioblastoma; IR=0.48, 95%CI1=0.46-0.50 vs. 0.35,
95%CI1=0.33-0.36 for anaplastic astrocytoma) (CBTRUS, 2001). Occurrence of primary GBM
is more common in females (246.8 out of 100,000 per year) than in males (158.7 out of 100,000
per year). Mostly, less developed countries (e.g., Africa, Pacific Islands) report lower incidence
rates (3 for males and 2.1 for females out of 100,000 persons per year) compared to more
developed countries (e.g., New Zealand, Australia, North America) having incidence rate of
5.8 for males and 4.1 for females out of 100,000 persons per year (CBTRUS, 2001). Survival
rate of patients diagnosed with brain tumor depends on the age of patient, grade of tumor and
its location in the brain. For example, patients diagnosed between age 0-14 years with pilocytic
astrocytoma (relative survival percentage-RSP =97.3%), will live beyond 5 years, compared
with anaplastic astrocytoma (RSP=32.0%) and glioblastoma (RSP=20.9%) (CBTRUS 2001).
On the other hand, 5-year RSP of glioma patients between age 45-54 is lower (e.g., RSP=82.4%
for pilocytic astrocytoma; RSP=28.6% for anaplastic astrocytoma; and RSP=5.6% for
glioblastoma). Only 0.8% of patients diagnosed between ages 55-64 years survive beyond 10
years. Examination of brain tumor incidence from past 10 years by CBTRUS has revealed

slight but significant annual percentage increase (0.9%) in the incidence. Survival table 1.1.
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Histologic Survival Survival
Category upon 2 years (95%CI) upon 3 years (95%CI)
Pilocytic astrocytoma 95.9 (92.6-97.8) 99.2 (91.6-99.9)
Diffuse astrocytoma 53.6 (42.9-63.2) 73.7 (59.6-83.6)
Anaplastic astrocytoma 45.4 (38.2-52.3) 73.6 (62.7-81.8)
Glioblastoma multiforme 26.2 (20.6-32.1) 70.4 (55.6-81.2)

Table 1.1. Relative probability of a patient living 10 years beyond their diagnosis date if they
have already survived 2 and 5 years (Jimmy T. Efird, 2011)

1.6. Risk factors for glioma

The specific factors responsible for glioma development are unknown and categorizing
various risk factors have proven difficult. But epidemiologic data has suggested that factors
like advancing age, environmental or life style exposure (e.g., smoking, alcohol consumption,
coffee drinking), infectious agents (e.g., polyomaviruses, cytomegaloviruses, influenza,
Toxoplasma gondii), diet/vitamins (e.g., nitrosamine compounds, vitamin C, vitamin D3),
beauty products (e.g., hair dyes and lighteners, hair waving and straightening chemicals),
industrial exposures (e.g., rubber manufacturing, petroleum products) might influence the
occurrence of brain tumors (Bondy and Wrensch, 1996; Ostrom and Barnholtz-Sloan, 2011;
Fisher et al, 2007; Schwartzbaum et al, 2006). The other factors like exposure to ionizing
radiations during radiation therapy or radio surgery has proven to increase the risk of GBM,
because these radiations have the ability to excite the electrons and damage DNA leading to
mutations responsible for tumor formation. The overall risk of development of GBM by
radiation therapy increases by 2.5% (Salvati et al, 2003). Head trauma is another factor
responsible for occurrence of GBM. During trauma the glial cells divide rapidly leading to
gliosis thereby damaging blood brain barrier. This causes glial cells to expose to carcinogens

there by leading to tumor formation (Preston-Martin et al, 1998).
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Besides these factors, development of glioma is greatly influenced by genetic
syndromes, immunological risk factors and DNA repair gene polymorphisms. The inherited
syndromes like neurofibromatosis 1 and 2, tuberous sclerosis, retinoblastoma, Li—Fraumeni
syndrome, and Turcot’s syndrome and multiple hamartoma have been connected with
increased threats for development of gliomas and other types of primary brain tumor (Ichimura
K et al, 2004). To some extent familial aggregation influences the occurrence of brain tumors.
Familial glioma risk is two times higher than glioma risk in patients without family history of
the disease. The relation between the immunological factor and glioma is inconclusive. But
researchers have mentioned that there is inverse relation between adult glioma and histories of
allergies or chicken pox and high serum levels of IgG and IgE during viral infections (Brenner
et al, 2002). Due to complexity in DNA repair mechanism with 130 genes involved, genes
associated with sensitivity to DNA damaging agents are also involved in DNA repair. Very
few studies have shown association between DNA repair enzymes like ERCC1, ERCC2,
GLTSCR1 and MGMT and glioma growth (Wrensch M, et al, 2005; Yang P, et al, 2005).

1.7. Symptoms

Symptoms of glioma are variable and depends on the size and location of the tumor. If
tumor is present in temporal lobe, it could cause hearing and vision problems whereas tumors
in frontal lobe affect personality behaviour. Most patients experience innumerable symptoms
including headaches, nausea, vomiting, and seizures. GBM often presents with a multitude of
varying symptoms like difficulty in walking, hearing loss, visual field defects, giddiness,
acquired inability to smell, tremor, urinary urgency or incontinence, difficulty in speaking or
understanding what others are saying, excessive thirst or appetite, inappropriate denial of
illness, injury or bodily defects, visual hallucinations etc. (American Brain Tumor

Association).

1.8. Diagnosis

Since glioma patients present various symptoms, diagnosis is more commonly made
after surgical resection. Before surgery, brain imaging studies are performed in order to confirm
presence, size and location of the tumor. Frequently used brain imaging technique is
gadolinium-enhanced magnetic resonance imaging (MRI). GBM is most visible in T1-
weighted MRIs and differences between white and gray matters are visible because of changes
in contrast (Adamson, 2009). Other less commonly used techniques include magnetic

resonance spectroscopy (MRS), positron emission tomography (PET), and CAT scans. If
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doctor finds that tumor is located in highly dangerous or inoperable area, a stereotactic biopsy
is operated. CT, MRI, PET scan of GBM is depicted in fig. 1.2.

CT PET
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"tir2d1_17 /150

Fig.1.2. CT, MRI and PET scans of GBM

1.9. Treatment

Current conventional treatment strategy includes standard surgical removal of the
tumor followed by radiation therapy. In certain cases, where the tumor cannot be cured
completely by surgery and radiation therapy, chemotherapy is recommended. In general, whole
brain radiation therapy coupled with surgery has the best outcome and few studies have shown
that radiation therapy can be coupled with adjuvant chemotherapy (Tallet et al, 2012).
Surgical resection is considered to be the important component of multimodal management of
malignant gliomas. For GBM patients, maximal resection of tumor improves the survival
period of the patient. The advantages of surgical resection includes rapid cytoreduction, relief
of symptoms related to mass effect, allows for institution of fractionated radiation therapy and
chemotherapy with reduced target volumes, and provides tissue for diagnosis (Sanai 2012).
Radiation therapy is often regarded as second component of cancer treatment. For newly
diagnosed GBM patients, radiation therapy combined with chemotherapy has been proven to
prolong overall survival period. Temozolamide is a proven antitumor chemotherapeutic
alkylating agent. This drug acts by reducing the levels of O-methylguanine-DNA
methyltransferase (MGMT), a DNA repair enzyme. Stupp et al, have shown that two-year
survival rate was 26.5% with radiotherapy plus temozolamide and 10.4% with radiotherapy
alone (Stupp et al, 2005). Glioma patients with MGMT promoter methylation showed better
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response to temozolamide (overall survival — 49%) than patients without MGMT promoter
methylation (overall survival — 27%) (Wick et al, 2009).

Since development of malignant tumor involves activation and interplay between
different molecular pathways, extensive research in understanding these molecules has led to
manufacturing of drugs targeting these molecules. For example, GBM is one of the most highly
vascularised cancer and requires aggressive angiogenesis for its development and progression.
Angiogenesis involves the interplay between different growth factors and their receptors.
Therefore targeting these factors has proven to be better option for treatment. Table 1.2.

illustrates targeting of angiogenic factors (Tanase et al, 2013).
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Table 1.2. Targeting angiogenic factors in glioma treatment

Angiogenic factor Compound Name Mode of action
VEGE - ditected monoclonl Bevacizumab specifically binds to VEGE-A and prevents ligand-receptor interaction
antbodies Afibercept binds o al isoforms of VEGE-A with high afnity
I b human IgG1 monoclonal antibody directed against human vascular endothelial
VEGER - directed monoclonal cucuma gmw[h factor [ecep[m‘ 1
antibodies . ) )
Ramucirumab humanized monoclonal anti VEGFR-2
. mhibits the proangiogenic VEGFR-1, VEGFR-2, VEGFR-3, and PDGFR-
Sorafentb T o
. Ptyrosine kinases in biochemical assays in vitro
VEGER small molecules kinase -
inhibitors VEGF receptors-1, -2, and -3, PDGFR-u and -p, ¢-KIT, the receptor tyrosine
Sunitmib kmase receptor encoded by the ret proto-oncogene (RET), and fms-like tyrosme
kiase 3 (Flt3)
PDGER — small molecules kinase Imatinib mesylate mibitor of PDGER, ABL, and ¢-KIT
mhibitors » e . P
Tandutmib mhibitor of PDGFR, FLT3, and ¢-KIT tyrosine kinase activity
binds to the second (L.2) domain of EGER thereby blocking its downstream
EGER - directed monoclonal Cefuximab signaling by prompting receptor internalization and encumbering ligand-receptor
antibodies nferaction
Panifumumab blocks the binding of both EGF and TGF-alpha to various EGFR
Gefitnih orally active low-molecular-weight EGFR mhibitor with selective tyrosine
. kinase activity but not serine threonine kinase mhibitory activity
EGFR small molecule kinase Erlotinib antl-proliferative effects, cell-cycle arrest and apoptosis
inhibitors iy reversible and specific RTK inhibitor of both EGFR and HER? as well as against
Lapatimib °
AkT
Canertinib orally active low-molecular-weight ireversible pan-EGFR famuly TKI

Besides this, targeting pathways like PIBK/AKT/mTOR involved in cell proliferation and
differentiation, cell survival and metabolism, cell migration, and cell-cycle control has been
shown to prolong the survival period of patients. Inhibitors of PIBK/AKT/mTOR are illustrated

in table 1.3 (Tanase et al, 2013).
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Table 1.3. Targeting signaling pathways involved in glioma development

Signaling pathway Compound Name Mode of action
SF1126 Pan-class [ PI-3K, mTOR, DNA-PK
PX-866 Pan-class I PL-3K
GDC-0941 Pan-class 1 PI-3K
NVP-BEZ235 Pan-class I PI-3K.mTOR
PL-3K inhibitors XL147 Pan-class 1 PI-3K
XL765 Pan-class I PI-3K, mTOR
D-87503 Pan-class I PI-3K, ERK2
(GSK615 Pan class I PL-3K
CALI01 PL-3Kd
GSKA90603 inhibits all three isoformts of{f\kt and some related AGC
family kinases
Akt nhbfor AR VI seletivity towards Aktl and Ak
MK-2206 fargets all three Akt isoforms
Rapamycin mTORC! inhibitor
Rapamycin analogs mTORCI inhibitor
mTOR inhibitors Torin mTORC]1.2 nhibitor
Ku-0063794 mTORC1,2 mhibitor
pp2d2 mTORC1,2 ihibitor
PLI03 inhibits both PI-3K and mTOR kinase activity (in
mTORC1 and mTORC2)
ful P3ITOR lective towards PI-3K then mTOR and is currently
eDCil o in Phase I clinical trials

Recently, few researchers have demonstrated microRNAs (miRNAS) as promising therapeutic
targets in cancers. miR-21, miR-196, miR-10b, miR-128-1, and miR128-2 are frequently found
to be deregulated in glioblastoma. Besides their role as biological markers in assessing the
disease, scientific literature suggests two possible treatment options for glioblastomas with
regard to miRNA: substitution of miRNA with tumor suppression function (mimics) and
inhibition of MiRNAs with oncogenic properties (Mizoguchi M et al, 2013). In vivo and in vitro

studies have shown to decrease tumor growth when oncogenic miRNAs were targeted and
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down regulation of these miRNAs sensitized the GBM cells to 5-fluorouracil and
temozolamide (Ujifuku et al, 2010; Ren et al, 2010).

During past ten years great amount of research has focused on cancer stem cells (CSCs) and
targeting these cells for malignant glioma therapy. These CSCs have proven to be resistant to
conventional mode of therapy, but scientists have proposed that resistance can be overcome
either by blocking CSC functions through EGFR/PI-3K/Akt inhibition and inducing
differentiation or targeting perivascular niche, hypoxic niche and immune evasion (Binello and
Germano, 2011). For better outcome of a patient individual personalized medicine is adopted.
In this tumors are classified based on molecular expression of biomarkers and individual
proteome profile. This has helped in effective treatment and improved outcome of patient

compared with current standard therapies.

1.10. Scope of the present study

Gliomas characterize most common primary tumors of the brain. In spite of great
advancements in various treatment techniques, these tumors, GBMs in particular still carry a
poor prognosis. Recent focus of current glioma research also lies in distinct characterization of
tumors in low grade astrocytomas. That is differentiating pilocytic astrocytomas from diffuse
astrocytomas showing the features of increased cellular and nuclear pleomorphism due to lack
of potential immunohistochemical markers to differentiate between them. Thus current
differential diagnosis between them is arbitrary. To date, very little information is available to
distinguish pilocytic astrocytomas from grade Il astrocytomas. So, understanding the molecular
basis that leads to the development and progression of these tumors is important in their
distinction and designing suitable treatment strategies. Many studies in different cancers
including glioma have shown aberrant expression of Wnt signaling pathway. But the status of
Whnt pathway in pilocytic astrocytomas is not well understood. Therefore, we have investigated
the Wnt signaling pathway components -catenin, Lef1, Tcf4 and c-Myc in a panel of pilocytic

astrocytoma samples and compared with diffuse astrocytomas of all grades.

Highly aggressive treatment approaches, such as postoperative radiation therapy and
chemotherapy, have been used clinically to treat glioma patients. However, these approaches
do not benefit all patients equally. Adverse effects of these approaches even dramatically
deteriorate the quality-of-life for some patients. Therefore, individualized therapy should be
considered as a valuable approach for patients with high-grade gliomas. Recently, molecular

diagnostics has emerged as a powerful tool to discover new biomarkers, network and
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therapeutic targets, realizing the proof of principle that personalized medicine can increase
survival and cure cancer patients. There have been several prognostic factors for glioma
patients, such as age, preoperative duration of symptoms, Karnofsky performance status (KPS)
score, histologic grade, tumor necrosis, surgical resection extent, use of postoperative radiation
therapy and, probably, adjuvant chemotherapy. But these clinical parameters do not fully
account for the observed variation in survival rates because of the heterogeneous nature of
gliomas. Therefore, it is necessary to properly understand the molecular mechanism of glioma
development in order to develop novel targeted approaches for management of this disease.
According to previous literature loss of cell polarity was regarded as post effect of cancer, but
recent research work led to discovery that cell polarity is lost and responsible for tumorigenesis
and its progression. Cell polarity proteins regulate cancer cell properties like proliferation,
apoptosis, and epithelial- mesenchymal transition. However, little is known about the role of
cell polarity proteins in glioma or expression level of a cell polarity protein hSCRIB and its
prognostic significance in human gliomas. Therefore, we investigated the expression pattern
of hSCRIB in human glioma specimens and analyse the relationship between hSCRIB
expression and the glioma stage as well as the survival of the patients.

Mitogen activated protein (MAP) kinases play essential role in the cellular response to
extracellular stimuli. c-Jun N-terminal kinases (JNK) signaling is activated by various stress
stimuli such as UV and ionizing radiation, heat shock, inflammatory cytokines, metabolic
inhibitors, and osmotic or redox shock. The oncogenic role of JNK signaling pathway is well
established in several cancers but little is known in glioma development. To unravel the role
of INK signaling in glioma development we used a rat model of neuro carcinogenesis in which
gliomas invariably develop several months after a single prenatal exposure to ENU (N-ethyl-
N-nitrosourea). Further, we wanted to investigate whether in vitro targeting of rat C6é glioma
cell proliferation using small molecule inhibitor SP600125 (anthra [1.9-cd] pyrazole-6(2H)-
one), which has been reported to be a potent and selective inhibitor of JNK1,-2 and -3 can
inhibit the survival of glioma.

Despite aggressive therapy glioma remain to be an enormous therapeutic challenge.
Temozolamide (TMZ) is currently the most promising chemotherapeutic drug to treat gliomas.
Unfortunately, TMZ is not always effective in patients with GBM. The unsatisfactory outcome
of chemotherapy with TMZ is mainly defined by the intrinsic or acquired chemoresistance in

the tumor. Recent studies have shown that tumor microenvironment promotes the maturation
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of tumor into malignant form. The extracellular pH of tumor being low compared to cell
cytoplasm, impedes the uptake of weakly basic chemotherapeutic drug thereby reducing their
cytotoxic effects on cancer cells. Vacuolar-type (V-type) H+-ATPases, are regarded as
foremost players in regulating cellular pH. Drugs which inhibit the function of V-H+ -ATPases
are regarded as proton pump inhibitors (PPI’s). Many observations in cancer studies have
pointed out anti-proliferative activity of PPI’s, but there is no report on the efficacy of PPI’s
against glioblastoma cell lines, and the underlying mechanism involved in the growth inhibition
of glioblastoma cell lines has not been elucidated. So, the present study was undertaken to
examine the growth inhibitory effect of proton pump inhibitor pantoprazole on glioma cell line
and reveal the molecular mechanism behind its cytotoxic activity.

Based on the existing lacunae in the glioma research the following objectives were
designed.

Objectives of the study

1. To identify novel diagnostic marker to distinguish pilocytic astrocytoma from

diffuse astrocytoma based on differential expression of Wnt pathway components.

2. Study of cell polarity protein hSCRIB as a potential prognostic marker in human

astrocytoma patients.

3. Role of INK in ENU induced rat glioma progression.

4. Invitro inhibition of glioma cell survival by pantoprazole via targeting NF-xB
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